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Foreword

* A data center (DC) is large in scale and complex in system structure. Based on
service and management requirements, each related department will raise
requirements on how to build a DC, where to build the DC, how much to invest,
and how much to gain from the DC. Therefore, it becomes a very important issue
for DC users to figure out how to sort out these different requirements
scientifically, ensure the economical efficiency and reliability of the subsequent
operation, and finally obtain the most appropriate overall solution.

1 Huawei Confidential g@ HUAWEI




2

Objectives

On completion of this course, you will be able to:
o Understand the overall DC planning and consultation service process.
o Know how to use the three DC assessment models.

o Be familiar with the approach for producing the DC site selection report and
feasibility research report.
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Factors to Be Considered in DC Construction

Compliance

Google DC in Finland Facebook DC in Oregon Apple Maiden DC

Availability

Functionality

Scalability

Energy
saving
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Google DC at Hamina port, Finland.The low-temperature seawater is transported
from the Gulf of Finland to the cooling station of the DC through the circulating
pump. The heat exchanger exchanges heat between the seawater and the chilled
water in the DC. The temperature of the seawater increases after the seawater
absorbs heat

Facebook DC in Oregon: It is located in the desert of Oregon in the US.The DC
adopts various energy saving technologies, such as direct ventilation for free
cooling, equipment room temperature improvement, double-layer ventilation
structure, customized power modules unique battery rack and equipment rack
design, power supply voltage improvement, and server virtualization
technologies, to achieve a PUE of 1.07.

The Apple Maiden DC is located in North Carolina, where a long sunshine
duration, a preferential policy for environmental protection, and cheap land are
available. The DC uses PV power generation as the main energy source, to
achieve zero emission and earn LEED Platinum.

Alibaba Cloud DC beside Qiandao Lake: The annual average temperature of the
Qiandao Lake area is 17° C. The temperature of the deep water lake is constant
all year round. The DC uses lake water cooling instead of air conditioner cooling
for 90% of the year. The estimated annual average PUE of the DC is 1.3.

Tencent Guizhou Qixing DC: The DC will be used to store Tencent's core big data
in the future. The DC features high concealment, high protection, and high
security. Five caves were cut in a hillside about hundreds meter long, with two
square shafts at the top of each cave.




Factors to Be Considered in Requirement Analysis

External conditions

Compliance

« Area, floor, and bearing capacity of each functional area
in the equipment room

« Power supply and water supply environment

» Weather, transportation, geology...

Availability

Facility
Functionalit ; P I
unctionality Service reqmrements requirements

B

« Power density (equipment information)

. IT infrastructure
« Business growth rate...

Serviceability
requirements

Customer expectations

N

Cost-
Business ’

effectiveness

« Energy saving objective (PUE)
« Construction level (Tier I-Tier IV, Class A/B/C)

« Initial scale, reservation for capacity expansion

« Resource usage (surface usage and cabinet space usage)
Energy » Management requirements (management objects,

s linkage requirements, and proactive management)

« Display function (visualized O&M)...

requirements

Scalability

Security
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DC Requirement Analysis Methodology
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DC Consultation and Planning Process

* The process from launch to project initiation for a DC involves a series of analysis and research, which is called the
consultation phase. The feasibility research of the DC is also a task to be completed in this phase. Feasibility research is
usually conducted after business consultation. The site selection and feasibility research are usually conducted in parallel and
staggered. On one hand, the site selection result directly affects the technical solution of the DC. On the other hand, the
requirements of the technical solution also affect the site selection.

Surrounding Business plan
understand and lmpler:::t plan
and feasibility analysis

inner assessment operating assessment

Operation
environment analysis

Business Feasibility
model research
b Site selection

development pla

Service and
operation
assessment

Implementati

development pla on plan

Carrier analysis
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Obijectives of Site Selection

* Site selection is a key decision in the DC planning phase. The result directly affects the service success of a DC.

* Site selection is to select the best candidate site based on an experienced site selection team, scientific site
selection methods, and professional site selection tools.

Key factors for did i
site selection Candidate solutions
e =
. : . : PUE \ l
—
Analysis and Suggestions on site selection based on
conclusion comprehensive analysis and considerations
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Method
= Process and methods for site selection consultation
= Assessment standards for site selection consultation
= Assessment system for site selection consultation
Professional
= Experienced site selection consultation team

= Heating, ventilation and air conditioning (HVAC), heavy current, and weak
current research team

Tool
= Global climate database
= Other databases

= Site selection consultation checklist




Objectives of Feasibility Research

* Feasibility research is the source of DC planning, design, and integration implementation. It analyzes factors that affect the
project, such as technologies, laws, and regulations, determines whether the project is necessary and feasible, determines the
technical solution to be used, and evaluates the economic and social benefits of the project, providing decision-making

suggestions for project investors.
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Reliability and Availability

.

Failure rate: indicates the conditional probability that a component works normally before time t and
becomes faulty after time t.

Start of the first fault
o A=1/MTBF

Start of the second fault

End of the first fault
.

End of the second fault

Reliability: indicates the probability that specified functions can
be performed under specified conditions.

o R= E’;‘

The repair is complete. Time
Put the component inta operation.

The preparations are complete
Start the repair.

a Serial system: R(t) = R(1) x R(2) = g”*1 72t
@ Parallel system: R(t) = R(1) + R(2) - [R(1) x R(2)],

R(t) = e Mty g2t [e-(m +'f.2}|]

A fault occurs.
Prepare for the repair

Availability: indicates the capability of performing specified functions under specified conditions at specified

time or in a specified time range. It reflects the system reliability, repairability, and maintainability.
Availability is usually represented by letter A.

MTBF
Availability = [

MTBF: Mean Time Between Failures
x 100% MTTR: Mean Time To Repair
MTBF + RLT + MTTR

RLT: Repair Logistics Time
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Availability and Reliability of DCs

* The engineering construction standards related to DCs are the requirements and embodiment of the
functions, design and deployment, construction techniques, and acceptance standards of DCs, and have
specific requirements on the availability and reliability of DCs.

« GB 50174-2017

« The facilities of a Class A DC should be configured based on

+ TIA-942-2017

« Tier | - Basic site facilities
the fault tolerance system.

- « Tier Il - Site facilities for redundant capacity
+ The facilities of a Class B DC should be

components
configured based on the redundancy requirements.

« Tier Ill - Concurrently maintainable site facilities,
+ The facilities of a Class C DC should be

: . < « Tier IV - Fault-tolerant site facilities
configured based on the basic requirements

Reliability of data
center facilities
1111
T

[ T T T T 1
Equipment Building :gvéflsrtﬁlép[t{lyn Cooli Equipment Integrated
room location structure g 5' st:mu 10 system room network cabling
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In this course, only the reliability models of the power supply and distribution
system and cooling system are discussed.




Reliability Model of the Power Supply and Distribution
System (1)

* The following uses the typical architecture of the power supply and distribution system in a Tier IV disaster recovery (DR) DC
as an example.

* Availability of the uninterruptible power supply (UPS) AC input

Load A

(dual

power
supplies)

= ALT=[1-(1-A1)x(1-A2)] x A3 x A4

Al

Load A’
* Availability of the UPS input power (single

power
supply)

e A1,2=[1-(1-A11)x(1-A5)7

AS
A1,2 T~ Load A

(dual
power
supplies)
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« The Uptime class A DC power supply system consists of two mains power
supplies, two backup power supplies, two LV power distribution systems, a UPS
2N system, and two PDU power distribution systems.




Reliability Model of the Power Supply and Distribution
System (2)

The following uses the typical architecture of the power supply and distribution system in a Tier IV DR DC as an example.

* Availability of the UPS 2N system A6,1

s A61=[1-(1-A6)%

Load A

* Availability of a bus power supply syste ;g:;lr
2 A6,2 =A1,2 x A6,1 x A7 supplies)

’

Load A’
A6,2

(single
power
supply)

A1,2 ™

Load A

(dual

power
supplies)
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« A bus power supply system consists of the UPS input power supply, UPS 2N
system, and PDU power distribution system.




Reliability Model of the Power Supply and Distribution
System (3)

* The following uses the typical architecture of the power supply and distribution system in a Tier IV DR DC as an example.
* Therefore, the availability of the power supply system for key loads is as follows:

s A=[1-(1-A62)7 (dual power supplies), A' = [1 - (1 - A6,2)2] x A8 (single power supply)

Load A

[(:[TE:1
system [t
(A4) supplies)

Load A'

A6,2 (single

power
supply)

Load A
(dual
D.G § power
- P’S(R;;tery supplies)
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« The Uptime class A DC power supply system consists of two mains power
supplies, two backup power supplies, two LV power distribution systems, a UPS
2N system, and two PDU power distribution systems.




Reliability Model of the Power Supply and Distribution
System (4)

* Refer to the related data in the table. The following can be obtained through calculation:

Availability of the AC input power

Availability of the UPS input power

Availability of the UPS 2N system

Availability of a bus power supply system

Availability of key loads

A1,1 = 0.9999 4144 6225 299
A1,2 = 0.9999 9999 9999 983
A6,1 = 0.9999 9999 7382 582
A6,2 = 0.9999 9876 0808 568

A = 0.9999 9999 9998 464 (dual power supplies),

A' = 0.9999 9360 5155 464 (single power supply)

Reference values for the availability of major power supply subsystems and components

Subsystem

Power grid (A1)

Generator (A2)

ATS (A3)

LV power distribution
system (A4)

Availability

0.9988 1458 3841

0.9999 3202 0398

0.9999 4378 0437

0.9999 9774 6241

Subsystem

UPS battery (A5)

Single UPS system (A6)

PDU power distribution
system (A7)

STS (A8)

Availability

0.9999 8303 0881

0.9999 4883 9291

0.9999 9876 3426

0.9999 9360 5157
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The Uptime class A DC power supply system consists of two mains power
supplies, two backup power supplies, two LV power distribution systems, a UPS

2N system, and two PDU power distribution systems.




Reliability Model of the Cooling System

* The following uses the typical architecture of the cooling system in a Tier IV DR DC as an example.

* Availability of the AC input power for each air conditioning system in the equipment room
s AL1=[1-(1-A1)x(1-A2)] xA3 x A4

* Therefore, the availability of the cooling system for key loads is as follows: Reference values for the availability of major

5 cooling sub and comp
= A=[1-(1-A11xAS5 A6
-« XA3)) X AT Subsystem Power grid Generator High-power ATS
Availability 0.9988 1458 3841 0.9999 3202 0398 0‘99:493‘;378
Air conditioning LV power
Subsystem system of computer distribution Cabinet system
room air conditioners system
D.G Availability 0.9999 7333 4044 0.9999 9912 1013 1
(A2) ;
Cabinet Key load
system A
Mains (A6)
(A1)
D.G
(A2)
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» The cooling system (N+N fault tolerance configuration) of a Uptime class A DC
consists of two mains power supplies, two backup power supplies, two LV power
distribution systems, and two redundant cooling systems consisting of the air
conditioning system dedicated for N+N redundancy equipment rooms and
cabinet system.
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Quantitative Assessment Indicators for DC Energy

Efficiency - PUE

* In 2006, Christian Belady put forward the concept of DC power usage effectiveness (PUE). In 2007, The Green Grid (TGG)
developed and improved the concept of PUE. In February, TGG proposed the following PUE definition in Green Grid Metrics:

Total facility ener
PUE = y &

IT infrastructure energy

* On October 29, 2009, TGG released the PUE white paper 2.1, that is, PUE v2, which is
frequently referenced. PUE v2 provides a method to report more accurate PUE. PUE V2
defines different types of PUE measurement methods. TGG divides these methods into
three levels: basic, intermediate, and advanced.

* In 2011, the DC Efficiency Task Force (DCETF) published a paper outlining the

recommended methods for measuring and reporting PUE. DCETF adds a 4th level that is

PUE: Power Usage Effectiveness

Bullding Load
Demand from grid

Total Facility Energy

IT Equipment Energy

more basis. From PUEO to PUE3, a higher level indicates stricter requirements. Next, | will focus on PUEO, PUE1, PUE2, and PUE3

defined by DCETF.
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Four Levels of PUE V2

20

The following table lists the PUE levels in the Recommendations for Measuring and Reporting Overall DCs Efficiency released

by DCETF.
PUEO PUE1 PUE2 PUE3
Energy Consumption
Measurement Input energy of IT
Position of IT UPS output power UPS output energy PDU output energy equipment
Infrastructures

Definition of IT
Infrastructure Energy

Peak power of IT
equipment

Annual energy
consumption of IT

Annual energy
consumption of IT

Annual energy
consumption of IT

Consumption equipment equipment equipment
Definition of Total Peak bowEr o Annual energy Annual energy Annual energy

Facility Energy totall;(a)cili[ies consumption of total | consumption of total | consumption of total

Consumption facilities facilities facilities

Recommendations for
Measuring and Reporting
Overall Data Center Efficiency

Version 2 - Measuring PUE for
Data Centers
17 May 2011

Except for PUEO, all measurement results must be converted into energy, which means that time components must be
introduced. An example is as follows: if kilowatts per hour is used to replace kilowatts, all input energy must be included. For
example, heat generated by gas combustion must be converted into kilowatts per hour.

In addition, all measurement results must be measured at the specified time point for at least one year.

Huawei Confidential
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Measuring Positions of IT Equipment Energy
Consumption for Different Levels of PUE V2

PUEO PUE1 PUE2 PUE3
Measuring
Positions of IT UPS output UPS output PDU output Input energy of
Equipment Energy power energy energy IT equipment
Consumption
Definition of IT Annual energy Annual energy Annual energy

uipment Energy Peak power of consumption of | consumption of IT [ consumption of
IT equipment

Consumption IT equipment equipment IT equipment
Definition of Total peak power of Annual energy Annual energy Annual energy
Facility Energy xocal‘?a)cilities consumption of | consumption of | consumption of
Consumption total facilities total facilities total facilities
*  According to PUE V2, the energy consumed by offices and network
operations centers (NOCs) must be included in the PUE calculation p = = = = = - == -
formula 1 PUEO/PUE1

*  PUE V2 also clarifies that renewable energy, such as wind and solar
energy, has no impact on the PUE, and that the PUE is irrelevant to 'PUEZ
the energysourceandtype. @ oo TT T oo

I
*  The four levels of PUE V2 are designed for new or reconstructed DCs. | PUE3
All-round measurement should be included in the design so that the L
DCs can become facilities with high energy efficiency.
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Energy Efficiency Model - DC Energy Consumption
Structure

¢ DC energy consumption structure: includes IT equipment energy consumption, power supply and distribution energy
consumption, and cooling energy consumption.
= Power load factor (PLF) = Energy consumption of the power supply and distribution system/Energy consumption of IT equipment
= Cooling load factor (CLF) = Energy consumption of the cooling system/Energy consumption of IT equipment

= |T/IT indicates the ratio of the energy consumption of IT equipment to its own, that is, the value of IT/IT is 1.

Chiller

Energy efficiency model

I PLF ]l I |

|

A r
ﬁ UPS N PDU H : ‘
Cooling {— -3

IT device

Heat dissipation

VDG
//
Lighting and other
devices

CLF

Source: The Green Grid
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« The PUE of some DCs is calculated as follows: PUE = PLF + CLF + ALF + 1. The
auxiliary load factor (ALF) is the energy efficiency factor of auxiliary systems such
as the lighting system and office system. This part is not discussed in this course.




Energy Consumption of IT Equipment

* IT equipment in a DC includes servers, storage equipment, and LAN switches. The number of servers is the largest, occupying
the majority. The energy consumption features of IT equipment are similar. Therefore, servers are used as an example.

= Rack servers are still the mainstream. Some high-end DCs use large servers such as midrange servers and mainframes.

The Huawei RH1288 V server is a 1 U 2-socket rack server. Its maximum power
consumption is about 500 W (with 8 drives, 2 CPUs, and high load). If 40 U
cabinets are fully configured, the power density can reach 20 kW.

= Mainstream public clouds, such as HUAWEI CLOUD, Alibaba Cloud, Baidu Cloud, Tencent Cloud,

AWS, Microsoft, and Google, have provided GPU-based computing services.
Huawei E9000 blade server is 12 U high.
Three servers can be deployed in one
single rack. The rated power of the rack is
27 kW to 45 kW, and the actual operating
power is about 17 kW.

= Huawei GPU server is 4 U high. The power of a single server is 4.4 kW. A maximum of 10 servers can be installed in a rack. The rated power
density of the rack is 44 kW, and the actual power is about 30 kW.

2 The rated power of HPE, SuperMicro, and NVIDIA products ranges from 3.2 kW to 4 kW, and the rack power can be greater than 30 kW.
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Huawei RH1288 V3 server (RH1288 V3 for short) is a general-purpose 1 U 2-
socket rack server launched to meet customer requirements for the Internet,
Internet DC (IDC), cloud computing, enterprise, and telecom service applications.




IT Equipment Energy Consumption - Annual Energy
Consumption

* Single server: Assume that the maximum output power of a 2 U server is 500 W and the AC/DC conversion efficiency is 85%
(average value). The maximum input power Pserver of the server is calculated as follows:

= Pserver = Pmax/0.85 = 500 W/0.85 = 588.23 W, which indicates the maximum power consumption of the server under full configuration and
100% load.

* Overall servers: The actual operating energy consumption is not the same. Designing a medium-sized DC usually involves
thousands of servers. Assume that a DC requires 2000 rack servers based on service requirements. The redundancy coefficient
Cis 0.8, and the utilization coefficient K is 0.8.

@ Pactual = Pserver x C x K x 2000 = 588.23 W x 0.8 x 0.8 x 2000 = 752.93 kW, which indicates the actual total power of servers in a medium-
sized DC. If high-density blade servers or integrated cabinet servers are used, the total power will be lower and the equipment power density
will be higher. However, the actual total power must be considered based on actual service conditions.

* Annual energy consumption (based on PUE3): Based on the industry attributes of DC services (such as finance, ISP, and
government), assume that the actual annual usage efficiency is 0.7 and the efficiency of the UPS and whole set of power

distribution equipment is 0.9. The annual energy consumption is calculated as follows:

8 E= (75293 kW x 365 x 24 x 0.7)/0.9 = 5,129,963.06 kWh, which is the denominator in the PUE calculation of the energy efficiency model.
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« Annual electricity price: The annual electricity price varies according to the
electricity price and policy environment in different regions, which is also an
important factor in the energy efficiency model. Assume that the annual average
electricity price of area 1 is CNYO0.5 per kWh and that of area 2 is CNY0.6 per
kWh. The annual electricity price difference between the two areas can reach
CNY51.3 million.




Energy Consumption of the Power Supply and
Distribution System

* PLF = ATS switching loss rate + LV power distribution system loss rate + UPS system loss rate + Power cable
loss rate

o The ATS switching loss, LV power distribution system loss, and power cable loss are small, which are basically the cable
metal voltage drop, cable contact point loss, and heat loss. The statistical data shows that the value ranges from 1% to
3%. The median value is 2%, that is, 0.02.

PLF = UPS system loss rate + 0.02

o In the DC design, the UPS system loss varies according to the UPS power supply solution.

Power cable
= [
‘ b A
[ wvssten [ ves [ rou [ see
- I P _
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Power Supply and Distribution Energy Consumption -
UPS System Loss (1)

* For details, see the (1+1) solutions of DC UPS actual power supply in ANSI/TIA-942-2017. The
UPS efficiency varies depending on the load rate in different configuration modes. The following
uses the (1+1) parallel system power supply solution as an example to discuss the loss rate of the
UPS system in a DC.

PLF = UPS system loss rate + 0.02
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Power Supply and Distribution Energy Consumption -
UPS System Loss (2)

Assume that the actual total power of IT loads such as servers in a DC is 1000 kW and there are 10 smart modules of 100 kW. Each smart module

is configured with two UPSs to form a ( 1+1) parallel system, and each UPS bears 50 kW load. The power supply time is set to 15 minutes based
on the standard power supply time of the DC.

@ In solution A, two 160 kVA UPSs of a certain model are used, and the output power factor is 0.9. The load rate is 34%, which is in the range of 25%-50%.
Use the digital interpolation method to calculate the UPS loss rate. The calculated result is H = 0.0877.

Solution A UPS efficiency table

Load Rate

25%

50%

75%

100%

Loss Rate-H

9.50%

7.48%

5.93%

7.63%

o In solution B, two 200 kVA UPSs of a certain model are used, and the output power factor is 0.9. The load rate is 27%, which is in the range of 25%-50%.
Use the digital interpolation method to calculate the UPS loss rate. The calculated result is H = 0.0937.

Solution B UPS efficiency table
Load Rate 0 25% 50% 75% 100%
Loss Rate-H - 9.63% 6.37% 5.88% 717%
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« The UPS efficiency tables of solution A and solution B are actually measured by
UPS manufacturer.

 Interpolation calculation:

= A: When the load rate is 34%, the UPS loss rate is in the range of 25%-50%,
H=(7.48%-9.50%)/(50%-25%) %X (34%-25%)+9.50% =8.77%

= B: When the load rate is 27%, the UPS loss rate is in the range of 25%-50%,
H=(6.37%-9.63%)/(50%-25%) %X (27%-25%)+9.63% =9.37%



Power Supply and Distribution Energy Consumption -
UPS System Loss (3)

* PLF = UPS system loss rate + 0.02
o Solution A (160 kVA, 1+1): PLF = ( UPS system loss rate + 0.02) X2 =0.216
o Solution B (200 kVA, 1+1): PLF = ( UPS system loss rate + 0.02) X2 = 0.228
* Therefore, in the 1+1 UPS power supply solution, the PLF change is only 0.006 due to the load rate of UPSs

with different capacities, which has little impact on the PUE. In addition, the following information must be
clarified:

o Compared with the configuration solution of two UPSs in this case, if one UPS is configured or the modular UPS solution
is used to improve the UPS load rate, the UPS system loss will be smaller.

o |If a large-capacity STS is installed on each UPS output bus, the PLF increases by 0.01-0.02.

o |If a power distribution output cabinet with an output isolation transformer is configured, the PLF increases by 0.03-0.05
each time a transformer is added to the power supply loop.

o This calculation model does not include the conversion efficiency of mains input, that is, the conversion loss of 35 kV/0.4
kV or 10 kV/0.4 kV is not included.
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Energy Consumption of the Cooling System

* The CLF focuses on the heat load in a DC. The main sources are shown in the figure on the right.

* Equipment heat loads: Q1 = Pirx n1 x n2 (kw) Personnel
heat
=@ n1is the number of systems in use at the same time, and n2 is the comprehensive coefficient. d:;‘;r:‘*’gg"
= Generally, the cooling capacity redundancy is considered. The value of n1 x n2 is 0.8. Suppleme Building
nted fresh structure
* Other heat loads: Q' = £ (Q2-Q5) = Q1 x 15% = Pirx nl1 x n2 x 15% lair:ﬂba; heaéLzoad
0a
= The heat loads (Q2, Q3, Q4, and Q5) except Q1 account for a small proportion of the cooling energy Lighting
heat load
consumption of the entire DC. The heat loads can be estimated based on 15% of the eguipment heat loads. Q3

* The power of IT equipment in a DC is 1000 kW and remains unchanged annually. The direct expansion (DX) cooling solution
and chilled water (CW) cooling solution are used for comparison. Assume that COP of the DX cooling solution is 3 and COP of
the CW cooling solution is 5.8.

@ DX cooling solution: CLP = Pox/Pir = (Q1 + Q2 + Q3 + Q4 + Q5)/COPox/Pir = (01 x N2 + N1 x N2 x 15%)/COPpx = 0.32
@  CW cooling solution: CLP = Pow/Pir = (Q1 + Q2 + Q3 + Q4 + Q5)/COPcw/Pir = (n1 x n2 + n1 x n2 x 20%)/COPcw = 0.166

* Therefore, in different cooling solutions with the same heat load, the CLF change in the PUE indicator is 0.154, which has a
great impact on the PUE.
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Q2 is 10% of the IT equipment load in the equipment room, and Q3 to Q5 is 5%
of the IT equipment load. Therefore, the load coefficient of Q2 to Q5 is 15%.




Quantitative Assessment Indicators of DC Energy
Efficiency

* Based on the preceding calculation results, the quantitative assessment indicators of DC energy efficiency can

be obtained. PUE
2 Solution 1 [UPS (160 kVA) + DX cooling] PUEcase 1 = 0.216+0.320+1=1.536 1.536 1,548
o Solution 2 [UPS (160 kVA) + CW cooling] PUEcase 2 = 0.216+0.166+1=1.382 / \

1382 1994

o Solution 3 [UPS (200 kVA) + DX cooling] PUEcase 3 = 0.228+0.320+1=1.548

o Solution 4 [UPS (200 kVA) + CW cooling] PUEcase 4 = 0.228+0.166+1=1.394

Solution1  Solution2  Solution3  Solution4

n this way, a DC with good design and operation can be obtained. When the cooling system is correctly
configured, the power supply and distribution system is stable, and the impact of fresh air units and office
energy consumption is not considered, the energy efficiency ratio should be less than 1.5. Based on the
configuration combination of different solutions and the balance between DC services and other assessment
models, an important basis is provided for subsequent DC design and implementation.
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Economic Model of Data Center Facilitiy

* The investment in Data Center Facilitiy is a considerable expenditure. The purpose of using the economic
model is to minimize risks and improve economic benefits. The economic model here is not a macro-
economic or micro-economic model, but a model for investment economic analysis and economic assessment
in DC projects. Based on model analysis and assessment, an optimal solution is selected from multiple
dimensions including comprehensive availability, energy efficiency, and other factors. It is an important basis
for making decisions on the DC site selection report and feasibility research report.

* The economic model tool is used to comprehensively analyze the cost and revenue of the DC.

Cost Revenue

9 || <=9
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Cost and Revenue (1)

* In the economic model of a DC, the total cost of ownership (TCO) is classified
into capital expenditure (CAPEX) and operating expense (OPEX).

TCO

CAPEX OPEX

33 Huawei Confidential g@ HUAWEI

Depreciation and amortization: Depreciation and amortization indicate that the
assets among the years of the production and operation periods are allocated to
account for the income tax payable and distributable revenues in the current
year.

Depreciation estimation: Annual depreciation = (Original value of fixed assets -
Estimated net residual value)/Depreciation period

Amortization estimation: Amortization refers to the allocation of one-time input
expenses such as intangible assets and deferred assets. The nature of
amortization is the same as that of depreciation of fixed assets. Annual
amortization = Expenses to be amortized/Valid period of use

Energy cost: Servers, LAN switches, and computer room air conditioners are
energy-consuming equipment. The energy load density of DCs is much higher
than that of common office buildings and factories. Therefore, energy cost is a
major part of the DC cost.

Manpower cost: DC personnel include information technology personnel and
technical management personnel. The number of personnel depends on the scale
of the project, the size of the information system, and the nature of the work.
The cost includes salaries, bonuses, benefits, and various insurances.

Training fees: Training includes professional training for technical personnel and
operation training for users, both of which require funds.

Equipment maintenance and update cost: The maintenance cost includes the cost
of computer consumables, machine maintenance, accessory replacement, and
purchase of small tools and software.




Cost and Revenue (2)

* Revenues in the economic model of a DC are relative to the operation mode of
the DC. According to operation modes, DCs are classified into commercial DCs
and self-used DCs.

Commercial DC - revenues Self-used DC - revenues

IT facility Efficiency Management
business improvement standardization

Cloud business
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Economic Assessment Methods for DCs (1)

* Based on the characteristics and operation modes of DCs, there are two
methods for economic analysis and assessment.

ROI for DCs
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Economic Assessment Methods for DCs (2)

* TCO for DCs

o The TCO is proposed by Gartner Group in 1987 to analyze the direct and indirect costs of
information technology or the entire lifecycle of a DC.

o A DC project is regarded as a service or product with a lifecycle. The cost (hardware, software,
energy consumption, and O&M management) of the entire lifecycle can be calculated based
on different planning solutions to obtain different TCO models. Then, a proper and minimum

solution can be selected.

Assessment Planning
o The TCO is used to calculate the cost of a DC. The revenues of the DC
and the impact of uncertainty in the future are not considered. Therefore, I \

Running Design

the TCO is not applicable to economic assessment of commercial DCs.

Construction
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Economic Assessment Methods for DCs (3)

* ROI for DCs

o Facing the huge market of commercial DCs, such as cloud service providers and hosting DCs, and the developed
management, the accounting of the ROI is becoming more and more refined. The ROI qualitative analysis is to
quantitatively analyze the profitability and development prospect of DCs. Based on the TCO, the ROI takes into account
the analysis and assessment of economic revenues and non-economic revenues.

o In the actual application, the ROI can use the static assessment indicators and dynamic assessment indicators based on
project characteristics.

o The static assessment indicator is a quick and common financial judgment method. The specific indicators include the
payback period and ROI. This course will focus on this part.

o The dynamic assessment indicator takes into account the time value of the fund and all the economic data in the whole
lifecycle of the project. The specific indicators include net present value, dynamic investment payback period, internal rate
of return, net present value method, and internal rate of return method.

Preparing 3

Summarizing and estimated Conducting Analyzing and coF::rfroerrzz::\S?ve
collating basic financial and financial analysis evaluating non- an:lysis S
data econ?,:sc(.vuy and assessment economic benefits acsasment
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ROI for DCs (1)

* The static assessment indicator is one of the simplest financial judgment methods, including the
payback period and ROI.

* The payback period is the time it takes for the cash flow of an investment project to be equal to
the initial investment of the project. The unit of the payback period is usually year. The shorter
the payback period, the higher the feasibility of the project, and this indicator is applicable to a
short-term recovery investment plan.

o Payback period Pt: the period required for the net income of the project in each year to equal to the
investments. C1: cash inflow

@ CO: cash outflow
Pt
D ey~ L) =0
t=0

3 Huawe Confidentil 2 HUAWEI

« The ROI for DCs can be classified into static assessment indicators and dynamic
assessment indicators.

= The static assessment indicator is one of the simplest financial judgment
methods.

= The dynamic assessment indicator takes into account the time value of the
fund and all the economic data in the whole lifecycle of the project. The
direct indicator includes the net present value.




ROI for DCs (2)

* The payback period can be calculated in two ways:

2 When the net revenue of each year is the same after the project is completed, the calculation formula is
as follows:

o |:ithe total amount of funds invested in the project, A:the net cash flow of each year, and the investment

recovery is completed in t year. P |
t= —
A

o When the net revenues of a project vary from year to year, the calculation formula is as follows:

- Absolute value of the accumulated net cash flow of the previous year
Pt = Year when the accumulated net cash flow starts to be positive - 1+ b s e previous

Net cash flow of the current year

The assessment standard is Pt < Pc, indicating that the project is feasible. Otherwise, this project
is infeasible. Pc is the expected payback period.

39 Huawei Confidential

2 HUAWEI

» Characteristics of the payback period: It features a clear and simple concept, and

can reflect the risk of the project. However, the economic data after the payback
period is not involved.



ROI for DCs (3)

* The ROl is an indicator of profitability. It is the ratio of the net income M of a
project in the normal production year to the total investment K.

M
E=—x100%
K

* The assessment standard is E > Ec, indicating that the project is feasible.
Otherwise, this project is infeasible. Ec is the benchmark value of the ROI.
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« Characteristics of the ROI: the economic data within the project cycle is not
involved.
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Site Selection Contributing to Availability

& © DC services are affected by locally natural and facility conditions. Therefore, external risks must be prevented during site
‘;c selection to minimize the probability of equipment failures.
* The external risks that affect DC availability include earthquakes, floods, hurricanes, power supply interruption, artificial

damages, and air pollution.

Natural risk Artificial risk
Earthquake Power supply interruption
» Although earthquakes are of low » The DC requires resources such as
probability, they cause electricity and water mains as well as

devastation to the DC. diesel fuel.

Flood i : Artificial damages
> Site selection without considering » Artificial damages, such as
locally geographical conditions and violent attacks, terrorist threats,
drainage systems may cause water and thefts bring various DC
leakage or flood damages. losses.
Hurricane Air pollution
» Hurricanes, typhoons, and tornadoes » Air pollution greatly shortens the
have the same impact on the DC as lifecycle of IT equipment.
earthquakes.
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Site Selection Contributing to Lowering down the TCO

Why

CAPEX |

TCO

|| Tax

+ DCsite selection determines the construction and
operating costs. An optimal DC site enables the customer
to achieve obvious economic benefits.

« In the site selection phase, investigate information about
the tax and manpower, bandwidth, and electricity costs,
and assess the TCO of each candidate site as the
essential decision-making basis.

43 Huawei Confidential

Equipment cost

1| Installation cost

|| Electricity cost
|| Broadband cost

|| Constructioncost |

|| O&M personnel cost |

m || Bandwi | ‘Natura | A |
Tax anPo || gth ||Electri.| 1 fice | Land
policy ot rer}tal price | coolin level price
|| price | g |
\ \

DC site selection assessment factors
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Importance of Site Selection Consultation

« Site selection is the initial phase of the DC lifecycle.
8 O Therefore, incorrect site selection will cause
@ increasing losses in the following phases of the

lifecycle.

Fy
Planning
= and

design

Integrated

implementatio,
n Operating ) ) ) ) )

*  Why not increasing investment by 20% in the site

selection phase to prevent 80% of losses?

DC lifecycle

+ DCsite selection affects costs, profits, service

continuity, and risks of a DC. To select a proper site, @% }w
experienced site selection consultants must perform o ﬁ @
objective analysis using scientific consultation A *

methods and professional site selection tools.
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Three Elements of Site Selection Consultation

« The site selection team, site selection method, and site selection tool are the three key elements of the site selection
consultation service.

« Consultation services are not delivered based on standardized operations, but largely depend on consultants' personal
capabilities.

+ Methods and tools are also important to make assessment results more scientific and objective.

What

Experienced consultation team

site HVAC, electrical, and extra low-
selection voltage (ELV) survey team

Site selection consultation
process and methods

Assessment standards of ) Site selection [§ Global climate database

site selection consultation equirements,
Other databases

selection ) selection Site selection consultation checklist
method tool

Assessment system of site
selection consultation
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International Standard - ANSI/TIA-942 (1)

1. The local utility company should be able to provide adequate
power to supply all initial and future power requirements for the
DC.

2. The site should not be located in a 100-year flood plain, near an
earthquake fault, on a hill subject to slide risk, or downstream

What

from a dam or water tower. Additionally there should be no
nearby sites that could create falling debris during an earthquake.

3. The site should not be in the flight path of any nearby airports.
The site should be no closer than 0.8 km (1/2 mile) from a
railroad or major interstate highway to minimize risk of chemical
spills.

5. The site should not be within 0.4 km (1/4 mile) of an airport, ‘
research lab, chemical plant, landfill, river, coastline, or dam.

6. The site should not be within 0.8 km (1/2 mile) of a military base.

Source: ANSI/TIA-942-2017
Telecommunications Infrastructure Standard for DCs
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International Standard - ANSI/TIA-942 (2)

What

47

7:

The site should not be within 1.6 km (1 mile) of nuclear,
munitions, or defense plants.

The site should not be located adjacent to a foreign
embassy.

The site should not be located in high danger and pollution
areas.

. The DC should be located below 3050 m (10,000 ft.)

elevation.

. Consideration should be given to zoning ordinances and

environmental laws governing land use, fuel storage, sound
generation, and hydrocarbon emissions that may restrict
fuel storage and generator operation.

Huawei Confidential

Source: ANSI/TIA-942-2017
Telecommunications Infrastructure Standard for
DCs
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DC Site Selection Assessment System (1)

Natural and geographical conditions

cility conditions

Surroundings

Network connectivity

Social resources

What

(Optional)

Public securi
ublic security Building structure

Business environment Cost factors

e Site 1

Market conditions

— SitE2

2 HUAWEI
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DC Site Selection Assessment System (2)

Natural and geographical conditions

Facility conditions

Earthquake...

Tornado/Typhoon/Hurri

Connecting to multiple substations

Road facilities...

Dust, oil fume, harmful gas...

Flat structure...

Construction materials...

Land price...

Electricity price...

Hosting service...

Virtual resource rental service...

Infrastructure service provider...

Crime rate...

Terrorist threat...

Social resources

Skill level...

Availability...

Network connectivity
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Backbone node or not...

Multi-operator link...
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How to Set Weights of Assessment Factors

+ Weights of factors in the assessment system are set based on customer's requirements. Do not apply the same factor

What

50

weight configuration to all projects.

« For example, the customer focuses on the availability, cost, and energy conservation of the DC in a project. Therefore, the

association between each factor in the assessment system and the three features must be analyzed. Higher score indicates

closer association, and then the weight of each assessment factor is obtained based on the score.

Association with Association with Costs and | Association with Energy
Availability Profits Conservation e Ui
Natural and geographical . .
condition High Low High 4 133
Facility condition High Medium High 5 16.7
Surroundings High Medium High 5 16.7
(Optional) Bullding Medium Low Medium 2 6.7
structure
Cost factor Low High Low 2 6.7
Market condition Low High Low 2 6.7
B environment Medium High Low 3 9.9
Public security High Low Low 2 6.7
Social resource Low High Low 2 6.7
Network connectivity High Medium Low 3 9.9

Huawei Confidential

Correlation: High, medium, and low
Score: High = 2, medium =1, low =0
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Site Selection Factor - Natural and Geographical
Conditions (1)

* A DC must be located in areas with less natural disasters, such as earthquakes, typhoons, and floods, to

avoid devastation to the DC.

* A DCshould be located in cold and dry areas to minimize energy consumption.

What

Earthquake

2 HUAWEI
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Site Selection Factor - Natural and Geographical

Conditions (2)

Natural Condition
e [ Assessment Standard
The site should be far away from seismic belts.
According to the global seismic hazard map, the site should be located in areas where the seismic hazard
B Earthquake degree is less than 4.0.
é The site should be far away from volcanoes.
The site should be far away from sites that could create falling debris during an earthquake
The site should be far away from areas where floods or tsunamis ever occurred within last 100 years.
Flood and tsunami According to the global floed hazard distribution, the site should be located in areas where the flood
hazard frequency is below 1st to 4th deciles, that is, the site is located in the white areas.
Mudflow The site should be far away from a hill subject to slide risk, or downstream from a dam or water tower.
Hurricane, typhoon, and The site should be located in areas where the Saffir-Simpson hurricane intensity scale (SSHS) level is
tornado lower than SS51.
Altitude The site should be located below 3050 m (10,000 ft.) elevation.
Climate The site should be located in areas where the annual average temperature is below 20°C to achieve
energy conservation using natural cooling sources.
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Reference Data of Other Natural Conditions

« Besides earthquakes, other natural disasters, such as hurricanes, mudflows, and tsunamis, must be considered. A DC should
be far away from areas where these natural disasters are frequent.
+ In addition, climate conditions must be prioritized during DC site selection.

Tsunami- -

What

Hurricane

2 HUAWEI
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Site Selection Factor - Facilities (1)

+ DC's requirements for local power supply capability depend on the DC service characteristics, quality, and capacity. The
power supply must be stable and sufficient.
« The power quality affects DC operating. Frequent power outage, harmonic interference, and voltage peak may cause DC

equipment failures
* The power cost accounts for over 50% of the total DC operating cost, and therefore the mains price is important for DC

site selection.
« To ensure reliable DC operating and reduce the OPEX, a DC should be located in areas with sufficient and stable power

supply, as well as low power cost.

Residontial Average Price
(Cents per kWh)

5.00 10 6.89
[ 690t07.65

iy [ 76610820
Joe [ e300 10.19
i [ 102010 16.73

Source: Energy Information Administration, Form EIA-861, “Annual Electric Power Industry Report.*
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Site Selection Factor - Facilities (2)

+ Besides power supply facilities, infrastructure such as water, road, and drainage facilities must be included in the DC site

selection plan. Lack of any preceding facilities may cause problems in the maintenance phase.

® Facility
-é Assessment Assessment Standard
Factor
The site should be located in areas where power is
< sufficient and can be obtained from two or more
Mains bstati
introduction SLRIa o, g 7 :
The power supply is not rationed even in peak hours in
summer.
Road facilities Therg are more than two separate roads routed through
the site.
Water supply Water supply is sufficient.
assurance
Diesel fuel supply | The site should be within 20 km of diesel stations
Drainage facilities| Water leakage should be prevented in rainy days.
55 Huawei Confidential
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Site Selection Factor - Surroundings (1)

« Air pollution, electromagnetic interference (EMI), and flammable and explosive objects are key elements to be focused in

Flammable and explosive
jects

the surroundings of a DC.

What

* Hazard materials such as particles

+  Severe EMI affects internal + A DCshould be far away from
and sulfur in the air corrode communications of the DC. It is factories and plants manufacturing
equipment in the DC, which result recommended that a DC be or storing flammable and explosive
in equipment failures and shorten located in a MICE M, 1,CE, objects.
the equipment service life. environment (according to
Therefore, air quality is a key ANSI/TIA-568-C.0).

element for site selection.
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Site Selection Factor - Surroundings (2)

Ambient Environment
Assessment Factor

Assessment Standard

The air corrosiveness of the DC surroundings should meet the G1-level requirements specified in ANSI/ISA-
71.04.

The air cleanliness of the DC surroundings should meet the level-8 requirements specified in ISO 14644-1.

Air pollution The site should be far away from a heavily polluted source, such as a chemical plant, power station, coal mine,
or electroplate factory.

The site should be no closer than 0.8 km (1/2 mile) from a railroad or major interstate highway to minimize
risk of chemical spills.

What

Factory with explosive

A The site should not be within 1.6 km (1 mile) of nuclear, munitions, or defense plants.
materials

EMI It is recommended that a DC be located in a MICE M,1,C,E; environment (according to ANSI/TIA-568-C.0).

The site should not be in the flight path of any nearby airports.

The site should not be within 0.4 km (1/4 mile) of an airport, research lab, chemical plant, landfill, river,
Other risky factors coastline, or dam.

The site should not be within 0.8 km (1/2 mile) of a military base.

The site should not be located adjacent to a foreign embassy.
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Site Selection Factor - Surroundings (3)

Air particle

0 5 10 15 20 50 80
Sateliite-Derived PM , . [ug/m?)

2 HUAWEI
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Site Selection Factor - Building Structure

+ Compared with commercial buildings, DC buildings have requirements on the story height, bearing capacity, span, and

materials.
‘(_6 _ETY W
=
=
Large-span steel buildings are more suitable for
DC equipment rooms.
59 Huawei Confidential

Large-span buildings are recommended to facilitate
equipment arrangement.

The bearing capacity of the building should meet
requirements of the TIA-942 standards.

If a DC is located on the top floor of a multi-tenant building,
sufficient vertical shaft and pipeline space should be reserved
for power cables, ground cables, and air conditioners.

The building should meet the bearing requirements of
equipment.

Building materials should be incombustible. The external wall
should be constructed using concrete or ashlar masonry to
ensure safety.
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Site Selection Factor - Costs (1)

What

60

Site selection affects the DC operating costs. Therefore, during site selection, consider impact of the land price, electricity

price, broadband cost, manpower cost, and tax on the TCO.
The electricity cost occupies a high proportion of the total cost. The mains prices outside China are provided in the

following slide for reference. The land price and manpower cost must be surveyed locally.

Revenue

A

LO: land and buildings
supply equipment

and software systems
L3: service systems

L1: racks, air conditioners, and power
L2: servers, storage, security, networks,
Others: integration and deployment

cost, manpower cost, and
\ transportation cost

Electricity price * Value-added services

+ Cloud services: cloud host, hard disk, and storage revenues

« Traditional services: equipment room and equipment rental,
bandwidth, and IP revenues

Bandwidth rental
cast Forecast

O&M management

cost

Sales cost
Tax cost
Other costs

* Product leasing rate
+ Tax rate and discount rate
« Sales strategy

* Product pricing
* Product pattern
* Product tariff package

24

Huawei Confidential

ROI = TCO + Revenue = CAPEX + OPEX + Revenue
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Site Selection Factor - Costs (2)

Table 5.6.A. Average Retail Price of Electricity to Ultimate Customers by End-Use Sector, ici i
sy D i3 3012 S Global electricity prices

What

EREREESEERERRE

12
0. I
13
' 5
5.
5. 5.69) 5.
2 621 0.
7. 7 46] 9.
6. 653} 6.
0. 7 7.29)
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Source:
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Site Selection Factor - Market Conditions (1)

* Besides cost factors, local market conditions affect DC profits.

* A survey on the local market conditions of various DC services is required to predict the market

growth rate.

What

o Market conditions of the hosting service
@ Market conditions of the virtual resource rental service
= Market conditions of value-added cloud services

= Market conditions of other cloud services

TCO
[ 1

[ 1
[ CAPEX | [ OPEX | [ Forecast | [ Design

l

ROI = TCO + Revenue = CAPEX + OPEX + Revenue
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Site Selection Factor - Market Conditions (2)

* Market requirement analysis

DC status Future requirements
/" Infrastructure N\ f \
0O Area and equipment 2 o <
Enterprise status room idleness rate Investment estimation (time

and expected scale)
Expected investment field (for
production or DR)
Outsourcing probability
Reason for outsourcing or not
Factors for selecting an
outsourcing supplier:

s hardware conditions, service
b ‘::‘llecrr::ruction time level, quality certification, and

O Construction mode (self- Qa"d awareness
built or outsourcing) ) /

& O Investment scale

O Equipment room level
0O Total rated power
O Telecom operator

connection status
+ DC application + ’
0 Purpose (for production

or DR)

Industry
Area
Enterprise scale
(employee quantity)
Main service

Service scale (or data
scale)

.

What

.

Survey content

Survey conclusion ’

h 4

v
Requirement scale, e and Customer group analysis Required product and price
purpose analysis
Local geographical conditions and policy advantages
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Site Selection Factor - Market Conditions (3)

« The costs and market conditions are analyzed to estimate the ROI of the project. The following describes a typical ROI

analysis model for reference.

What

Key financial

indicators

« NPV

« Gross profit margin
« IRR

2 HuawEl
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Site Selection Factor - Business Environment

+ DGs are not isolated, and must be located in areas with suitable business environments.
« To select a site, investigate local IT service providers, infrastructure service providers, security services,

property rental resources, living facilities, and transportation resources.

@ Transportation

A
o S
>

Infrastructure service
provider

What

IT service provider

2 HUAWEI
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Site Selection Factor - Network Connectivity

* Network connectivity determines the DC reliability. To ensure smooth DC data output, a DC should be
located in areas with network coverage of multiple operators.

+ The network bandwidth affects the customer experience. The output bandwidth of existing IDCs is
generally 100 Gbit/s or above, and the bandwidth requirements will be increased gradually.

e "¢

What
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Site Selection Consultation Service Process (1)

* The service process of DC site selection consultation varies with projects.
However, the service process mainly includes the following three phases

based on summarized site selection consultation experience:

* Preparation phase: Understand requirements and formulate plans.
2
' Research phase: Perform survey and research and collect information.

* Analysis phase: Analyze and output assessment results.
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Site Selection Consultation Service Process (2)

Input Preparation phase Research phase Analysis phase
+ Candidate site Requirement

understanding and

* Service planning clarification

] Assessment system
] determination based on
<] business requirements
a | Site selection plan formulation/* {
5 Site selection team Site survey Ssurrounding survey
2 E establishment (
:% = —Nimm
2 geographical data
° collection PUE analysis and
e Municipal condition estimation y- .
research y . " High-
TCO analysis and Overall level
Service development ‘ ‘ comparison analysis/ pnet_senta
research N L. o ‘
[ R A Risk recognizing and
] assessment
g
]
o]

Site selection Candidate site d Site selection
checklist assessment table /| assessment report
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Service Contents in the Preparation Phase

Fully understand service requirements, formulate site selection assessment systems and plans, and assign

How

task owners.

Requirement
understanding and
dlrifcation

Get familiar with customer's services
and (IDC) development plans:
Project budget

Potential user groups and user

requirements

Project business mode

PUE of the existing IDC

Operating difficulties of the existing
IDC

-/
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Assessment system
determination

Determine the site selection assessment
system that meets customer’s
requirements:

Natural and geographical conditions

Facility conditions

Surroundings

Cost factors

Market conditions

Site selection plan
formulation/Site selection
team establishment

Formulate the site selection
consultation plan, prepare required
resources, and assign responsible
personnel:

* Organization of the team for site
selection consultation

« Site selection implementation plan
« Consultation tool preparations

y.
v
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Service Contents in the Research Phase

+ Perform survey and research on candidate sites against the checklist based on requirements of the project

assessment system.

Site survey

Investigate local conditions and

surroundings of the candidate site:

Location and geography

How

Ground resistance, load-bearing
capability, and water quality

Transportation, mains, drainage, and
broadband
Air pollution, noise, and EMI

Natural cooling source

70 Huawei Confidential

Social research

Get familiar with information about
local policies, prices, and social
resources:

+ Land price

» Prices of the mains, water, fuel, and
natural gas

Tax policy

IDC market conditions

Business environment r

Data collection

Collect climate data and historical data

of natural disasters:

Detailed climate data
Sunshine data
Historical data of natural disasters,

such as earthquakes, floods, and

%

~

hurricanes

Crime rate
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Service Contents in the Analysis Phase

* Analyze the survey and research data, score candidate sites, and output the assessment report to support
decision making on DC site selection.

PUE analysis and TCO analysis and Risk recognizing and
estimation comparison assessment
3 Analyze factors impacting PUE and PUE Analyze the CAPEX and OPEX of Recognize potential risks of candidate sites
g comparison results of each candidate site,  candidate sites and select a candidate and select a candidate site with minimal
and select a candidate site with the site with the optimal TCO: risks during the construction and operating
optimal PUE status: « CAPEX comparison for candidate sites phases:
« Climate comparison for candidate sites « OPEX comparison for candidate sites « Damage risks caused by natural disasters
- Impact of local climate conditions on + Equipment failure risks caused by air
the PUE pollution
« PUE analysis and comparison \ « Tier-level recommendations

Risks T 2%

L g
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Deliverable of the Site Selection Consultation

How

72
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Site Selection Consultation Report

Deliverable

LR LV STy
XXX Data Center

Site Selection Consultation Report

1 Overview
1.1 Scope of the Site Selecti

1.2 Values of Site Selecti Vi

L3

2 Service Process

21¢C

2.2 Service Process of Site Selecti

221 Pl

222 h Ph

22, ly h

3 Methods of Site Selection Consultation .
31

3

3.3 Criteria for Site SEleCtOn.........cocuusrrmrrrecosrrimsesssssisnnns -
33.1 1 and i iti

3.3.2 Assessment Criteria for Facility Conditions ...........
33 Criteria for

3.3.4 Assessment Criteria for Building Structure ..............
3.3.5 Assessment Criteria for COSIS ...........uuummmmmrsississs =
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Principles and Contents of Feasibility Research

+ Customer requirements differ, but the principles for DC project planning are almost the same.

>

=

= Regulation Scalability

Law, regulation, industry Flexible expansion, horizontal and
5“’:“""« and security vertical capacity expansion based
requirement compliance on service requirements...
. . LETELTIN Y
Availability
Resource capacity,
redundancy, backup, multiple
routes, 7 x 24 x 365... Economy
Energy conservation, environment
friendliness, automatic running,
centralized control..
Function
Space design, functional area setting,
service process compliance, flexible
combination... Serwceabll'ty Serviceability
Controllability, facility
monitoring, IT monitoring,

operation services...
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Feasibility Research Plan Formulation

+ Feasibility research plan formulation: project progress and work breakdown of feasibility research consultation services

Project Preparation Project Delivery I
W-2 W-1 | W1 W2 W3 W4 W5 W6 W7 w8 W9 W10 w11 W12
>
|
roitioan ST RRAE o |
|
| Key project activities | |
:L Executive seminar . Project resource } 1. Customer resource . Onsite survey 1. Requirement analysis Preliminary solution 1. Feasibility research |
2. Projectprinciple " P nand - cystomerinterview 2. Long-termobjective CISi I, 18pOIL presetaton
: and direction 1. Project team : confirmation s h C ation and suggestions; alnd‘ to executives :
| C | 2. Project kick-off a':\gmecg;ﬁﬁgc( confirmation anayss 5 Final report |
I pomelol g e el o Bl Saton comer o . Gaparabss * ST s
| 3. Research material sales type, and || ot " 7
K -ation | preparati O&M situation) 4. ;rsell‘mmary analysis confirmation :
14. LG ation dnd Key problem discussiol i. Report drafting |
| S(hedlﬂek s derffmiﬂitm" of Ikhe and clarification Feasibility research |
| ‘communication project scope Customer e : report presentation tc |
5 xpectation :
: 5. Project directiotr;y % Rlequirement reseJchh research middle-layer leaders :
planc
| the management 5. Definition of the ! |
| layer feasibility resear+ |
|‘ plan | !
P i
:M : R h resul objectives confirmed ||+ Consultationreport ||, c; oy feasibility }
5 e A t ¢

| Principle and  Project plan | Project kick-off 2emie il by customers draft review report (presentation
direction meeting « Research report ipresiiation to t tives) l
| | « Consultation report middle-layer leaders) || ' X! |
| ! draft |
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Requirement Research

76

Based on different interviewees, formulate appropriate questionnaires to quickly and effectively learn

customer status and requirements.
The customer interview is a cyclic iteration process and the PDCA method is adopted.

Customer executives

| General manager
Strategy and vision

Questionnaire
+
et | Head of the Division

Positioning and objective

Chamber manager

Questionnaire

+ ~ Business planning,
Group discussion requirements, and situations
+ r
Interview Key employees ‘ Key staff A

2 HUAWEI
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Customer Interview Methods
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Feasibility Research Service Contents

c ] =)
28 SRR |
S5 y ™ [y g
| s b
o
<°' S *® Building DC = Prefabricated DC = Warehouse DC = Container DC

What

scheme estimation assessment

* Environment and building structure « CAPEX estimation

+ Financial assessment

planning + OPEX estimation
« Construction standard planning . TCO estir:mil;n + Social benefit assessment
* Electrical system planning
* HVAC system planning [esTr—

1LE f

W oww ws e v

Milestones Risk analysis
* Three phases: preparation phase, research * Risk analysis: Market analysis, technical risks, and
phase, and analysis and validation phase project construction risks
» Countermeasures

2 HUAWEI
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Feasibility Research Construction Scheme - Construction
Standard Determination (1)

Reference design standards A .
International North American
standards standards

o ASHRAE TC 9.9 GB 50114 ISO/IEC IS 11801 EIA/TIA-568A/B/C
g = —
= ndustry —
guidance
Uptime Institute Product EIA/TIA-942

International
standards
CENELEC EN 50173

0 documentatio =
1 @ n

corn I- -

2 HUAWEI
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Feasibility Research Construction Scheme - Construction
Standard Determination (2)

Power Supply System

Construction Standards

External mains supply

Two independent power supplies

Transformer

What

1+1

HV power distribution
system

1+1

LV power distribution
system

1+1

HV generator set

N+X

UPS system

2N dual-bus system

Battery backup time

Backup duration of each UPS 2 30 min
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Feasibility Research Construction Scheme - Construction

Standard Determination (3)

Refrigeration System

Construction Standards

Natural cooling source

Adopted

What

Continuous coolin Based on IT equipment requirements, consider whether to use
9 continuous cooling for all IT equipment or some IT equipment.

Cooling equipment
configuration

N+X redundancy (X = 1 to N)

Cooling pipes

Consider system reliability and redundancy.

Cabinet layout

Layout of cold and hot aisles

Air conditioner in the
equipment room mode in each

N+X redundancy (X = 1 to N). Xair conditioners work in redundancy

air conditioning area in the computer room.

Water storage

Water assurance based on independent dual-municipal water or stored

water
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Feasibility Research Construction Scheme - HVAC System
Architecture Determination

. Plenum e [
T b temperature senor
c
i5k
€ 3
I 2 g
© 2 E
= o
5 £
v B wn
g £ 3 =
g ® Chilled water + plate heat
c exchanger
h=] =
o =
3 S =]
> B — —
L o
S O — =
= - = %
§ Cabinet-level liquid Equipment room-level  Partial liquid cooling of a cabinet (gas
cooling liquid cooling and liquid combination)
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Feasibility Research Construction Scheme - CFD
Simulation for Solution Selection

Method 1: T,

> 4 Method 2:
Wlthqut aisle l With aisle
containment containment

What

+ Without aisle containment: The temperature at certain areas is close to 40°C, causing a high temperature only in some
areas and unbalanced temperature fields in areas outside the positions for installing cabinets in an equipment room.

+ Aisle containment: The temperature in the entire equipment room is not higher than 26.6° C. The temperature field is
relatively balanced for areas outside the positions for installing cabinets in the equipment room.

2 HUAWEI
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Feasibility Research Construction Scheme - Energy Saving

Scheme

* E2E energy-saving design for DCs:

o T system energy saving: Energy is saved from the

beginning, involving use of low-power consumption
chips, virtualization/distributed technology, and load

balancing management

What

o Power distribution system energy saving: With
reliability ensured, improve the power distribution
efficiency to reduce the power consumption

o Refrigerating system energy saving: Involve airflow
distribution design and use of the efficient
refrigerating system and free cooling.

o Cabinet system energy saving: Ensure reasonable
distribution of high- and low-density cabinets,
cold/hot-aisle containment system, and precise air

supply.

84 Huawei Confidential

* Precise equipment
load management
chip design

IT equipment

innovation (server,

storage and network
security)

Airflow organization optimization
Efficient air conditioner

Fresh air energy-saving technology
Liquid-cooling heat-dissipation
solution

High-density cooling solution

Ice storage solution

* Green
energy

Power
conversion,
transmission,
and distribution

equipment
load

Efficient and modular UPS
system Energy Intelligent lighting
HVDC saving system

HV diesel generator (DG) measures Waste heat recovery
power supply system Modular solution
Renewable energy utilization Container solution
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Feasibility Research Consultation Service - Delivery
Process

Theme technologies and solutions are discussed by a hierarchical organization from the lower level to the
top level on a workshop. In addition, an agreement is reached, indicating that deliverable delivery is

e .. S—— .
A — - N\,
« Information collection || * F@ “Fea research solution " T ) (2 Feasibil
i presentation to middle- presentation to middle- report presentation easibility
Requirements survey layer leaders (1) | layer leaders (2) to executives research report

| t

3 [ Bugiﬁ: | Task understanding and
o planning clarification LR
L " o
o Business pla Feasibility 'plan Onsite survey
- formulation__, Municipal condition - Requirement analysis
research eq y,, _
Consultation | Construction scheme
process Project planning
| Investment estimation
Conclusion and
suggestion f

Deliverable
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Feasibility Research Construction Scheme - Electrical
System Planning

How

86

Based on business requirements and IT planning, determine the power

Electrical load
calculation

load of each system:

Calculate the IT equipment loads.

conditioner and electrical equipment.

Determine the capacity of the mains supply.

Key technology analysis

and system selection

architecture and key equipment models:

Based on service requirements, determine the power supply system

+ Architecture of the power distribution system - Tier Iil/Tier IV system

Calculate engine equipment loads, such as loads and loss of the air

architecture design

+ Model selection and analysis on advantages and disadvantages of

technical solutions for the key equipment, such as the DG, transformer,

UPS, and power distribution cabinet

Deman Load Requirement
Rated d P | o S
No. Equipment Load Coeffici PF
(kw) o (kw) | (kvar) | (kVA)
1 |ITload 4800 1.00 0.95 | 4800.0 | 1577.7 | 5052.6
2 | Chiller 1965 0.67 0.80 | 1316.6 | 987.4 |1645.7
3 | Water pump and 930 | 067 | 095 | 6231 | 2008 | 6559
cooling tower
Air conditioner in the
4 electricity room 40 0.70 0.95 28.0 9.2 295
5 | Battery charging 533.2 0.90 095 | 479.9 | 157.7 | 505.1
6 | UPS loss 418.4 0.90 095 | 376.6 | 123.8 | 396.4

Huawei Confidential
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Feasibility Research Construction Scheme - HVAC System
Planning

Calculation of air Key technology analysis
« Based on business requirements and IT planning, * Based on service requirements, determine the air conditioning
determine the power load of each system: system architecture and key equipment models:
@ Calculate the IT equipment loads. = Architecture of the air conditioning system - Tier Ill/Tier IV system
= (Calculate the loads of electrical equipment, such as architecture design/cooling source selection analysis
the UPS. = Model selection and analysis on advantages and disadvantages of the
Y ] g
@ (Calculate the water amount. technical solutions for key equipment, such as the chiller, air conditioner,

How

and water pump.

Heavy-colored areas refer to areas where
mechanical cooling sources are used with
restrictions.
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Feasibility Research - Risk Analysis

* The risk identify and quantum (RIQ) model helps identify potential market risks, technical risks, and project construction

risks to minimize the impact of the negative factors.

« The RIQ, a risk identification and quantification model, is used to identify project risks and calculate project loss caused by

risks. Large Quadrant Il Quadrant |
Market risk analysis ] Occurrence probability: high Occurrence probability: high
c
2
% Z | Risk loss: small Risk loss: large
8 g3 Quadrant 111 Quadrant IV
= i & Occurrence probability: low Occurrence probability: low
Technical risk o
analysis Risk loss: small Risk loss: large
Small
Small Loss Large
Qua:lran Importance Measure
Project construction | High Disassemble high risks by key step.
risk analysis 1] Relatively low | Develop measures for reducing the risk occurrence probability.
1l Low Extract the risk contingency.
\" Relatively high | Develop the alternative emergency measures and solution.
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Feasibility Research Consultation Service - Deliverable

How

89
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Feasibility Consultation Service
Deliverable

S i

XXX Data Center

Feasibility Consulting Report
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Summary

DC Planning Process

DC Assessment Models
o Reliability Model
o Energy Efficiency Model

8 Economic Model

Site Selection Report

Feasibility Research
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1k

of the following items are indispensable?
A. Site Selection Report

B. Feasibility Research

C. Operating environment analysis

D. Business model analysis

Huawei Confidential

(Multiple choice)In the consulting and planning stage of a new data center, some
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Overview of Data Center Power
Distribution System Planning and Design
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Foreword

* The slides describe the planning and design of the power distribution
system in a data center. Some executable standard steps and key decisions

made in these steps can simplify and shorten the planning process and
improve the planning quality.
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Objectives

On completion of this course, you will be able to:

o Describe the planning and design process of the data center power distribution

system.
o Master the procedure for planning the data center power distribution system.

@ Describe the composition of the data center power distribution system.
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Contents

1. Planning and Design Introduction
2. Planning Composition

3. Design Composition
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Overview of Power Distribution System Planning and Design

* Planning is at the initial phase of the entire data center project and lays a foundation for
subsequent work.

* In the planning phase, the requirements of the customer (party A) for the new data center
are clarified, such as the data center type, total capacity, power density of each cabinet, and
data center tier.

* In the design phase, specific design is performed based on the input in the planning phase.

- Power distribution system solution design

- Power distribution system requirement
- Preliminary design of the power distribution

analysis
- Power distribution system capacity

statistics

system
- Power distribution system construction

drawing design

2 HUAWEI
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 In the planning phase, the customer's requirements are logically presented in
documents using scientific methods and steps. The documents are transferred to
the design company. Then the design company performs specific design
according to the requirements.



Planning Procedure

* Power distribution system requirement analysis
@ Data center tier (requirements for the power distribution system)
@ Power density
@ Qverall capacity planning
@ Data center power usage effectiveness (PUE)
* Power distribution system capacity statistics

o Based on the previous requirement analysis input, calculate current and future load

requirements as the input of the design phase.

Hoawel Confdential &2 HuAWE|

» Power distribution system requirement analysis:

= Data center tier: specified by the customer and determines the reliability
level of a data center.

= Power density: specified by the customer and determines the power
distribution system capacity.

= Capacity planning: The capacity planning of the power distribution system is
output based on the customer's IT load capacity. You need to consider how
to meet the customer's current and future requirements by reasonable
planning.

= PUE: specified by the customer and determines the selection of core devices
(mainly the UPS) in the power distribution system. The PUE mainly
determines the cooling system.

« Power distribution system capacity statistics:

= Collect statistics on the current and future load requirements based on the
power density input and power load (mainly the load of the cooling
system) of the customer, and use the statistics as the input for the design
phase.




Design Procedure

* Power distribution system solution design

o Based on the previous power distribution capacity statistics and requirement analysis, design the
power distribution system architecture and the plane of the main equipment, and output the main

equipment list and solution description of the power distribution system.
* Preliminary design of the power distribution system

o Use the previous power distribution system solution design as the input to design the overall layout

of the power distribution system, and output the material list and technical proposal of the power
distribution system.

* Power distribution system construction drawing design

o Use the preliminary design of the power distribution system as the input to output the bill of
quantities (BOQ) and the detailed installation diagram of the power distribution system.

6 Huawei Confidential
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« This course describes the power distribution system solution design, focusing on
the power distribution system architecture design, main equipment list, and
power distribution solution description.




Precautions for Planning and Design

* Pay attention to the following in the planning and design process:

@ Separating solution design and detailed design

= |n the early phase of the design process, pay special attention to the following: Ensure that there
is consensus on the most important functions of a data center and their costs and do not invest
time and efforts in handling detailed design and specifications. In the early phase, properly plan

the performance, cost, scale, location, and timing of a data center involved in the project.

o Separating key project specifications and user preferences and restrictions

= During early planning, focus on reaching consensus on specifications such as data center tier
and power density, and delay processing user preferences and most of the restrictions to
efficiently decide system concepts.

7 Huawe Confidentil &2 HuAWE|

« Separating system concepts and detailed design: Determine system concepts
before generating detailed technical specifications, performing detailed design, or
discussing various user preferences or requirements. This can bring high
efficiency. If performance or cost issues occur after the start of the detailed
design, the basic system concept may change, resulting in a large amount of
rework and project delay. In the early phase of the design process, pay special
attention to the following: Ensure that there is consensus on the most important
functions of a data center and their costs and do not invest time and efforts in
handling detailed design and specifications. When the system concept is to be
determined, high-level decision makers need to determine the macro objectives
and properly plan the performance, cost, scale, location, and timing of a data
center involved in the project. If stakeholders do not understand the features or
costs of the basic design before the detailed design starts, problems may occur in
the later phase of the process. This method aims to avoid such problems that are
frequently encountered.

« Separating key project specifications and user preferences and restrictions: We
found that some macro key project specifications are necessary and can support
the selection of system concepts. We found that some key specifications, such as
power density and expansion plan, were not clearly defined and the
quantification method was unclear. During early planning, focus on reaching
consensus on specifications and delay processing user preferences and most of
the restrictions to efficiently decide system concepts. This ensures that high-level
decision makers focus on making the most important decisions, rather than
getting stuck in discussions about details.
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Overall Function Requirements for the Power Distribution System

* Uptime Tier IV data center (corresponding to TIA Tier 4 data center): must meet the
requirements for fault tolerance (one fault) and online maintenance. The power
supply and distribution system must meet the requirements for active-active power
supply and distribution routes. The two power supply and distribution routes must
meet the fault isolation requirements.

» Uptime Tier III data center (corresponding to TIA Tier 3 data center): must meet the
requirements for planned online maintenance. The requirements for active-standby
power supply and distribution routes must be met.

» Uptime Tier II data center: must meet the requirements for redundancy backup.

* Uptime Tier I data center: only needs to meet the requirements for device running.

9 Huawe Confidentia 2 HUAWEI

Uptime Tier IV data center: In terms of fault tolerance, only one fault can be
tolerated. In terms of fault isolation, physical fault isolation is required. For
example, two routes cannot be routed together, but must be physically isolated.
In addition, the distance between the two routes must meet certain
requirements, and threats such as fire must be considered.

Uptime Tier I data center: Requirement for planned online maintenance must
be met. At least active-standby power supply and distribution routes are required.
In most cases, both routes are active.

Uptime Tier II data center: Requirements for redundancy backup must be met.
For example, for the UPS, diesel generators (DG) are redundant, but one single
point of failure still occurs on the power supply route.

Uptime Tier I data center: There is no redundancy.

The redundancy mentioned here is device redundancy, rather than module
redundancy in a modular UPS.




Specific Requirements for Uptime (1)

e Tier I: basic data center infrastructure Example of the power distribution solution
for an Uptime Tier | data center

* Basic requirements: _— o

@ An Uptime Tier I basic data center has non- = 57
redundant capacity components and a single non- m)

redundant power distribution route to serve the I
Maintenance

)]

critical environment. The infrastructure of an ' bypass
Uptime Tier I data center includes dedicated space ] E
for IT systems, UPSs, cooling equipment, and engine - ‘;’
)
generators.
o Onsite fuel reserve should support 12-hour “

operation of engine generators.

10 Huawel Confidentil 2 HUAWEI

» Operation effects:

= A data center is prone to interruption during planned and unplanned
activities. Misoperations (man-made) on the infrastructure may cause
interruption of a data center.

= Unexpected interruptions or failures of any capacity systems, capacity
components, or distribution components will affect the critical environment.

= The data center infrastructure must be completely shut down every year to
ensure that necessary preventive maintenance and repair work can be
performed safely. If an emergency occurs, the infrastructure may need to be
shut down more frequently. If maintenance is not performed on a regular
basis, the risk of unexpected interruption is greatly increased.




Specific Requirements for Uptime (2)

Example of the power distribution

* Tier II: redundant capacity components for the solution for an Uptime Tier II data center

data center infrastructure K D6
@)

* Basic requirements: e s O
o An Uptime Tier II data center has redundant “i—q

capacity components and a single non-redundant

& &
power distribution route to serve the critical ?) ?)
environment. Redundant components include uPs A uPs B

300kwW 300kwW
additional UPSs, cooling equipment, and engine
>

Maintenance

Lo - == = = = ==

Y bypass
generators.
o Onsite fuel reserve should support 12-hour “
operation of N engine generators.
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» Operation effects:

= A data center is prone to interruption during planned and unplanned
activities. Misoperations (man-made) on the infrastructure may cause
interruption of a data center.

= Unexpected capacity component failures may affect the critical
environment. Unexpected interruptions or failures of any capacity systems
or distribution components will affect the critical environment.

= The data center infrastructure must be completely shut down every year to
ensure that necessary preventive maintenance and repair work can be
performed safely. If an emergency occurs, the infrastructure may need to be
shut down more frequently. If maintenance is not performed on a regular
basis, the risk of unexpected interruption is greatly increased.




Specific Requirements for Uptime (3)

* Tier II: concurrently maintainable data center

Example of the power distribution solution
for an Uptime Tier [I data center

infrastructure Mains A Mains B
. . 5 5 DG
* Basic requirements: A; * r TA) :

. intai _,_1_ 5
Data centers that can be concurrently maintained have e
redundant capacity components and multiple independent " T [
power distribution routes to serve critical systems. At any -
time, only one power distribution route is required to serve
the critical environment.

1 I I
] . )
AILIT devices use dual power supplies and are properly UPS 1 upsz UPS 3
R R . 150KW 150KW 1S0KW
installed to be compatible with the data center
architecture topology. If the critical environment does not

meet this specification, a transmission device such as a PDF 2 ‘

switch must be used.

Onsite fuel reserve should support 12-hour operation of N

engine generators. Load 6

Huawel Confidential &2 HUAWEI

» Operation effects:

o

A data center is prone to interruption during planned and unplanned
activities. Misoperations (man-made) on the infrastructure components
may cause interruption of a data center.

Unexpected interruptions or failures of any capacity systems will affect the
critical environment.

Unexpected interruptions or failures of any capacity components or power
distribution route components may affect the critical environment.

Planned infrastructure maintenance can be accomplished by using
redundant capacity components and power distribution routes to continue
safe operation on other devices.

During maintenance activities, the risk of interruption may increase.




Specific Requirements for Uptime (4)

* Tier IV: fault tolerant data center infrastructure
* Basic requirements:

o A fault tolerant data center has multiple independent systems that are physically isolated to provide redundant
capacity components and multiple independent, different, and activated power distribution routes to serve the
critical environment at the same time. Redundant capacity components and different power distribution routes
should be configured based on the following principle: If any facility is faulty, the "N" capacity provides power
and cooling for the critical environment.

o AlLIT devices use dual power supplies and are properly installed to be compatible with the data center
architecture topology. If the critical environment does not meet this specification, a transmission device such as
a switch must be used.

= Power distribution routes must be physically isolated (partitioned) to prevent any single event from affecting
two systems or power distribution routes at the same time.

e Continuous cooling is required; Onsite fuel reserve should support 12-hour operation of N engine generators.
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» Operation effects:

= The data center is not easily interrupted during unplanned activities beyond
a single plan.

= The data center is not easily interrupted during planned activities.

= The data center infrastructure can be maintained by using redundant
capacity components and power distribution routes to continue safe
operation on other devices.

= During maintenance activities where redundant capacity components or
power distribution routes are disabled, if the remaining routes are faulty,
the risk of interruption in the critical environment increases.

= Using the fire alarm, fire extinguishing, or emergency power-off (EPO)
function may interrupt a data center.




Specific Requirements for Uptime (5)
Example of the power distribution solution for an Uptime Tier IV data center

Mains DG Mains DG
h 1

o

o)
)

[ I

L = S N
UPS 1A UPS 1B UPS 2A UPS 2B
300kwW 300kW 300kW 300kW
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Comparison of Uptime

Data Center Tier

Tier IV

Tier II

Tier II

Tier I

Overall function
requirement

Fault tolerance (one fault), active-
active power supply and distribution
routes

Planned online maintenance,
active-standby power supply and

distribution routes

One power supply and
distribution route

One power supply and
distribution route

Physical isolation

requirement i / / /
requirement / / / /
DG requirement ileoisbff‘E'_ne"ded’ but Netcan | g N+1 N
ot | / / /
UPS requirement 2N N+1 N+1 N

Backup time
requirement

Meeting DG startup requirements

Meeting DG startup
requirements

Meeting DG startup
requirements

Meeting DG startup
requirements

DG fuel storage
requirement

12 hours

12 hours

12 hours

No specific requirements
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Comparison of TIA-942

Data Center Tier

Tier 4

Tier 3

Tier 2

Tier 1

Overall function
requirement

Fault tolerance (one
fault), active-active
power supply and
distribution routes

Planned online maintenance,
active-standby power supply
and distribution routes

One power supply
and distribution
route

One power supply
and distribution
route

Physical isolation
requirement

v

Mains input requirement

At least two active-active
routes between different
substations

One active mains input and one
standby mains input (can be
from the same substation)

One mains input

One mains input

requirement

DG requirement 2N N+1 N /
Transformer requirement 2N N+1 N N
UPS requirement 2N N+1 N+1 N
Backup time requirement 10 minutes 10 minutes 10 minutes 10 minutes
DG fuel storage 96 hours 72 hours 24 hours !
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Capacity Planning Overview (1)

* Capacity planning focuses on the capacity of the infrastructure. The objective is to ensure that the
power supply capacity is sufficient to support IT loads. To ensure that sufficient capacity is provided
when necessary, the maximum predicted load at any point in the life cycle of a data center must be
covered during design and planning.

*  Old method:

e To ensure that there is always enough capacity, the easiest way is to build the infrastructure that can support
the maximum predicted load at the beginning. This is a strategy that has been used in the past, but it can result

in much waste because in most cases it can lead to over-construction and inefficient use of capacity.
* New method: The phased capacity expansion plan is used to reduce waste. Phased capacity expansion
has important advantages:
o Less capacity is wasted during the transition period.

e Uncertainty of growth is reduced.
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Old method: Over-construction leads to waste.

Such waste includes capital costs for idle equipment and operating costs for idle
capacity. During the life cycle of a data center, the cost of supplying power to
unnecessary capacity components and the cost of maintaining and repairing
them may be huge.

The idle capacity can be generated in either of the following ways:

o |If the IT load is small at the beginning and increases with time, the system
will be over-constructed during the transition period.

= |If the IT load never reaches the predicted level, the system is over-
constructed in the entire life cycle. Most data centers will never reach their
predicted full capacity. In practice, data centers typically operate with less
than half of the capacity.




Capacity Planning Overview (2)
* IT load capacity curve: It is provided by the customer's IT department and shows the
IT capacity planning of the entire data center lifecycle.

* Power distribution system capacity curve: The IT load capacity curve is used as the
input and capacity is expanded by phase to ensure that the power supply capacity is

sufficient to support IT loads.

Input Output

IT load capacity Power distribution
curve system capacity
curve
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IT Load Curve (1)

* Most data center plans are vague because they do not incorporate
the evolving technology feature of IT devices. One way to solve the
uncertainty problem is to set reasonable maximum and minimum
values that can be expected in the life cycle of a data center to
provide support for the prediction. Once the maximum and
minimum estimated values of the final load are determined, you kW
only need to add the initial load and transition time to predict the
IT load growth.

o Maximum final load: predicted maximum IT load.

nitial load

2 Minimum final load: predicted minimum IT load.

o |nitial load: IT load that is initially installed. ' I .
Transition time Time
o Transition time: time required from the initial load to the final load.
Generally, the life cycle of a data center is 10 years. IT load curve example
2 Huawei Confidential 2 HUAWEI

Most data center plans are vague because they do not incorporate the evolving
technology feature of IT devices. In addition, the business requirements that drive
data center design and/or service requirements are difficult to be understood in
advance. The reliability of the prediction decreases as the IT load in a farther
future is predicted. Any model with forward-looking capacity requirements needs
to take into account information about the quality (certainty) of the predictive
activity itself. One way to solve the uncertainty problem is to set reasonable
maximum and minimum values that can be expected in the life cycle of a data
center to provide support for the prediction. The preceding figure shows the
concepts of the minimum and maximum values of the final load. Generally, the
life cycle of a data center is 10 years. Once the maximum and minimum
estimated values of the final load are determined, you only need to add the
initial load and transition time to predict the IT load growth.

The model shows the predicted maximum and minimum values of the final load,
but does not explicitly predict the actual value of the final load. Any description
of the actual value of the final load is just a guess in most cases. The actual value
of the final load of a particular device generally depends on multiple variables,
some of which may not be predicted by the planner or even may be unknown.




IT Load Curve (2)

* A more effective planning method of this growth model is to identify the upper and
lower limits of the final load, which can be more reliable and consistent than a
single predicted load level.

* When the predicted maximum and minimum values of the load are identified, the
intelligence of the model is increased and the system capacity planning can cover
the uncertainty of growth, which provides a simple strategy to minimize the risk of
over-construction and reduce the total cost of ownership.
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During planning, users tend to adopt the predicted maximum load, because the
possible maximum load was always the "safe" value used during the initial
deployment of the design system, and planners have got used to that way of
thinking. The predicted minimum load may seem superfluous, but it is the key to
achieving the considerable cost-effectiveness of the growth model.




Power Distribution System Capacity Curve (1)

* Capacity expansion scale: ) Data center life cycle

incremental scale of the

System capacity planning

physical infrastructure system Capacity

expansion

scal les

} 6 Security

toleranc
e

(capacity expansion delay).

* Security tolerance: extra
capacity to cope with kW

unexpected situations (such as

Minimur

unexpected increase of IT

Maximum o
Initial 1 final load 2 Minimum
load value final load
value

loads or unexpected

consumption  of  system

capacity).

4Transition time Time

2 Huawei Confidentio 2 HUAWEI

« Capacity expansion scale is an attribute of system capacity planning, not an
attribute of the IT load curve. It is decided at the later stage of the planning
process, taking into account the scalability of the selected system architecture.

« Security tolerance refers to the "extra" infrastructure capacity required to cope
with unexpected changes, which may be an increase in the power demand for IT
loads (for example, adding servers without authorization) or a decrease in the
capacity provided by the power supply and cooling infrastructure (for example,
cooling capacity decrease caused by cooling pipe blockage).




Power Distribution System Capacity Curve (2)

» Differences between the IT load curve and system capacity planning

o The model provides a common language and framework to help users understand IT load
requirements and help physical infrastructure designers plan a system with sufficient
power and cooling capacity to meet the load requirements. They are interdependent.

o First part of the model: The IT load curve is provided by the user as an input to the
planning process.

o Second part of the model: The system capacity planning is provided by the planning
process as the output to the user to define the deployment of the power supply
infrastructure (including the step-by-step capacity expansion phase) to support the IT
load curve of the user.
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Power Distribution System Capacity Curve (3)

* Therefore, for a specific project, the model development is divided into two parts:

@ First, establish an IT load curve. The IT load curve consists of parameters 1 to 4 of the
model. It is created based on the understanding of enterprise service requirements at the
early stage of the planning process. The key to this step is to get the participants in the
planning process to agree on the predicted IT load.

@ Second, the system capacity planning is established to support the IT load curve. The
system capacity planning is represented by (capacity expansion scale and security
tolerance) of the model. The system capacity planning is performed at the early stage of

the planning process to roughly estimate the capacity expansion scale.
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Benefits of Phased Capacity Expansion

* Phased capacity expansion refers to a phased capacity expansion policy for system capacity planning during the IT

load transition period.

o

If phased capacity expansion is used, the power supply and cooling capacity increases with IT loads, avoiding unnecessary capital

and operation costs (especially energy costs).

If the future load is uncertain, a re-evaluation point can be provided at each phase. At this point, a decision can be made to

delay or reduce the process of the next phase or stop the capacity expansion completely.

Phased evaluation

Phased capacity expansion allows you to give
up capacity planning in any phase when the

The uncertain future requirements can be
evaluated more frequently if the interval of
ased capacity expansion is shorter.

future capacity is clear. oo
Original

_ _System capacity planning. _ _ __ ___ _ » Original planning g Syster copacity planning _____ / planning
i
H Maximum predicted toad -l x s H odified

* = 7 Modified planningm N Maximum predicted load )I:anning

e Actual final load reached in advance g ACTUAL __ Actual finalload.reached in advance
Minimum predicted load .—I Minimur predicted load
» Capacity expansion and Initial ~ —— Capacity expansion and growth
:mt‘ljal growth have been stopped. load have been stopped.
0a
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Although these concepts are not new to many applications in daily life, the
legacy power supply and cooling architecture that cannot be expanded in a data
center has dominated the initial capacity expansion of the entire facility for
decades. However, recent developments in scalable modular system architecture
have enabled designers to take advantage of the important benefits brought by
phased deployment.

There are three factors that make phased capacity expansion particularly
attractive:

a

Energy has become a major expense. Electricity bills provide a powerful
incentive to avoid overcapacity. Incentives for "green buildings" and
"demand-side management" programs that reward efficient operations
provide more incentives for running streamlined data centers. A data center
with "reasonable planning" (power supply and cooling capacity keeping
pace with the IT load growth) is more efficient than a data center with too
much idle capacity.



=]

Most data centers never expand to their predicted largest scales. Research
shows that the final load of most data centers is far lower than the
maximum load predicted during planning. Phased capacity expansion
reduces the risks caused by waste of installation resources. This is the
biggest advantage of phased capacity expansion for most data centers.

Idle capacity causes unnecessary maintenance costs. Even if the capacity is
idle, the installed equipment must be maintained and repaired. By installing
only the capacity equipment required to support the current load, you can
save a large number of maintenance costs, because no maintenance costs
will be incurred for unavailable equipment.



Technical Support for Phased Capacity Expansion

* Developments in scalable modular system architecture have enabled designers to take advantage of

the important benefits brought by phased deployment.

* The entire data center is divided into scalable (modular) and non-scalable components.

Scalable components can be expanded by phase to

reduce the risk of excessive construction. %
Initial load Capacity expansion in Capacity expansion in

phase 1 phasg 2
- "_ — =
+ Equipment room slz?‘z‘ B i .

—— - - - -
Row 1 Row 2 Row 3 Row 4 Row 5
*Cable inlet
* Switchgear
+ Heat dissipation devices (such as
- chillers)
—_—
initiakiond Maximum final load =
Non-scalable components
The capacity in the early stage
meets the maximum final load.

Deployment of scalable and non-scalable components during capacity planning
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* Non-scalable components are installed at the beginning to accommodate the
predicted maximum load (the maximum final load value) in the data center life
cycle. Non-scalable components include the physical equipment room size,
electrical cable inlet capacity, and pre-existing in-room air conditioners. These
"rigid" capacity limits can seriously impact time, availability, and cost.

» Scalable components are installed at the beginning to support loads lower than
the maximum value (enough to support the initial load for a period of time), and
then are gradually increased as time goes by according to the phased capacity
expansion planning. Scalable components include racks, rack-level power
protection and distribution equipment, and rack-level cooling equipment.




Application of Phased Capacity Expansion - Modular Data Centers

Phased capacity expansion example of a modular data center

IT area Equipment room Facility
L 7 4
Cabinet foomoomloooooon (PSS S REsssa|s s sa s ame sl (Se s s s inss (SaRssassnt|Bsssssssinlsnssssssss
Rack-mounted PDU @ul‘-i O [(ERRANNE AN R AR ANE A AR uf- IIIIIIIIIIIIIII S ARA RN A NN Deployment
Terminal PDF  ffe—FdJlc—c G e f 3 e G 5] byarea
UPS b}—‘—’-LJIi_} = == = x[z;*'[_: T ii’ 3
In-row air conditioner T # = /'
Aisle airflow containment Q¢ It C ) C /’ C )
Lou C 7-
o ! 1 - | ! I/ | ] Deployment by
Humidifier I I T 7 1 1 equipment room
Chilled water pum, C F
. pume. I : - 1 i f i I
il I I i | | I I |
: e 3
i : : : =" ] I : |
Free cooling heat exchanger i T T T i i i T )
Cooling tower ] Deployment by
3 3 4 3 H 3 3 4 5 'a(lllty
Generator set T T T T T T H T
Switchgear I H I I T T I I ;
28 Huawei Confidential 2 HUAWEI

« The left part of the figure lists the subsystems of the data center. Gray blocks
indicate devices. If all device blocks exist, the data center uses the maximum
configuration. However, the device blocks are deployed from left to right to
gradually expand the data center to meet the increasing IT load requirements.
The capacity of all subsystems listed on the left must match the given IT capacity
(kW). The gray modules of the subsystem must be added in a way that meets
the capacity expansion requirements of the data center. The figure also provides
the association between different subsystem modules. As shown in the figure, in-
row air conditioners are deployed by area. Every three in-row air conditioners
have one backup device to form N+1 redundancy. One humidifier is deployed for
every twelve in-row air conditioners, and one humidifier is associated with one
equipment room.

« As shown in the preceding figure, the preceding subsystems are associated with
each other in the unit of 60 kW. These associated subsystems form an area with
a certain IT capacity as the core deployment module of the architecture. In this
architecture, the area includes the cabinet, rack-mounted PDU, terminal PDF,
UPS, in-row air conditioner, and hot aisle airflow containment system.

» As discussed earlier, IT area-based deployment is not effective for some
subsystems. In the architecture shown in the figure, the humidifier, liquid
distribution unit (LDU), chilled water pump, and lighting are associated and
matched to support three IT areas at the same time. In this architecture, these
subsystems and three IT areas form an equipment room module. The boundary
of an equipment room can be a physical wall or a virtual wall, which usually
refers to a partition in a large equipment room.




In a data center, there are also some centralized subsystems that are optimally
deployed in units of facilities. As shown in the figure, these subsystems include
the chillers, free cooling heat exchangers, cooling towers, generators, and
switches. Some subsystems, such as generators, are not modular, while others,
such as chillers, are modular.

In this example, the chillers work in N+1 redundancy mode, and each module
supports 4.5 areas. In this example, modular chillers deployed in a centralized
manner do not need to correspond to areas or equipment rooms. In this
architecture, the two chillers on the left must be installed at the initial stage to
provide N+1 redundancy. Install the third chiller after the fifth area is added. The
blue line between two chillers in the upper row indicates that the two chillers are
connected to the same main pipe. Therefore, the N+1 chillers in the lower row
are redundant devices for the two chillers. At the beginning, it seems that small
chillers can provide high scalability, which is consistent with area deployment.
However, if the chillers are divided into small modules, the cost is high and the
complexity increases. In this architecture, a chiller can supply cooling to a large
area. To save energy, you need to select a model with an inverter compressor.
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PUE

* PUE is proposed by The Green Grid and has become a core indicator for evaluating
the efficiency of the physical infrastructure layer (equipment room) of a data center.

Total energy input to a data center
PUE =

Energy consumed by IT loads

Power input Heat output
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* The PUE value is greater than 1. Currently, the PUE value of a modular data
center ranges from 1.1 to 1.8 (using cold and hot aisle containment, in-row air
conditioners, and modular UPSs). The PUE value of a traditional data center
ranges from 1.8 to 3.5 (using in-room air conditioners, without cold and hot aisle
containment).

« PUE determination is important for device selection and data center architecture.
It is mainly reflected in the cooling solution, for example, whether to use air-
cooled direct expansion air conditioners, chilled water air conditioners, or cooling
devices with the indirect evaporation function. For example, the PUE of a data
center using common air-cooled in-row air conditioners ranges from 1.5 to 1.7;
the PUE of a data center using chilled water in-row air conditioners can be about
1.3; the PUE of a data center using indirect evaporative cooling devices can be
less than 1.2.

* Modular UPSs and PDUs are used to reduce power distribution loss.




Methods of Reducing the PUE of a Data Center (1)

* There are three methods to improve the data

center efficiency:

= Improve the internal design of the data center facility
(DCF) equipment to reduce the energy consumption
during operation.

o The planning of DCF components better matches the
actual IT load (moderate planning) to improve the
operating efficiency of components.

@ Develop new technologies to reduce the power
required to provide the data center physical
infrastructure (DCPI) support functions, such as free
cooling.
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Methods of Reducing the PUE of a Data Center (2)

* The planning of DCF components better matches the actual IT load (moderate
planning) to improve the operating efficiency of components. This provides the
maximum and most direct opportunity for improving the efficiency of a data center,
because the operating efficiency of a device is the highest when the load rate is
reasonable.

* Therefore, you need to:

@ Properly plan the system capacity.

o Select modular UPSs and rack-mounted PDUs.
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Section Summary

* Specify the requirements for the power distribution system based on the data center tier.

* The capacity needs to be expanded by phase. Different components need to be expanded in different
modes. For example, a data center is constructed in three phases, and eight sets of high-voltage (HV)
DG systems are required to work in 7+1 mode. In the initial construction, 2+1 DGs can be installed to
meet the requirements of phase 1. However, all high-voltage (HV) cabinets corresponding to the DGs
need to be installed, and ports need to be reserved for installing DGs in batches in the future. Other
devices, such as modular UPSs and in-row air conditioners, should be expanded gradually based on
load requirements.

* Proper planning of infrastructure capacity improves the operating efficiency of components and
provides the maximum and most direct opportunity for reducing the PUE of a data center.
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Capacity Calculation Principles (1)

* To estimate the power requirements of a data center, you need to understand the power required by
the cooling system, UPS system, and key IT loads.

o Key load: refers to all IT hardware components that constitute the IT service architecture, including servers,
routers, computers, storage devices, communications devices, security systems, fire extinguishing systems, and

monitoring systems. The future load must be considered during estimation.

s UPS system: The efficiency loss factor of the UPS system and the extra power required for battery charging need
to be considered.

= Lighting facility load: includes all lighting facilities in data center buildings and is a function of the floor area of
a data center. There is a good empirical formula for this type of load: about 21.5 W per square meter.

o Cooling system: The cooling system capacity needs to be calculated additionally, but can also be obtained by
estimation. The efficiency of a chilled water system is usually higher, and the power consumption is usually 70%
of the total peak load supported. A direct expansion system requires approximately 100% of the total peak load
supported.
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« Although the power requirements of these elements may differ greatly from each
other, if the power requirements of the planned IT loads are determined, the
power requirements of these elements may be accurately estimated using a
simple method. In addition to estimating the capacity of the power lines, these
elements can also be used to estimate the power output capacity of the standby
generator system if the load of a data center requires a standby generator
system.

« Why does the future load need to be considered? Because IT devices in data
centers are constantly updated, we must fully estimate the capacity of power
lines that supply power to DCPI components so that the known initial load and
future load can be supported. After the future load is estimated, add it to the
calculated basic load to obtain the key load of the power supply in the unit of
kW.

« The UPS efficiency varies with the load rate. Generally, the UPS efficiency of 0.9 is
considered. Battery charging does not continuously consume power. When a
battery is fully charged, its charge load can be ignored. However, after the
battery is partially or completely discharged, the charge power can reach 15% to
20% of the rated power of the UPS. Although such loads are rare, they must be
included in the estimation of generator and line inlet capacity.




Capacity Calculation Principles (2)

¢ After the total power capacity in the unit of kW is estimated, two key calculations can be
performed: First, estimate the capacity of the power lines required for supplying power to a
data center. Second, estimate the capacity of all standby generators required for achieving
the expected availability.
o Determine the capacity of the power lines.
= Current (A) = (Power (kW) x 1000)/(Voltage (V) x 1.73). The voltage is the line voltage. The power needs to
be multiplied by a coefficient ranging from 1.2 to 1.25 according to the corresponding specifications.
o Determine the generator capacity.

* The generator capacity is in the unit of kVA, but the preceding capacity is in the unit of kW. Therefore, the
power factor needs to be considered. Generally, the power factor of 0.8 is used. In addition, the load
characteristics and startup voltage of the chiller or UPS need to be considered.
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Key Load Capacity Statistics (1)

* Principle

o Statistics are collected based on the data center layout, that is, based on different

functional areas, such as the IT room, access equipment room, operation room, and fire
control room.

* Input
@ Cabinet power density
@ Number of cabinets

@ Power requirements of fire extinguishing, access control, and monitoring devices
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Example of Key Load Capacity Statistics

Key load statistics of a data center

Functional Do e Rated Power Quanti Power il
Room (kW) ty Factor Active Power Reactive Power Apparent
(kw) (kVAR) Power (kVA)
Server cabinet 7 200 09
IT room 1 Network cabinet 3 20 09
Test cabinet 4 5 09
IT room 2 | Server cabinet 10 150 0.9
Network cabinet 3 15 09
Test cabinet 4 5 09
PC in the operation 03 16 08
Operation | 79°™
room 61-inch screen 1.2 1 08
Monitoring device 7 1 09
Fire . L
control Fnre_ extinguishing 5 1 0.9
device
room
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In the industry, the IT power factor of 0.9 is usually used for estimation.




Questions

* Based on the following table, customers may ask the following questions:

o |s the server cabinet power 7 kW the maximum power, minimum power, or average power?

o |f the peak power of a cabinet exceeds 7 kW, can the cabinet work properly?

o |f the power consumption of a cabinet is lower than 7 kW, can adjacent cabinets use the remaining

power of the cabinet?

o How to meet the requirement of adding extra services in the future?

Functional Device Rated 5 Power RequlEedbowe
Room Name Power (kW) Quantity Factor Active Power | Reactive Power | Apparent Power
(kw) (KVAR) (KVA)

Server cabinet | 7 200 09

IT room 1 Network 3 20 09
cabinet
Test cabinet 4 5 09
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« This table cannot answer the preceding questions. A more detailed table is
required to convince customers that the current plan can meet the actual
requirements.




IT Load Capacity Statistics (1)

* Layers of the entire data center:
o Data center facilities, consisting of one or more IT rooms
2 |T room, consisting of one or more IT areas
o |T area, consisting of one or more IT cabinets
e |T cabinet
* Since some attributes of a data center are affected by the power density specifications of each layer,

the power density specifications of the four layers must be specified to control the entire design and
predict the performance of the data center.

* Although the power density specifications of each part can be "accumulated" into a single facility-level
power density value, the single power density value obtained in this manner is not enough to control
the entire design and obtain a predictable result.

M Huawe Confidentia 2 HUAWEI

The power density varies with IT cabinets, IT areas, and equipment rooms. This
difference exists between cabinets or between equipment rooms, and the power
density also varies with time. Because some IT devices are added or removed
from time to time and the workloads of these IT devices are different, the power
consumed by these IT devices is also different. The operating power of each
cabinet is different, and the power of the same cabinet varies in different periods.
From this point of view, trying to define power density also seems to be futile.
However, considering that the objective of defining the power density is to
determine a data center design that can support an IT device cluster, we can
determine many important statistical parameters of the device cluster, and these
statistical parameters are sufficient to form power density specifications that do
not vary with the power density difference.




IT Load Capacity Statistics (2)

* Determining specifications

Specifications Definition Usage Method

Convert the values of each unit requiring
power supply to a total value (each
cabinet, each IT area, and each
equipment room).

Number of cabinets in an IT area,
Number of units number of IT areas in an equipment
room, or number of equipment rooms

Determine the capacity of the power

Designed target average power of each Average expected load power (average distribution system at each layer (IT area,

unit (kW) power or rated power) of each unit equipment room, and facility).
Peak power of each unit (kW) Maximum expected power of a unit Determlpe Fhe reqwrements for the
power distribution system.
Determine the required reserved space to
The expected uncertainty of the actual ensure that the low-density power
Uncertainty of unit power (%) power is quantified compared to the deployment does not cause the power
designed target average power. supply capacity to be wasted, which
increases the cost.
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« The number of units and the designed target average power of each unit are
necessary information for determining the power density specifications. The peak
power and the uncertainty of unit power are new concepts introduced here.
These are necessary because the designed target average power does not provide
the necessary information to determine the power distribution system, and does
not provide sufficient information to determine the energy efficiency calculation
point.

» The relationship between the designed target average power of each unit and
the peak power of each unit is as follows: As long as the average power of a unit
does not exceed the target average power, the peak power of the unit can be
reached. For example, in an IT area where the average power is 5 kW/rack and
the peak power is 10 kW/rack, if the average power of the area is 5 kW/rack or
lower, the power of one or more cabinets can reach 10 kW. In this case, the
actual power of other cabinets must be lower than 5 kW, for example, 3 kW or
3.5 kW.

« Uncertainty of unit power: If the actual power of installed equipment is lower
than the target power but the actual installation space is all occupied, the power
distribution and cooling capacity will be wasted. In this case, if certain space is
reserved during planning, more IT loads can be installed. This ensures that the
utilization of the infrastructure capacity is maximized during low-density
installation.




Example 1 - Small-sized Data Center (1)

* A small server room with only one IT room and one IT area is used as an example.
In this case, the specification layer is the equipment room, which is also the IT area.

The equipment room contains a group of IT cabinets.

Number of cabinets 12
Power density Designed average power density 4 kW
specifications of each cabinet
Peak power of the cabinet 8 kw
Uncertainty of cabinet power 15%
Space specifications Number of reserved cabinets 2
Rated system power 48 kW
Equipment room ) 4 kW
performance Rated power of each cabinet
specifications Rated peak power of each cabinet 8 kw
Expected unused space 15%
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« The power density in the specifications can be determined by the following
procedure:

= Determine the number of cabinets based on IT requirements.

= The target average power of each cabinet is determined by the
specifications of the IT cabinet supplier or by the typical designed average
value of the application. In this example, the typical value of an enterprise
server room (4 kW/cabinet) is selected.

= Select the peak power by setting the maximum expected or allowed cabinet
power. In this example, the maximum capacity is 8 kW. This value is mainly
determined by the rPDU provided by the cabinet supplier to support the
cooling capacity and power supply capacity.

= Estimate the uncertainty of the cabinet power by considering different IT
deployment solutions or selecting the typical designed value of the
application. In this example, the expected deployment power density is set
to 15% of the designed target average power (4 kW).




Example 1 - Small-sized Data Center (2)

* The key point here is not that the plan can accurately reflect the detailed IT plan of each cabinet
(because the IT plan of each device cannot be obtained in advance), but that the plan can ensure that
the performance of a data center is known and predictable.

* In this example,

o The specifications clearly define design that supports a cabinet group containing up to 12 cabinets.

e |n the cabinet group, the designed average power is 4 kW, and the peak power of each cabinet is less than or
equal to 8 kW.

@ To ensure that the peak power is not exceeded, a pre-deployment IT policy can be formulated for the data
center. According to the policy, the maximum power of each cabinet is 8 kW. When the load increases, the
power must be allocated to each cabinet.

o |f the actual IT power density is less than 15% of the designed average value (4 kW), the extra reserved space
can ensure that all available power supply and cooling capacity can be used.

44 Huawei Confidential

%
~

HUAWEI

« If the traditional method is used to describe the IT load of the equipment room,
these issues cannot be explained.




Example 2 - Large-sized Data Center (1)

* In this data center example, the data center adopts the following layered structure:
e The data center facilities consist of
= Four IT rooms, each of which consists of
e Six IT areas, each of which consists of

e 16 IT cabinets

* The procedure is as follows:
o Determine the number of cabinets in each IT area and set the cabinet power.
o Determine the number of IT areas in each equipment room and set the IT area power.
o Determine the number of equipment rooms and set the equipment room power.
o Set specifications for facilities, IT areas, and equipment room space.

o |Integrate the overall specifications and verify the specifications based on the design constraints. Continuously
adjust the design and repeat the procedure until the design meets the requirements.
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Example 2 - Large-sized Data Center (2)

Facility Equipment room IT area
Equipment room IT area cabinet
Number of units 4 6 16
. Designed average 480 kW 80 kW 5 kW
Eogzﬁ'i’ciii?r:? power density of each unit
P Peak power of each unit 480 kw 80 kW 10 kw
Power uncertainty of each unit / / 15%
Space specifications Reserved space of each unit / / 3 cabinets
Rated system power 1920 kw/facility 480 kW/equipment room 80 kW/IT area
Equipment room Rated power of each unit 480 kW/equipment room 80 kw 5 kW/cabinet
performance
specifications Rated peak power of each unit 480 kW/equipment room 80 kW 10 kW/cabinet
Expected unused space / / 15%
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« Note: In this case, only the IT cabinet unit involves uncertainty. Three cabinet
positions are reserved. In actual applications, one or two IT area positions can be
reserved (if necessary) to plan the new IT area without interrupting the existing
IT areas and to fully utilize the power supply and cooling of the equipment room
when the average power of deployed cabinets is lower than 5 kW.

« This table is more complex than the previous example of a single equipment
room because it clearly records the space reserved for dealing with the
uncertainty of power density. Users do not need to enter the IT area or
equipment room because the uncertainty at the IT layer of a single cabinet has
been predicted and considered. These layers are formed by accumulating lower
layers. However, during design, users may reserve space to deal with uncertainty
at different layers. Users can reserve extra cabinet positions in the IT area, reserve
more IT area positions in the equipment room, reserve extra equipment room
space in the facilities, or combine the three methods to reserve space for dealing
with the uncertainty of power density. Which method of reserving space is most
preferred depends on the geometric shape of the equipment room or other
factors. This table records the overall space requirements so that users can
reserve space using any combination of additional cabinets, IT areas, or
equipment rooms.




Example 2 - Large-sized Data Center (3)

* For simplicity, this example assumes that the specifications of the IT area in all equipment rooms are the same, and
the changes only exist at the cabinet layer.

* The table is concise, but contains a large amount of design information. The table consists of three columns. The
left column indicates the equipment room composition of the facility, the middle column indicates the IT area
composition of the equipment room, and the right column indicates the cabinet composition of the IT area. The
table defines the attributes of the 2 MW (IT load) data center example as follows:

e An IT area consists of 16 IT cabinets and three reserved cabinet positions.
o The designed average power of each cabinet is 5 kW.

o |f the IT area power of all 16 cabinets does not exceed 80 kW, the allowable peak power of any cabinet is 10
kw.

o Three cabinet positions are reserved in each IT area. If the deployed average power is less than 5 kW per
cabinet, the power supply and cooling in the IT areas can be fully utilized.
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Capacity Statistics Example (1)

Data center power requirement estimation and calculation table

a8

Item | Required Data | Calculation | Total (kw)
Power Requirement - Electricity

Rated power of each IT device (initial) #1 kw

. Other load capacity (including fire extinguishing, #2 kw

Key load capacity security, and monitoring devices)

Rated power of each future IT load #3 kw
Attenuation coefficient | |02 Power decrease of the key load in the (#1+#2 + #3) x 105 # kw

stable state
UPS power loss and |\ 1ot load + Future load (kW) (#1+ #2 + #3) x 03 #5 Kw
battery charge
Lighting facilities Total floor area related to the data center 0.0215 x Floor area (m?) #6 kW
Total power required Sum of #4, #5, and #6 #4 + #5 + #6 #7 kW
for power supply —
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* 0.3=0.2+0.1, including battery charge loss and UPS efficiency




Capacity Statistics Example (2)

49

Data center power requirement estimation and calculation table

Item | Required Data I Calculation | Total (kw)
Power Requirement - Cooling

Total power required for cooling Sum of the values in #7 gl;(“;‘;rstseyni Fe; f_f; ;0‘? #8 kw
Total Power Consumption

Total power required for power supply Sum of #7 and #8 #7 + #8 #9 KW
and cooling

Estimating the Capacity of Power Lines

Capacity meeting the requirements of Sum of the values in #9 #9 %125 #10 k
various standards ’ w
Three-phase AC voltage provided at the #11 k
entry of the lines AC voltage w

Power capacity to be obtained from the | Sum in #10 and AC voltage in

power supply company (in amperes) #11 (#10 x1000)/(#11 x1.73) A

Huawei Confidential
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Capacity Statistics Example (3)

Data center power requirement estimation and calculation table

Item Required Data Calculation Total (kW)

Estimating the Capacity of the Standby Generator

Key load that requires a standby generator Sum of the values in #7 | #7 x 1.3 #12 kW
Cooling load that requires a standby generator | Sum of the values in #8 | #8 x 1.5 #13 kw
Required generator capacity Sum of #12 and #13 #12 + #13 kw
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Section Summary

* Capacity statistics are collected by area (room), such as IT load, cooling load,
lighting load, and fire extinguishing load.

* When collecting statistics on key loads (IT loads), you need to collect statistics on
the loads at four layers: cabinet, area, equipment room, and data center facility.
The number of units, average power, maximum power, and space reserved for

uncertainty must be specified.

* Finally, the active power, reactive power, and apparent power required by a data
center are obtained by accumulating all loads and are used as the input for the
selection of the DG and mains.
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Design Overview
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distribution system based
on the plan input in the €S
early stage.
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« The

power supply and distribution system of a data center provides stable and

reliable power for all devices in the equipment room, including subsystems of HV
power distribution, LV power distribution, DG set, UPS, HVDC, battery, grounding,

and

a

server power supply.

HV power distribution system: introduces the HV mains power supply (such
as 6 kV/10 kV/35 kV) into the transformer, which is then converted into LV
mains to supply power to the LV power distribution equipment.

DG set system: quickly starts to provide backup power for the downstream
LV equipment in case of mains failures.

LV power distribution system: introduces the LV mains power from the
transformer and distributes the mains power to the UPS PDF, DC, and
power PDFs. Then, the power is distributed to IT loads, cooling loads, and
other auxiliary devices based on load requirements and standards.

UPS and HVDC: purify and back up electric energy, and provide pure and
reliable power protection for IT loads.

Battery: stores energy based on chemical principles and ensures that the
UPS and HVDC supply power to IT loads without interruption.

Grounding system: provides reliable grounding for the system to ensure the
safe operation of the equipment and personal safety.

Server power supply: converts AC or DC power into 12 V power to provide
stable power for internal components (such as CPUs, hard disks, and
memory) of the server.




Subsystem Design

PRV po
distribution

Data center power ,
supply and . \/

- @
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rotction and
grounding

" system

HV power distribution system: In China, the voltage of HV power distribution
systems is generally 35 kV or lower. If the voltage is higher than 35 kV, the
power grid is greatly affected. Generally, a professional power supply company
provides systems of more than 35 kV. The system includes: HV switches, HV
power distribution facilities (if any), HV DG sets (if any), and transformers. The
design includes load analysis, determination of the number of inlet circuits and
voltage level, power supply topology design, and HV switchgear and transformer
configuration.

LV power distribution system: LV power supply topology design (single-route or
dual-route power supply solution), and selection and design of various LV
switches, conductors, and PDFs

DG set: type (HV or LV), operating mode (single or parallel), operating condition
(emergency or continuous), fuel tank capacity, controller, parallel cabinet, and
ATS cabinet

UPS: type (modular or tower-mounted), operating mode (parallel, single, or
dual-bus), battery backup time, and battery switch selection

Surge protection and grounding system: includes the surge protection system and
grounding system, involving the power surge protection design, signal system
surge protection design, grounding mode, equipotential bonding mode, and
grounding device design.

This course describes the design of the UPS, LV power distribution system, and
DG system.
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Summary

* Planning and Design Introduction
* Planning Composition
o Requirement Analysis
= Data Center Power Distribution System Requirements

= Power Distribution System Capacity Planning

= Data Center PUE
o Capacity Statistics

* Design Composition
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1. (short-answer question) What is the purpose of reserving 15% cabinet space for

power uncertainty during planning?
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 Answer:

= 1. If the actual power density of the installed equipment does not reach the
designed value, the standby cabinet can be used to install IT devices to fully
use the facility capacity.




Thank you.
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Data Center UPS System Planning
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Foreword

* The slides describe the data center UPS system planning, including

requirement analysis, typical configuration solutions, capacity calculation,

device selection, and battery configuration.
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Objectives

On completion of this course, you will be able to:

o Master UPS system requirement analysis.

o Be familiar with common UPS configuration solutions.

o Master the way to calculate the UPS system capacity.

8 Understand the UPS system battery configuration.
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Contents

1. System Composition
2. Planning Preparation

3. Planning Method
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System Composition (1)

* The static uninterruptible power system (UPS) consists of UPS, battery strings, battery racks, battery
switches, battery switch boxes, parallel components, communication components, and connecting
cables.

* UPS

o By the technology, UPS are classified into transformer-based UPSs and transformerless UPS (modular UPS are
transformerless UPS).

o By the architecture, UPS are classified into offline UPS, online interactive UPS, and double-conversion UPS. Only
double-conversion UPS can meet all the core requirements of data center customers. Double-conversion UPS
are most widely used in data centers.

e By the capacity, UPS are classified into small-capacity UPS (< 20 kVA), medium-capacity UPS (20 kVA-200 kVA),
and large-capacity UPS (> 200 kVA). The UPS used in data centers are mainly medium-capacity and large-
capacity UPS.

4 Huawei Confidentio 2 HUAWEI

« When selecting UPS for data centers, customers first consider the UPS technology
classification (transformer-based UPS and transformerless UPS). Currently,
mainstream vendors in the industry are shifting to production of transformerless
UPS.

* Note:

= The UPS and the inverter cannot be configured concurrently in the same
data center. If a data center requires multiple AC power sources (UPS and
inverter), it is advised to configure either the UPS or inverter based on the
total power. Do not select the UPS power supply for some devices and the
inverter power supply for other devices.

= Use UPS from the same vendor for one data center in one solution. All
product lines must reach consensus with each other during the preparation
and final review of the same bidding document. Do not use UPS from
various vendors for all devices.




System Composition (2)

* Battery string
o The battery string serves as the backup power supply. When the mains supply is faulty,
the battery string supplies power to the load.
* Parallel components

o Parallel components include parallel cards and parallel cables. When multiple UPS are
connected in parallel, a parallel card is required for each UPS to implement parallel

control. Parallel UPS communicate with each other over the parallel cards.

5 Huawe Confidentil 2 HUAWEI

Parallel components: UPS exchange information through parallel cables that are
connected in a closed loop. The closed-loop connection provides redundancy for
cable connections (there are communication cables between independent UPS).
This connection method allows the online access and exit of one UPS. Each UPS
provides a controller to communicate with other UPS, which ensures proper
running of the entire parallel system.




System Composition (2)

* Communication components

@ Communication components are used to monitor the UPS and implement the
communication of monitoring data with remote platforms. Huawei UPS communication
components include Simple Network Management Protocol (SNMP) cards, Modbus cards,
and dry contact cards. Configure them based on the actual situation.

* Load bus synchronization controller

o The load bus synchronization controller is used in a dual-bus UPS system to ensure the

synchronization of two UPS output systems.

6 Huawe Confidentia 2 HUAWEI

» The load bus synchronization controller is used in a dual-bus UPS system to
ensure the synchronization of two UPS output systems. It works as follows: Any
parallel UPS system is set as the master UPS. The system monitors the UPS
output frequency and phase on the two buses at the same time. Once they
exceed the synchronization tracking range, the synchronization controller is
activated. The internal control system continues to track the mains for the master
UPS. The UPS on the other bus tracks and controls the slave UPS through the
synchronization controller. In this way, the two systems are synchronized.
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Planning Preparation - Requirement Input

IT equipment power Backup time

Data center level A Reqylrement ‘ Local altitude
input
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« The requirement input includes the following four points:
= The data center level determines the UPS configuration solution.

= The IT equipment power determines the capacity of a single UPS and UPS
quantity.

= The backup time determines the capacity of a single battery string and the
number of battery strings.

= The local altitude affects the UPS output and determines whether it should
be derated. If the altitude increases, the pressure decreases due to thin air,
which affects the heat dissipation of the UPS. The performance of electronic
components inside the UPS will also be affected, which causes the sealed
capacitor to bulge and further deteriorates the performance.
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Planning Method Overview

UPS equipment
selection

Single UPS capacity
calculation

UPS configuration
solution
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Typical UPS Configuration Solution (1)

¢ Single UPS solution:

o The single UPS power supply solution is the simplest

solution. In the solution, the output of a single UPS is directly Single UPS solution

connected to the load. This solution has no redundancy

configurations and features low reliability. Single point of UPS

failure (SPOF) exists. Power supply should be disconnected

when any component is faulty or needs overhauling.

PDU
o This solution is applicable to small power supply devices that
require low reliability. The load power is about thousands of
watts and this solution can be used only in Uptime Tier | Load

data centers.
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Typical UPS Configuration Solution (2)

¢ Parallel UPS solution:

o This solution is more reliable than the single UPS power supply Parallel UPS (N+X) solution
solution, but SPOF still exists.

o |n this solution, there are two redundancy options for the UPS ups UpPs

system: N+1 (N working UPS and one redundant UPS) and N+M
(N working UPS and M redundant UPS). To reduce the cost, the

PDU

N+1 parallel solution is recommended. To improve reliability, the

N+M parallel solution is recommended.

o This solution is applicable to small and medium data centers. If the Load

reliability level of the data center is Uptime Tier I, the UPS power
distribution solution should at least use this redundancy solution.
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Typical UPS Configuration Solution (3)

* Distributed redundancy solution

a

o

Distributed redundancy solution

In the distributed redundancy solution, three

UPS1 UPS2 UPS3
UPS groups are used. In normal cases, loads

are evenly carried by the three UPS groups.

If one UPS group is faulty, the loads will be PDU PDU PDU

carried by the other two UPS groups.

In this scenario, loads are divided into several
blocks, and each block uses dual power
supplies. Load Load

This solution is mainly used in large data

centers and meets Uptime Tier III Load3

requirements.

Huawel Confidential 2 HUAWEI

« Advantages

o

o

The solution facilitates online maintenance of all components (if all loads
are dual-power loads).

Compared with the 2N design, the solution has fewer UPS modules. Thus,
its cost is lower. For any specific dual-power load, two independent power
supplies are redundant .

You do not need to transfer the loads to bypass mode for maintaining UPS
modules, switch devices, and other power distribution devices. Maintenance
bypass circuits usually do not need to be added in most distributed
redundancy solution.

« Disadvantages

a

o

o

The cost is high as a large number of switch devices are used.

The configuration solution is complex. In a large data center with multiple
UPS, static transfer switches (STS), and power distribution units (PDU), it is
a great task to keep each UPS system evenly loaded and to learn well
about which system supplies power to which load.

Unpredictable UPS running mode: Because UPS systems have various
running modes and the systems can switch between multiple modes. It is
impractical to test all these modes in a test environment with preset
conditions and simulated faults to check whether the control policy and
restored devices are functioning properly.

The UPS efficiency is low because it does not work with full load.




Typical UPS Configuration Solution (4)

* Backup redundancy solution .
Backup redundancy solution

e Four UPS groups form a power supply system. UPS
group 4 and the first three UPS groups form a dual UPS1 UPS2 UPS3 UPS4
power supply system.

o Generally, UPS group 4 does not bear any load.
However, when one UPS group in the primary PDU PDU PDU PDU

circuit is faulty, UPS group 4 provides the backup
power supply. Therefore, this solution has only one

power supply. Although this solution meets the

L] Load

Uptime Tier Ill requirements, its reliability is lower

than that of the distributed redundancy solution, foad

the corresponding cost is also lower, which is

applicable to some cloud-based data centers. Load
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« The capacity of group 4 is variable. It can provide backup power for one load,
multiple loads, or even all loads. However, power backup for all the loads cannot
save device investment and goes against an original intention of this solution:
saving costs.




Typical UPS Configuration Solution (5)

* Dual-bus solution 2N or 2(N+1)

o When the system is working properly, both
power supply loops supply power to loads at the
same time. Each loop carries half of the loads.

o |n the case of a fault, if one loop is completely or
partially faulty, the other loop can carry all the
loads ensure that all loads run properly without
power interruption.

o This solution is applicable to medium and large
data centers. If the data center reliability level is
Uptime Tier Ill or Tier IV, this solution is
recommended for UPS power supply.

16 Huawei Confidential

Dual-bus system power supply solution
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PDU

UPS

PDU
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« The advantages of this power supply solution are simple system, easy

maintenance, high reliability, and no SPOF.

+ In actual design, the two UPS are physically isolated. They are placed in different
power rooms. If a fire occurs in one room, the power supply of the UPS in the
other room is not affected, ensuring uninterruptible power supply to loads.




Solution Comparison (1)

* Discussion: Assume that the load is 300 kW and the capacity of a single UPS is 75 kW. Compare the

UPS capacity configurations and load rates of the five solutions. (The UPS can be fully loaded.)

Solution comparison

Backup
singleups | N*1 Sggallel DR Régtrl:gan‘y Redundancy | Dual-Bus
(four)
Load capacity 300 kW 300 kw 300 kw 300 kW 300 kw
Single UPS 75 kW 75 kW 75 kW 75 kW 75 kW

Number of UPSs

Total UPS capacity

UPS load rate

* Note:
o Three: The load is divided into three parts.

o Four: The load is divided into four parts.
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Solution Comparison (2)

* According to the preceding analysis, the costs and reliability of these solutions are in direct
proportion:
o Single UPS < N+1 parallel UPS < Backup redundancy < Distributed redundancy < Dual-bus

Networking solution comparison

Distributed Backup
Single UPS ReFarsiel redundancy Redundancy Dual-Bus
UPS
(three) (four)

Load capacity 300 kw 300 kw 300 kW 300 kw 300 kw
Single UPS 75 kW 75 kW 75 kW 75 kW 75 kW

Number of UPSs 4 5 3x(1+1) 4+1 4+4
Romal es 300 kW 375 kW 450 kW 375 kW 600 KW

capacity
UPS load rate 100% 80% 66.7% 80% 50%
16 Huawel Confidentil 2 HUAWEI

Note: This table briefly displays the total capacity and actual UPS efficiency of
each solution. Only qualitative analysis is performed. The actual cost and
efficiency involve specific loads and UPS capacity.

The backup redundancy solution is the same as the N+1 parallel UPS solution in
terms of the UPS. However, the backup redundancy solution requires a large
number of switch cabinets and cables, which is more expensive and more reliable
than the N+1 parallel UPS solution.




Solution Comparison (3)

Application scenarios of different solutions

Configuration Used in the Past Reason for Use
Reduced investment and energy
Small companies costs
No redundancy Companies with multiple local offices Support for less critical applications
Companies with geographically redundant data Simple configuration and
centers installation

Power-off maintenance is allowed

Parallel redundancy

Small and medium companies with data centers | Better fault tolerance than "N"

whose IT capacity is usually less than 500 kW Loads can be added in the future
Distributed Large companies with data centers whose IT Online maintenance is supported
redundancy capacity is usually greater than 1 MW More economical than "2N"
Full redundancy between path A
and path B
Duakbus Large W Ievt data cenieer Easier to balance loads of the UPS
system
1 Huawel Confidentil 2 HUAWEI

» How to select the most suitable configuration solution? Let's review the
precautions to be considered when selecting a proper configuration:

o

Breakdown cost/impact: How much cash flow does the company have per
minute? If a fault occurs, how long does it take for the system to recover?
The answers to the above questions can be used as the beginning of the

budget solution discussion. The discussion direction varies with the answer.

Budget: In any aspect, the cost of implementing the 2(N+1) design is much
higher than that of the N (capacity) design, parallel redundancy design, or
even distributed redundancy design. Let's take a large data center as an
example to see the cost gap. If the data center uses the 2(N+1) design,
thirty 800 kW modules may be required (each parallel bus has five
modules, and there are six parallel buses in total). For the same load, if the
distributed redundancy design is used, only eighteen 800 kW modules are
required, and the cost is much lower.

IT architecture type: Virtualization and rapid improvement of network
bandwidth and speed enable the entire data center to be switched to
another site without delay. This also raises questions about the perception
that data centers with the highest availability are facilities with highly
redundant power and cooling architectures. As the virtualization technology
matures, two distant "N" system data centers may have higher availability
than a highly redundant data center.




= Availability: How long can the company tolerate downtime in a year? If the
answer is never to shut down, then the high availability design should be
chosen in the budget. However, if the company allows shutdown after 10
p.m. every night and at most weekends, then the parallel redundancy
design is recommended for the UPS configuration. Some parts of each UPS
need maintaining. And some unexpected faults will occur in the UPS from
time to time. The less the time used in maintenance is, the more redundant
components are required.

o Reliability: The higher the reliability of a UPS, the higher the probability of
continuous operation of the system.

o Maintainability: Long-time system breakdown caused by faults cannot be
prevented by high reliability.
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UPS Capacity Calculation (1)

* The N+1 and 2N configurations are widely used in the industry. Therefore, it is
crucial to calculate and obtain the N value of the UPS system.

* N is the basic requirement, that is, the UPS system capacity in a non-redundancy
solution. In actual applications, N has gradually become the number of UPS (or
modules) that meet the basic load power requirements without redundancy.
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« 1.2 is a coefficient, and E > 1.2 P. E is the basic capacity of the UPS, and P is the
calculated load of the electronic information equipment.

» Power factor description:

= Input power factor (cos ¢1): indicates a UPS's rectification and correction
capability of the UPS and loads.

= QOutput power factor (cos $2): indicates the active power output capability
of a UPS.

= Load power factor (cos ¢3): varies with products. The power factor of IT
equipment ranges from 0.98 to 1, that of Huawei air-cooled DX air
conditioners is 0.9, that of Huawei water-cooled indoor units is 0.94, and
that of pumps ranges from 0.8 to 0.9.




UPS Capacity Calculation (2)

* To calculate N, you must know the following values:
o Active power for actual loads (P), measured in W or kW.
o Expected power of a single UPS (Pn), measured in W or kW.

o Expected UPS output power factor (cos ¢). For details about the power factor, see the

figure on the right.
o N = Round up (P/cos ¢ x 1.2)/Pn

UPS power factor illustration

Input power Load power factor
R fE—
( factor cos 1 | ) cos ¢3
Transformer
x | ——————
/Diesel UPS Load
generator Output power factor cos ¢$2
e =y =
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« 1.2 is a coefficient, and E > 1.2 P. E is the basic capacity of the UPS, and P is the
calculated load of the electronic information equipment.

» Power factor description:

= Input power factor (cos ¢1): indicates a UPS's rectification and correction
capability of the UPS and loads.

= QOutput power factor (cos $2): indicates the active power output capability
of a UPS.

= Load power factor (cos ¢3): varies with products. The power factor of IT
equipment ranges from 0.98 to 1, that of Huawei air-cooled DX air
conditioners is 0.9, that of Huawei water-cooled indoor units is 0.94, and
that of pumps ranges from 0.8 to 0.9.




UPS Capacity Calculation (3)

* Example: The actual active power of loads is 1000 kW. Huawei UPS5000-E series are
used to meet the N+1 backup requirement. The UPS system configuration is

provided as follows.

* The calculation process is as follows:

o For the UPS500-E series, the output power factor is 1, the load power factor is 0.9, and
the capacity of a single UPS is 125 kVA, 200 kVA, 300 kVA, 400 kVA, 500 kVA, 600 kVA, or

800 kVA. The N value of different capacities are calculated as follows:
o When the capacity of a single UPS is 300 kVA: N = (1000/0.9 x 1.2)/300 = 5.
@ When the capacity of a single UPS is 500 kVA: N = (1000/0.9 x 1.2)/500 = 3.
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UPS Capacity Calculation (4)

* The calculation process is as follows:

@ Considering that four UPS can be configured at most in an N+1 parallel system, you can
select four 500 kVA UPS to form an N+1 system.

@ |f the system is expanded to the 2N architecture, you can configure two groups with three
500 kVA UPS in each group. Thus, a total of six UPS are configured.

@ |n the 2(N+1) architecture, you can configure two groups with four 500 kVA UPSs in each
group. Thus, a total of eight UPS are configured.
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Comparison Between Modular UPS and Traditional UPS (1)

Performance differences

Capacity expansion: Efficiency: The modular
The modular UPS is easy to expand.#® UPS has high efficiency.

Maintenance: The modular UPS & Redundancy: The modular UPS is
is easy to maintain. easier to implement N+1
redundancy.
TE— T
27 Huawe Confidentia 2 HUAWEI

« The modular UPS is easy to expand. You only need to purchase the required
power module (about 50 kVA) for future capacity expansion, which does not
require cable reconstruction. Tower-mounted UPSs can be expanded by adding
power units. However, the power unit is large (usually 100 kW or 200 kW), which
cannot meet the requirement of flexible configuration due to the increase of the
load. Thus, before expanding capacities for a tower-mounted UPS, you need to
shut down the UPS.

« The modular UPS has high efficiency and saves energy. The high efficiency of a
modular UPS depends on the flexibility of power configuration. When the load is
light, the power module hibernation technology ensures that the UPS works at
the maximum efficiency. However, the efficiency of a tower-mounted UPS is
greatly reduced due to the large power unit.

« The modular UPS itself is a redundancy solution. When one module in the
modular UPS is faulty, the module can be hot-swapped quickly and maintained
with the power on. To maintain some of the parts in the tower-mounted UPS,
the UPS has to transfer to bypass mode, which decreases the reliability of the
UPS.

« ltis easier to implement N+1 redundancy in modular UPSs. For example, in a 400
kVA system, the original 1+1 configuration requires 800 kVA, and one module
can be used for redundancy. The 450 kVA configuration with 50 kVA modules
implements (8+1) redundancy.




Comparison Between Modular UPS and Traditional UPS (2)

+ Cost comparison Equipment
cost

Deployment

——
' Operation cost

% Maintenance
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Equipment hardware cost
Equipment software cost
Auxiliary equipment cost

Equipment installation cost
Civil work cost
Equipment transportation cost

Site renting
Equipment power
consumption

Maintenance cost
Service cost
Labor cost

2 HUAWEI

TCO: Total cost of ownership
CAPEX: Capital expenditure

OPEX: Operating expense




Comparison Between Modular UPS and Traditional UPS (3)

* Equipment cost: The cost of a modular UPS is about 30% higher than that of a traditional tower-
mounted UPS.

* Deployment cost: Traditional tower-mounted UPS are integral, and modular UPS are small. Therefore,
the deployment cost of modular UPS is small.

* Operation cost: The modular UPS is easy to expand. As modules are gradually deployed along with the
project progress, the efficiency is high. Therefore, a large amount of electricity fees can be saved.
* Maintenance cost:

o Tower-mounted UPS are difficult to maintain. Once a fault occurs, only professional personnel from the
manufacturer can maintain the UPS. Thus, the maintenance cost is high.

2 The modular UPS adopts the modular design. If a module is faulty, it can be directly replaced. The faulty
module can be sent to the manufacturer for repair, which greatly reduces the labor cost and the round-trip cost
of professional personnel from the manufacturer.
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Comparison Between Modular UPS and Traditional UPS (4)

¢ Summary

@ The traditional UPS features low CAPEX, while the modular UPS features low OPEX. These
advantages can be converted based on different scenarios. If the customer requires N+1
redundancy, the modular UPS can greatly reduce the CAPEX.

@ |n the first three years, the TCO of tower-mounted UPS is low. In the fourth year, modular
UPS have obvious cost advantage. Take the mainstream data center UPS with the lifetime
of 8 to 10 years as an example. The advantages of modular UPSs are obvious.
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Single UPS Configuration (1)

* There are two methods for configuring the battery capacity: constant current
method and constant power method. The constant power method is widely used in
the industry because it is more accurate. Here, the constant power method is
introduced.

* Parameters required for configuring the battery capacity of a single UPS
o Active power for loads (P), measured in W or kW
o Battery inversion efficiency (n)

o Number of 12 V batteries (n)

o Expected battery constant power discharge table

32 Huawei Confidential
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 Single UPS configuration refers to the configuration of a single UPS instead of an
N system, because an N system can also be a parallel system.




Single UPS Configuration (2)

* The calculation is performed using the following method:
@ Calculate the required discharge power of each battery cell: W = P/n/(n x 6).

@ Compare the battery constant power discharge table to obtain the configuration of four

or fewer battery strings with the power deviation ranging from -5% to +10%.
@ Use the UPS charging current to check whether the UPS meets the charging requirements.

o Select the most economical solution.
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Single UPS System Configuration Example (1)

* Example: A single UPS5000-E-80K is configured, n is 0.97, the actual load is 32 kW, a
single battery string contains 32 batteries (12 V), and the backup time is 15 minutes.

* Calculation process:
o W = 32000/0.97/32/6 = 172W/cell

@ Look up the table for 1.67 V-15 min.
26 Ah constant power discharge table of a brand

o Select two 26 Ah battery strings.
oLl 5min | 10min | 15min | 30min | 1hr 1.5hr | 2hr
1.60V 208.0 135.2 104.0 59.8 33.8 235 18.3
1.67V 197.7 131.1 100.9 58.9 33.3 23.2 18.1

1.70V 192.7 129.4 99.7 58.4 33.1 23.0 18.0
1.75V 181.3 125.0 96.7 57.1 32.5 227 17.8
1.80V 156.7 1153 92.4 55.0 31.5 221 17.3
1.85v 143.5 107.7 87.3 51.8 30.2 21.2 16.7
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Single UPS System Configuration Example (2)

* Calculation process

@ Check whether the UPS charging power meets requirements:
= Calculate the UPS battery charging power as follows: when the charging power is: N_group x
N_bat x 2.35 x 0.1 x C_ah (W), the charge power is: 2 x 32 x 6 x 2.35 x 0.1 x 26 = 2346.24 W.
- N_group: number of battery strings for a single UPS
- N_bat: number of cells in a battery string. A 12 V battery contains six cells.
- C_ah: capacity of a single battery, measured in Ah
- 2.35 V: equalized charging voltage of a single battery
- 2.35x 0.1 x C_ah: charge power of each cell
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« Pay special attention to check whether the UPS charge power meets the
requirements for long backup time of a small-capacity UPS as excessive batteries
will affect the battery lifespan.

 If the battery charge current does not meet the requirement, the charge time is
prolonged. If the power is unstable, the batteries cannot be fully charged for a
long time, which causes great damage to the batteries.




Single UPS System Configuration Example (3)

* Calculation process

@ Check whether the UPS charging power meets requirements:

= The charge power of a single UPS5000-E module is 10% of the module capacity. The charge
power of the UPS5000-E-80K is 8 kW (the capacity of each power module is 40 kVA). Therefore,
the charge power meets the requirements.
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« Pay special attention to check whether the UPS charge power meets the
requirements for long backup time of a small-capacity UPS as excessive batteries
will affect the battery lifespan.

 If the battery charge current does not meet the requirement, the charge time is
prolonged. If the power is unstable, the batteries cannot be fully charged for a
long time, which causes great damage to the batteries.




Single UPS System Configuration Analysis (1)
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Single UPS System Configuration Analysis (2)

* Load power, power factor, and inverter efficiency

e The rated output power of the UPS is expressed in the form of apparent power kVA. The actual maximum
output power of the UPS is the kVA multiplied by the UPS output power factor. From the perspective of load
usage, the output power factor of the UPS is the input power factor of the load, which varies with the load
power. For example, if the nominal power of a load is 1000 VA and the input power factor is 0.7, the actual
maximum power is 700 W. Currently, some AC devices use the power factor correction (PFC) circuit to ensure
that the power factor is greater than 0.9. The power factor for common loads is 0.9.

o The UPS efficiency refers to the system efficiency, that is, the overall conversion efficiency of the current after
rectification and inversion when the UPS works properly. The battery inversion efficiency refers to the
conversion efficiency of the current passing through the battery, inverter circuit, and load when the battery is
discharging. Generally, the efficiency is higher than the UPS system efficiency. The battery inversion efficiency of
Huawei UPS5000 series is usually calculated based on 95%.
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Single UPS System Configuration Analysis (3)

* EOD voltage and discharge time

@ Why is the battery EOD voltage 1.67 V/cell in the example?

= Generally, if the battery backup time is less than 1 hour, the EOD voltage is 1.67 V/cell. If the
battery backup time is 1 to 3 hours, the EOD voltage is 1.75 V/cell. If the battery backup time is
greater than 3 hours, the EOD voltage is 1.80 V/cell.

3 Huswe Confidentil &2 HuAWE|

« Take a 150 Ah battery as an example. The discharge current is fixed at 15 A.
After the battery is discharged for 10 hours, the discharge capacity is 150 Ah. In
this case, the battery voltage should be about 1.8 V. If the battery continues
discharging, the battery may be damaged.

Theoretically, if the discharge current is different and the total discharge capacity
equals the rated battery capacity, the EOD voltage should be about 1.8 V.
Actually, the larger the battery discharge current (the shorter the discharge
time), the lower the discharge capacity. Take SD150 as an example. When the
discharge time is 4 hours, the discharge voltage is 1.8 V, and the EOD voltage is
1.8V, the power of a single cell is 63.3 W, and the total energy discharged within
4 hours is 253.2 Wh (4 x 63.3 = 253.2 Wh). When the discharge time is 1 hour,
and the EOD voltage is 1.8 V, the power of a single battery is 173 W, and the
total energy discharged within 1 hour is 173 Wh (1 x 173 =173 Wh).




Single UPS System Configuration Analysis (4)

* EOD voltage and discharge time
o Why does the EOD voltage vary with the discharge time?

= The battery capacity is expressed in Ah, that is, the current multiplied by time. Battery
manufacturers usually use a constant current to discharge batteries for 10 or 20 hours, that is,
the discharge rate of C10 or C20. That is, a normally fully charged battery discharges for 10
hours or 20 hours at the rated current, and the discharged capacity is just equal to the nominal
capacity of the battery. In this case, the terminal voltage of the battery is 1.8 V (2 V cell).

= When the EOD voltage is the same, the larger the discharge current (shorter time), the smaller
the total discharge capacity. Therefore, when the discharge time is short, the EOD voltage needs
to be reduced to ensure sufficient discharge capacity. (After the battery discharge reaches the

EOD voltage, it is difficult to discharge more capacity and the battery may be damaged.)

©  Huawei Confidentia 2 HUAWEI

« Take a 150 Ah battery as an example. The discharge current is fixed at 15 A.
After the battery is discharged for 10 hours, the discharge capacity is 150 Ah. In
this case, the battery voltage should be about 1.8 V. If the battery continues
discharging, the battery may be damaged.

» Theoretically, if the discharge current is different and the total discharge capacity
equals the rated battery capacity, the EOD voltage should be about 1.8 V.
Actually, the larger the battery discharge current (the shorter the discharge
time), the lower the discharge capacity. Take SD150 as an example. When the
discharge time is 4 hours, the discharge voltage is 1.8 V, and the EOD voltage is
1.8V, the power of a single cell is 63.3 W, and the total energy discharged within
4 hours is 253.2 Wh (4 x 63.3 = 253.2 Wh). When the discharge time is 1 hour,
and the EOD voltage is 1.8 V, the power of a single battery is 173 W, and the
total energy discharged within 1 hour is 173 Wh (1 x 173 =173 Wh).




Single UPS System Configuration Analysis (5)

* Number of batteries

@ According to the calculation formula, the battery configuration varies with the number of
batteries. In some special cases, batteries are over-configured to ensure that the battery
capacity meets the customer’s requirements (if the number of batteries supported by the
UPS is variable). In this case, if you configure an appropriate number of batteries, the
overall cost can be reduced on the premise that the customer’s requirements are met.
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Parallel System Configuration (1)

* The battery calculation in a parallel UPS system is the same as that in a single UPS system.
However, considering factors such as costs and space, the battery calculation in a parallel
UPS system can be optimized. The solutions in descending order of cost are as follows: single
UPS power backup (highest reliability) > system power backup > battery string sharing
(lowest reliability).

¢ Single UPS power backup solution

o Each UPS is equipped with one or more battery strings. When a UPS is faulty, the UPS and the
battery strings connected to it exit the parallel system, and the remaining battery strings can supply
sufficient power to the UPS.

o Example: The load is 300 kVA, three 200 kVA UPSs are used to form a 2+1 system, and the backup
time is 10 minutes.
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« The parallel system refers to the N+X solution. The N+1 solution is used as an
example. The dual-bus system will be described later.




Parallel System Configuration (2)

¢ Single UPS power backup solution

o When single UPS power backup is used, batteries can be configured based on the single UPS load
power of 150 kVA (300/2=150 kVA) for 10 minutes. Each UPS is configured with the same battery
string.

o Note: In this solution, the backup time is longer than the time required by the customer when the
UPS system works properly. When the redundant UPS is faulty and exits the system, the backup

time of the entire UPS system can still meet the requirements.
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« The parallel system refers to the N+X solution. The N+1 solution is used as an
example. The dual-bus system will be described later.




Parallel System Configuration (3)

¢ System power backup solution

o |f the customer does not specify the backup time of a single UPS, batteries can be configured in
load balancing mode. In this case, when all UPSs are working, the system backup time can be
ensured. However, if one UPS is faulty (the battery string is unavailable), the remaining battery
strings cannot reach the required backup time.

o Example: If the load is 300 kVA, 200 kVA UPSs are connected to form a 2+1 system, and the backup
time is 10 minutes, batteries can be configured based on the single UPS load power of 100 kVA
(300/3 =100 kVA) for power backup of 10 minutes.
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Parallel System Configuration (4)

¢ System power backup solution

o |f the load power is 500 kVA, 200 kVA UPSs are connected to form a 3+1 system, and the backup
time is 10 minutes, batteries can be configured based on the single UPS load power of 125 kVA
(500/4 =125 kVA) for power backup of 10 minutes.

o Note: The backup time of the entire system meets the requirements only when the UPSs work
properly. If the redundant UPS is faulty and exits the system, the backup time cannot meet the

requirements.
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Parallel System Configuration (5)

¢ Battery string sharing solution

o To reduce the overall cost, the battery string sharing solution can be used. When battery strings are
shared, all battery strings and UPSs are connected to the same busbar.

o Advantages: Because battery strings are directly connected in parallel, they can be configured for
one UPS. Battery strings do not need to be evenly distributed to each UPS. In some scenarios, costs
can be reduced. (If the total capacity is the same, the cost of a small number of battery strings is
low. For example, three 400 Ah battery strings are cheaper than four 300 Ah battery strings. In
addition, related accessories such as battery racks and switch boxes are fewer.)

o Disadvantage: SPOF may occur. If one battery string is faulty, all batteries may be unavailable. In
actual applications, each battery string should be configured with an independent switch.
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Parallel System Configuration (6)

* Comprehensive comparison of configuration solutions:

o A 2+1 parallel system consisting of 200 kVA UPSs for 300 kVA loads is used as an example. The
backup time is 15 minutes.

Solution cost comparison

Battery backup solution Battery Price (¥) | Reliability
Single UPS power backup 3 x (100 Ah, three strings, 32 batteries) | 475,137 High
System power backup 3% (100 Ah, two strings, 32 batteries) | 308,628 E;“"g'ﬁ‘“"e'y
Battery string sharing 150 Ah, four strings, 32 batteries 293,329 Medium
Battery string sharing + Battery 100 Ah, four strings, 40 batteries .
quantity adjustment and optimization 244,985 | Medium

= Note: The price in the table includes the prices of the battery rack and battery switch and is the price of the
entire battery system.
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» Conclusion:

= Battery configurations cannot be accurately matched. To meet customer
requirements, over-configuration often occurs.

= Compared with single UPS power backup, system power backup reduces
the cost by about 35%.

= Compared with single UPS power backup, battery string sharing reduces the
cost by about 40%.

= By adjusting the number of batteries, the cost can be reduced by about
12% compared with the solution with a fixed number of batteries.

» The total cost is the lowest when battery strings are shared and the number of
batteries is adjusted. Compared with the maximum configuration solution, the
cost is reduced by about 50%. In a common UPS configuration solution, the
battery string cost accounts for 20% to 40% of the total cost. If the backup time
is long, the battery string cost may even exceed the UPS price. Therefore, it can
be concluded that the UPS solution quotation can be reduced by 10% to 30% by
optimizing the battery string configuration.




Parallel System Configuration (7)

* Dual-bus system

@ System power backup solution
= The loads of the dual-bus system are balanced. Path A carries half of loads while path B carries
the other half. The battery configuration can be reduced, and the entire system can still meet
the customer's requirements. However, this solution reduces the system availability.
@ Single UPS power backup solution
= Both path A and path B can meet the basic capacity and designed backup time. Path A can fully

back up path B. For the UPS system, this solution is a dual-bus system in the strict sense.
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1. (short-answer question) What are the advantages and disadvantages of a

distributed redundant system compared with a dual-bus system?

2. (short-answer question) What are the battery configuration solutions for a
parallel UPS system?
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* 1. Answer

o Advantage: The UPS load rate of the system is higher than that of 2N when
two power supplies are available, which reduces costs.

= Disadvantage: The system operation and maintenance (O&M) are complex
because loads need to be partitioned. When a load is added, the group to
which the load is added must be specified. The loads of all UPS groups
must be basically the same.

* 2. Answer

o Single UPS power backup solution: The number (N) of requisite UPSs is
used for calculation. The actual backup time exceeds the required time. If
the redundant UPS is faulty, the backup time of the system can still meet
the requirements.

o System power backup solution: The number of all UPSs is used for
calculation. The backup time meets requirements only when all UPSs in the
system are running properly. If one UPS is faulty, the remaining UPSs
cannot meet the backup time requirements.

o Battery string sharing solution: All battery strings are connected to the UPS
through a bus. The cost is low, but the reliability is reduced accordingly.




Thank you.

EHFHFFABIA. SIRE.
SMER, RS MEEIEREHR,

Bring digital to every person, home, and
organization for a fully
intelligent world.

Copyright©2020 Huawel Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain predictive
statements Inciuding, without limitation, statements regarding
the future financial and operating results, future product

portfolio, new technology. etc. There are a number of factors that
could cause actual results and developments to differ materially
from those expressed of implied in the predictive statements
Therefore, such information is provided for reference purpose
only and constitutes neither an offer nor an acceptance. Huawei
may change the information at any time without notice

2 HUAWEI




Data Center Low-Voltage Power Distribution
System Planning

V2 HUAWEI




1

Contents

1. System Composition
2. Planning Preparation

3. Planning Method

Huawei Confidential

2 HUAWEI




System Scope
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System Overview

. &
Main components Components of a low-voltage power distribution system

e A low-voltage power distribution system consists of a
low-voltage power distribution frame (PDF) and power

cables.

o The low-voltage PDF leads in the low-voltage mains Diesel generator (DG) _ Step-down transformer

output from the transformer, distributes the mains to the ” ‘ ‘ N
uninterruptible power system (UPS) PDF, DC PDF, and %

power PDF, which distribute the mains power to loads.

o Power cables are used to connect systems at all levels
and lead power from the mains to loads. Conductors
include cables and busways, and they have different

= E] E]
5 < miz §E§ u :!3\; L5 33
application scenarios. a3t sl 5- s 5'
\ DC PDF UPS PDF Air conditioner /l
N PDF _/
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The low-voltage power distribution system of a data center refers to the power
distribution system with an AC voltage of 1200 V or lower.

The low-voltage PDF consists of the circuit breaker, fuse, load switch, automatic
transfer switch (ATS), and electric energy metering device.
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Planning Preparation - Requirement Input
* Data center levels determine the power supply solution for loads, for example, single
or dual power supplies.

* Load power and voltage modes determine the capacity and type of low-voltage
electric devices, for example, single-phase circuit breakers or three-phase circuit
breakers.

Hoawel Confdential &2 HuAWE|

« The data center reliability level should be determined. Generally, for Tier Il or
higher, the dual power supply solution is used to provide two independent power
supplies for dual-power loads such as ICT equipment, air conditioners, fire
extinguishing devices, and lighting devices. For Tier IV, each subsystem adopts
the 2N redundancy mode. If Tier Il or lower is required, the single power supply
solution is generally used for loads. The implementation of these two solutions
must comply with relevant standards such as Uptime or TIA-942.

 In the dual power supply solution, to ensure that the entire IT loads run normally
when one power supply fails, the low-voltage electric device and conductor
specifications of each power supply should be determined to support the load
rate of 100%.

 If the dual power supply solution is used for single-power loads in the data
center, such as air conditioners, lighting devices, and even ICT equipment, the
ATS, manual transfer switch (MTS), or static transfer switch (STS) (for single-
power service loads) is required. When one power supply is faulty, the
ATS/MTS/STS switches to the other power supply to ensure power supply. For
dual-power loads, use dual power supplies.
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Planning Procedure

Conductor seection Determine the conductor type (cable or bus).

PDF configuration

Low-voltage electric neunspedﬁcat:g and dr:‘r:ltberofmalm-
device selection ge electric devices, such as circuit breakers and ATSs.

lect statistics on the load levels of IT devices, lighting, fire
Load level and power nguishing devices, andchlllersSehctapowegm o

supply solution selection up)
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Typical Power Supply Solution (1)

Single power supply Pseudo dual power supplies

High- and medium-voltage
power distribution system

| POF |
el for]  [eou]
L_PChad ] £ A Toad" 1
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« The single power supply solution on the left is often used in the Tier | or Tier Il
data centers. If you want to improve reliability or dual power supply IT loads are
used, you can use the pseudo dual power supply solution on the right.




Typical Power Supply Solution (2)
Dual power supplies

High- and medium-voltage
( > ) ( i} ) power distribution system

("') ("") (GQ) (G)

Bus-tie PDF

I_
; ATS

PDF

ACload *

DCload _ -
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Note that the preceding figure is a rough topology. The final design prevails.

The dual power supply solution is generally used in Tier Il or higher data centers.
For key loads such as air conditioners, lighting, and fire extinguishing devices, an
ATS needs to be configured to facilitate online maintenance.

In the dual power supply solution, a bus tie switch can be configured to improve
reliability.
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Calculating the Capacity of Low-Voltage Electric Devices

* Current calculation method

@ Measure the active power of each load, and calculate the current using the following
formulas. The rated current of a low-voltage electric device is equal to the calculated

current multiplied by a coefficient ranging from 1.2 to 2.0.
@ Single-phase load: P = Ul cos ¢, 1=P/Ucost

= where:[/: single-phase voltage; cos @ : power factor; P: active power; [: calculated current;

@ Three-phase load: P — \/§U[ cos &

= where:{/: line voltage; cos @ : power factor; P : active power;]: calculated current.
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Low-Voltage Electric Device Selection - Circuit Breaker

* Circuit breaker classification:

o The miniature circuit breaker (MCB) is installed at the upstream side of small loads or on the PDU in the cabinet. Its operating

current is less than 100 A.

o The molded case circuit breaker (MCCB) applies to medium-sized loads, such as medium-sized UPS PDFs. Its operating current
ranges from 100 A to 1000 A.

o The air circuit breaker (ACB) is mainly used in the low-voltage main PDF. Its operating current is generally greater than 1000 A.

* In the low-voltage power supply system of a data center, the initial rated current of low-voltage electric devices
such as circuit breakers is determined based on the calculated operating current.

* For example, if the total capacity of the single-phase load is 20 kW, the calculated current | = 20000/(220 x 0.8) =
113.6 A. Multiply the calculated current by the coefficient 1.23. The rated current of the circuit breaker to be
selected Inis 140 A. If the heat dissipation condition of the PDF is poor, select a 160 A circuit breaker.

* Hierarchical protection should be used in the power distribution system of data centers.
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In the low-voltage power supply system of a data center, the initial rated current
of low-voltage electric devices such as circuit breakers is determined based on
the calculated current.

According to the related standard, the rated current of a circuit breaker is tested
on a separate circuit breaker without shells. Therefore, if the device is installed in
a power distribution box (PDB) or PDF with poor heat dissipation, the circuit
breaker capacity should be derated to 0.7-0.8. For other low-voltage electric
devices such as fuses, the rated current calculation is similar to that of circuit
breakers, that is, by multiplying the calculated current by the corresponding
coefficient.

In the power distribution system of a data center, hierarchical protection should
be used. That is, if a system has multiple levels of circuit breakers, the rule of
selecting circuit breakers is to ensure that when a circuit breaker at a certain level
is faulty, only the circuit breaker at the corresponding level trips and the power
of other levels is not affected. Therefore, a circuit breaker should have a lower
capacity than the upstream one and larger capacity than the downstream one.




Low-Voltage Electric Device Selection - ATS

* The ATS is used to automatically switch between the mains supply and the DG supply, or to
provide dual power supplies for devices such as air conditioners. The STS is used to provide

dual power supplies for single-power critical loads. The selection rules are as follows:

o The ATS and STS should be selected based on the rated operating voltage and calculated current.

The rated current of the selected device should be greater than or equal to the calculated current.
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ATS Typical Application Solution (1)

* Working logic: Switchover between one mains input

. . and one standby generator
2 When a mains outage occurs, the ATS sends a startup signal

Emergency generator

to start the standby generator.
Mol
The ATS automatically detects the voltage and frequency of e E

the standby generator. When the voltage and frequency !

the generator supply.

reach the rated values, the ATS automatically switches to ’WY\ )

o After the mains is restored and stable, the ATS automatically r_'_.i._‘
switches back to the mains supply. ) ) ) )
| | | .

e The ATS sends a stop signal to shut down the standby
Non-critical load
generator after DG cold start.

* This solution applies to scenarios that require low costs
and low reliability.
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« Note: The figure only displaies the switching between the DG and mains. The

power supply topology of loads is not displayed.



ATS Typical Application Solution (2)

* |If the customer wants to improve the power supply reliability, how to configure a
standby DG or mains?

o 1 mains supply + 2 DGs (one active and one standby)

@ 2 mains supplies (one active and one standby) + 1 DG
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ATS Typical Application Solution (3)

* Switchover between one mains input and two standby switchover between one mains input and
generators two standby generators

e |If the mains supply fails, the generator G1 starts and ATS 1 G1 G2 standby
generator generator

Mains
switches to the generator.

= If both the mains supply and G1 generator supply fail, the G2
generator starts and ATS 2 switches to the G2 generator.

=

= In this solution, when the mains supply fails, the generator
directly carries the load. There is a redundant generator, so the

reliability is relatively high. 0
ATS2

= This solution applies to scenarios where the mains supply is
normal and high reliability is required.

ATS1
L~-
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ATS Typical Application Solution (4)

* Switchover between two mains inputs and one
standby generator
e If mains 1 or 2 fails, the generator is not started,
and ATS1 switches to mains 1 or 2.
= When both mains 1 and mains 2 fail, the generator

starts, and ATS2 switches to the generator.

© This solution has high reliability when the mains
supply is normal. If the mains supply is unavailable,
the DG directly carries the load, and the reliability

is relatively low.

= This solution applies to scenarios where the mains
supply is good and high reliability is required.

18 Huawei Confidential

Switchover between two mains inputs
and one standby generator

Mains 1 Mains 2

WLl
AT ATT
2516

ATS 1

ATS 2

M

Emergency generator
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ATS Typical Application Solution (5)

* |If the customer requires higher power supply reliability and wants to deploy two
mains inputs and multiple standby generators, how to achieve this?

Switchover between two mains inputs and multiple standby generators

Mains 1 Mains 2
WAL

ey
mw T
p P

ey
r— Bus tie switch
\ v

Emergency generator

19 Huawei Confidential g@ HUAWEI




Reactive Power Compensation

* In a data center, reactive power compensation is required for low-voltage power
supply to achieve the required power factor and improve the power grid quality. The
formula for calculating reactive power compensation is as follows:

AQ = P x(tan 6, — tan 6,)
o 491 is the angle of the power factor before the compensation.
o U, is the angle of the power factor after the compensation.
o P is the active power.

* Then select the corresponding capacitor based on the calculated reactive power.

2 HUAWEI
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« Obtain the active power, reactive power, and apparent power of all devices.
Calculate the power factor of the current data center based on the active power,
reactive power, and apparent power, and calculate the reactive power to be
compensated based on the formula.

« The power factor after compensation should be 0.9 or above.




Example of Reactive Power Compensation

* Load statistics of a data center:
o Active power: 2739.47 kW, reactive power: 1701.81 kVar; total apparent power: 3225 kVA;

current power factor: 0.85; power factor after compensation: 0.9.
* The calculation is as follows: AQ = P x (tan ¢, — tan €,)
2739 x (0.619 - 0.4843) = 369 kVar

@ After compensation: active power: 2739.47 kW, reactive power: 1332.81 kVar, total
apparent power: 3043 kVA, power factor: 0.9.

2 HUAWEI
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Section Summary

* Determine which loads are powered by the UPS and which loads are powered by the mains.

* Complete the preliminary power supply solution. For loads with dual power supplies, use
dual power supplies. For important loads with a single power supply, use dual power
supplies and ATS/STS switching.

* Understand the switchover solution between the mains supply and DG.

* Estimate the reactive power compensation scale.

* Calculate the capacity of low-voltage electric devices for different loads and the number of
low-voltage electric devices, for example, the low-voltage electric devices numbers for UPSs,
chillers, and other power equipment such as the cooling water pump. This helps determine
the number and capacity of low-voltage PDF.
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Low-Voltage PDF (1)

* The main low-voltage PDF is the load control center in a data center. It is a set of combined cabinets
including the cable entry cabinet, reactive power compensation cabinet, bus-tie cabinet, and feeder
cabinet.

* Passing through a transformer, the high-voltage mains supply is stepped down and connected to the
general switch of the cable entry cabinet. The output end of the general switch is connected to the bus
of the PDF. The current passes the feeder cabinet, reactive power compensation cabinet, and bus-tie
cabinet through the bus. The bus-tie cabinet is used to switch between multiple power supplies.

o Note: If two power inputs are required for important loads, use a bus-tie cabinet to connect the two main low-
voltage PDFs to improve system reliability. In normal cases, the two low-voltage PDFs run separately, and the

bus interconnection switch is turned off. When one mains supply is faulty, the bus interconnection switch is

turned on, and the normal mains supplies power to loads.
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Low-Voltage PDF (2)

* Based on the calculated number and size of low-voltage electric devices such as circuit
breakers and the power supply system diagram, determine the number and capacity of PDFs,

and determine the position of each PDF and the number of loads connected to each PDF.

* Common PDFs used in data centers are GGD, GCK, GCS, and MNS (in China). The GGD is a
fixed PDF, and the other three are drawable PDFs.
GGD GCS GCK MNS

2 HUAWEI

The GGD AC low-voltage PDF applies to the power distribution system with the
AC frequency of 50 Hz, rated operating voltage of 380 V, and rated operating
current of less than 3150 A. It is used to convert, distribute, and control power for
power, lighting, and power distribution devices. The disadvantages of the GGD
are that the loop is few, the units cannot be combined arbitrarily, the footprint is
large, and it cannot communicate with the computer.

The GCK low-voltage drawable switch cabinet consists of a power distribution
center (PC) and a motor control center (MCC). It is applicable to the power
distribution system with an AC frequency of 50 Hz, a rated operating voltage of
less than or equal to 660 V, and a rated current of 6300 A or lower. It can
distribute power for power devices and lighting and control motors. The cabinet
is made of type-C materials, and the height of a standard unit (E) is 25 mm.

The GCS low-voltage drawable switch cabinet is used in a power
supply/generation system with a three-phase AC frequency of 50 Hz, rated
working voltage of 400 V (690 V) and rated current of 4000 A or lower. It
controls the power devices and motors, distributes power, and compensates
capacitance. The cabinet can be operated only from one side. The cabinet is
made of type-KS materials, and the height of a standard unit (E) is 20 mm.

The MNS cabinet can be operated from two sides. The depth of the cabinet is
600 mm, 800 mm, or 1000 mm, and the supported current of the cabinet reaches
6300 A. The cabinet is made of type-C materials, and the height of a standard
unit (E) is 25 mm.




« Drawable cabinet:

o The height of the cabinet is 2200 mm, and the effective height of drawers
(that is, the height of drawers) is 1800 mm. Therefore, the two types of
cabinets can be installed with nine layers of drawers. 8E (E = 20/25) =
160/200: The drawer heights are less than 1800.

o |n the following example, E=25.

o 8E/4 = 200/4 (indicating that four drawers are placed in the space of 200
mm high and the width is 150 mm)

o 8E/2 = 200/2 (indicating that two drawers are placed in the space of 200
mm high and the width is 300 mm)

o 8E: The drawer height is 200 mm and the width is 600 mm. 12E: The
drawer height is 300 mm and the width is 600 mm.

o 16E: The drawer height is 400 mm and the width is 600 mm. 20E: The
drawer height is 500 mm and the width is 600 mm.

o 24E: The drawer height is 600 mm and the width is 600 mm.
« The heights of common circuit breakers with different capacities are as follows:

= Molded case circuit breaker (MCCB) less than 250 A: 200 mm, occupying 8E
(one drawer)

o 400 A or 630 A MCCB: 400 mm, occupying 16E (two drawers)
= 800 A MCCB: 600 mm, occupying 24E (three drawers)



* Quantity of MCCBs installed in a low-voltage switch cabinet (for reference):
= Three 800 A MCCBs can be installed in a cabinet.
s Four 400 A or 630 A MCCBs can be installed in a cabinet.

= A maximum of nine 250 A or lower MCCBs can be installed in a cabinet.



Example of Low-Voltage PDF Configuration (1)

* The low-voltage side works in single bus mode and bus tie switches are configured. At any time, there
are only two main inlet switches and bus tie switches are turned on.

» Critical loads are powered by two supplies, two different transformers, and different buses.

0.4 kV bus 0.4 kV bus 0.4 kV bus 0.4 kV bus

bl u; ;u L

)Y RIRAREI

VT "
R e o e e | el il B adada ud e el | o

ledled[LmiLmdl [Lo.]alLo.mlLoad Loaa ) I I | ] I
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« Note that in a large-sized data center, different transformers are used for UPS
loads and power loads to avoid mutual impact.




Example of Low-Voltage PDF Configuration (2)

* (Cable entry cabinet: main cable
entry ACB, 5000 A.

* Cable outlet cabinet: 1250 A ACB,
responsible for supplying power to
chillers. One cable outlet cabinet
can be installed with only two
ACB.
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Circuit breakers for chillers: 500000/0.8/380/1.732 = 950; Round up and select

1250 A circuit breakers.




Example of Low-Voltage PDF Configuration (3)

* Cable outlet cabinet: eight loops in
total.

* Calculate the capacity of low-voltage
electric devices corresponding to
different loads and the number of
cables required, and then determine
the PDF model based on the PDF
space and current capacity.
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Power Cable Selection

* Common power cables in a data center include cables and busways.

* A cable consists of copper cores, an insulation layer, and a jacket. Cables are classified into single-core
cables, three-core cables, three-phase four-wire cables, and three-phase five-wire cables.

* A busway consists of the conductive strip, protective shell, and connector box. It is used in scenarios
with large calculated current and load density.

Busway

cables

i s :
¥y :
. ! - ! Feeder unit
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 In the power distribution system of a data center, the conductor type is selected
based on the load type, calculated current, and onsite conditions. For example, if
the calculated current of a loop exceeds 400 A, the cross-sectional area of a
common cable is too large and hard to install. In this case, the busway power
supply solution should be chosen. In addition, if there are many terminal devices
in the power distribution system, for example, dense loads in cabinets, the
busway power supply solution is also suitable when factors such as economy and
cabling space are considered. The busway solution is also a trend.




Cable Selection Rules

* The cable type (rigid or flexible and insulation layer type) is determined based on factors such as
construction site characteristics, nature of power loads, and capacity. The cable specifications are
determined based on the calculated current and the cable specifications provided by the manufacturer.

o Select the cable type based on the power supply mode. For single-phase power supply, use single-core or three-
core cables. For three-phase power supply, use three-phase four-wire or three-phase five-wire cables.

e Select the corresponding cable cross-sectional area based on the calculated current according to the table of the
current-carrying capacity of cables.

o Select the appropriate fireproof material of cables according to the requirement on data center reliability level.
The fireproof material must comply with the American standard (NEC), European standard (IEC), or Chinese
Ministry of Public Security standard (GA 306). In China, ZA-YJV, BVV, and RVV cables are generally used.

2 Huawe Confidentil 2 HUAWEI

In a three-phase four-wire power distribution system, the current-carrying
capacity of the N wire should be no less than the sum of the maximum
unbalanced load current and harmonic current in the line. When the phase wire
is not greater than 16 mm2 (copper) or 25 mm2 (aluminum), the neutral wire
should have the same cross-sectional area as the phase wire. When the phase
wire is larger than 16 mmz2 (copper) or 25 mm2 (aluminum), if the neutral wire
current is small, the N wire can have a smaller cross-sectional area than the
phase wire but cannot be smaller than 50%. The current-carrying capacity table
provided by the manufacturer generally takes phase wire selection into
consideration. Therefore, select the cable type based on the current.

ZA-YJV: copper-core XLPE insulated PVC sheathed class A flame-retardant power
cable




Busway Selection Rules

* The busway is applicable to the power supply and distribution system with a rated
current of 250 A to 6300 A. The selection requirements are as follows:
o High protection level.

o When the calculated current of the loop is greater than 400 A, the busway power supply
system is recommended.

o When terminal devices are densely deployed, busway power supply lines are

recommended to improve reliability and reduce installation difficulties.
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« For example, if the operating current of a large-sized UPS exceeds 1000 A, a
busway can be used to supply power from the main low-voltage PDF to the UPS
PDF.




Comparison Between the Cable and Busway Solutions (1)

Power
distribution unit

Cable power distribution solution Busway power distribution solution

Cables are routed separately and there

F fi i
are many loops. Each time a new device ewer. \aops am.j AUt points easy
is added, cables need to be re-led from GepectysgRnSior, avd it tial

length of ly paths.
the PDF, causing many fault points. ARGEN.OLPOWe:SUPRY. pashs

%
~
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Comparison Between the Cable and Busway Solutions (2)

Item

Cable Solution

Busway Solution

Material cost

Relatively low

Relatively high

Installation mode

During cable installation, cable trays must be

configured if cables are exposed. Trenches need to be

dug for underground routing, which requires high
construction costs.

Easy to install. Dedicated installation supports are
provided.

Footprint

Cables with large diameters require a larger turning
radius.

Elbows can be used at the turning of a busway, which
occupies a small space.

Current-carrying

Maximum current of a single cable: 400 A (VV type)

Maximum: 6300 A (intensive)

capacity
Circuit voltage drop Large Small
Service life 10-15 years = 20 years
The design must be based on the floor plan. In

Solution design

Designed based on the power supply and distribution
layout and does not need to be customized.

addition, the site survey must be performed, and the
straight section and elbow must be customized based
on the site requirements.

Capacity expansion
mode

Cannot be expanded. Cables need to be connected to
the PDF again.

A branching loop can be added at the branch port.

Power transmission
loss

Low

High
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Summary

» System Composition
* Planning Preparation
* Planning Method
2 Planning Procedure
o Power Supply Solution Selection
o Low-Voltage Electric Device Selection
o Low-Voltage PDF Configuration

o Conductor Selection
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1. (short-answer question) Why is reactive power compensation required for a data

center?

37 Huawel Confidenta 2 HUAWEI

1. This is a requirement of the power company. The initial power factor of data
center loads is generally less than 0.9. When the power is small, the quality of the
power grid is affected because power consumption is large in data centers. When
the power factor is small, the same power requires a larger current, and the line
loss also increases. Therefore, reactive power compensation is required.




Thank you.
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Data Center Diesel Generator System Planning
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Foreword

* The slides describe the diesel generator (DG) system planning for data
centers, including the DG system requirement analysis, DG networking

mode, DG model selection, DG capacity calculation, and fuel tank capacity
calculation.

1 Huawei Confidential
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Objectives

On completion of this course, you will be able to:
o Get familiar with the DG system requirement analysis.
o Get familiar with the DG system networking modes.
o Master DG model selection.

o Master DG capacity calculation.

Huawei Confidential
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System Scope

* The following figures show the position of a DG subsystem in a power supply and distribution system.

Mains input
220KV ~35KV. _

Medium voltage
Low-voltage DG 9

35kV~6kV
I ATS I
I L
H i
| ups I |. o Power POF | | UPS qunmg Homer
PDF ! ! ghing |
Looed L_PoE 100
pypmmn | o | 4 'VL'(' Jt 'L'; ::l—‘ -L‘- e
: 4 Wt ans. atef i
cabinet cabinet, | mneym’:: pumps :CRAC zgm"sumn 3:. Ughtng !
Low-voltage DG system
4 Huawei Confidential

Mains input 220kV ~

High-voltage DGs

Transformer

Medium-voltage PDF

DC array | { Low-voitage }{Fans & Water sl
cabinet | | chiller 1t pumps It

W
1
H

AC arr Fire
| 2 conn

cabinet

High-voltage DG system

2 HUAWEI




System Overview

* A DG system is composed of a diesel engine, generator, control panel, fuel tank and

SO on.

DG exterior

Huawei Confidential 2 HUAWEI

Engine: a machine that converts a type of energy into another type of energy,
usually chemical energy into mechanical energy. Sometimes it refers to a
mechanical energy generation device. It can also refer to the entire machine
including the mechanical energy generation device, such as a gasoline engine and
an aeroengine. The engine was invented in England. The engine concept was also
originated from English. Its original meaning is "an apparatus that produces
mechanical energy."

Generator: It has many forms, but all operate according to the law of
electromagnetic induction and electromagnetic force. Therefore, the general
structure of the generator is as follows: Circuits and magnetic circuits that are
inductive to each other are made of appropriate magnetic and conductive
materials to generate the electromagnetic power and achieve the purpose of
energy conversion.

Control panel: serves as an auxiliary device of the DG for users to operate and
control the DG as well as set and view the operating parameters (voltage and
frequency) and status of the DG. It consists of power distribution, mechanical
energy, and signal ports.




6

Contents

1. System Composition
2. Planning Preparation

3. Planning Method

Huawei Confidential

2 HUAWEI




Planning Preparation - Requirement Analysis

* Requirement analysis

@ Data center tier: The data center tier determines the DG redundancy mode and DG

operating mode (backup, limited-time running, or continuous running).

@ Qperating environment: altitude, ambient temperature and humidity, and indoor or
outdoor environment

@ Total load: The total load determines the DG type, capacity of a DG, and the number of
DG.

7 Huawe Confidentil 2 HUAWEI

The data center DG is generally a three-phase one. According to the reliability
requirements, the running mode is backup/limited-time running/continuous
running, and the redundancy mode is N, N+1, or 2N.

If the system reliability level is Uptime Tier |, select the N redundancy mode. If
the system reliability level is Uptime Tier Il or Ill, select the N+1 redundancy
mode. If the system reliability level is Uptime Tier IV, usually select the 2N
redundancy mode.

Select an appropriate voltage level and frequency based on the local voltage
system. There are two voltage levels: high voltage (about 10 kV) and low voltage
(about 0.4 kV).

Total load: Calculation based on the preceding information.
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* Operating environment

o

Indoor or outdoor: IP rating. If the DG is deployed outdoors, a high IP rating
is required.

Ambient temperature and humidity: The normal operating temperature of
the DG ranges from -15° C to +40° C. If the temperature is beyond this
range, protection measures must be taken for the DG. For example, if the
temperature is low, auxiliary startup measures should be taken. The air
humidity also affects the DG. If the DG is used in an environment with high
air humidity for a long time, the DG will be greatly damaged or even
cannot be used.

Altitude: DG are used in places with an altitude lower than or equal to 1000
m. When the altitude exceeds 1000 m, the output power is derated. Higher
altitude leads to lower local atmospheric pressure, thinner air, and lower
oxygen content. As a result, the combustion condition of the DG
deteriorates due to insufficient air intake.
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Planning Procedure

Determine the fuel tank capacity based on the
backup time and hourly fuel consumption.

DG capacity configuration

e the high-voltage or low-voltage DG.
DG selection ine the working conditions:

 Determine redundancy mode of the DG.
Networking mode selection
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Running Mode

Single Operating Parallel Operating

| — Communicatigns
Topology |

—— Power cable

Df

E Control Control
—E Control panel | panel panel

Output circuit PDE
breaker Output PD Output Parallel Output circuit
circuit breaker cabinet/PDF breaker
. . The power of parallel DG can reach 12 MVA or higher.
Power range Maximum power of a single DG: 3600 kVA P P 9

(Theoretically, it can be infinite.)

Maintenance | DG can be maintained only when they are powered

DG can be maintained in turn, and power-off is not required.

mode off.
Technical Eaov i denlov die tosimole controlliogics Difficult to deploy due to complex control logics. The voltage,
complexity Y rey P 9ics- frequency, and phase must be synchronous among parallel DG.
Applicable Medium- and small-sized data centers and large- §
. ) Large-sized data centers
scenario size modular data center.
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 Parallel operation requires auxiliary parallel cabinets, synchronization modules,
load distribution modules, and air circuit breakers allowing fast switch-on.

» Application scenario of the single operating solution

= A single DG supports a maximum capacity of 3600 kVA. If the low-voltage

power distribution capacity is less than 3600 kVA, the single operating
solution can be used. Then connect the DG output cabinet and transformer
output cabinet to the low-voltage power distribution system through an
ATS. The capacity of the single operating solution can meet the
requirements of small- and medium-sized data centers. If the single
operating solution can meet the power requirements of a large-sized
modular data center, the single operating solution can be used. For systems
with the same power, the cost of a single operating solution is lower than
that of a parallel solution.

» Application scenario of the parallel solution

o

The maximum capacity of a parallel system is not limited. Non-modular
large-sized data centers have high power supply requirements, and the
single operating solution cannot meet the system capacity requirements. In
this case, the parallel solution is required. For example, in the DG parallel
solution of a data center, five 500 kVA DG are used to form a 4+1 system.




Redundancy Mode (1)

N Solution (No Redundancy)

N+1 Solution

2N Solution

Topology

N DG

Parallel output cabinets

N DG 1 redundancy

*5e%

Parallel output cabinets ‘

A

Reliability level

The reliability is poor. The N
solution meets the Uptime Tier I
requirements.

The reliability is favorable. The N+1
solution has one redundant DG and
meets the Uptime Tier II or I
requirements.

The reliability is high. The 2N
solution has N redundant DGs and
meets the Uptime Tier IV
requirements.

DG
maintenance

If any DG is being maintained,
less than N DGs can be running.

DGs can be maintained one by one.

One group of N DGs can be
maintained simultaneously.

Technical complexity is relatively high,

Technical complexity is high, and the

Technical Technical complexity is low, and ) redundant N DGs can be standby or
i o . and control logics need to be added to . . .
complexity standalone running is applied. running simultaneously with the
control the DG startup and stop.
other N DGs.

Applicable . i . . .

scenario Small-sized data center Medium- and large-sized data center Medium- and large-sized data center
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« Application scenarios of the N solution (no redundancy)

= The DG configuration can meet the requirements of the system. When the
mains supply fails, the N DG can supply power to key loads. However, the
system has no redundancy, so it does not support online maintenance and
has a single point of failure (SPOF). That is, if any DG stops running, the
power requirement of N DG is not met. This solution applies to scenarios
with low system availability, such as small-sized data centers. It meets the
Uptime Tier | requirements.

« Application scenarios of the N+1 solution

= The reliability of the N+1 solution is higher than that of the N solution. If
the topology design is reasonable, the solution supports online
maintenance. That is, if one DG is stopped as planned, the power
requirement of N DG is not affected. This solution applies to medium- and
large-sized data centers that require high reliability. The solution meets the
Uptime Tier Il requirements. If the line design is reasonable and online
maintenance can be implemented, it will meet the Uptime Tier Il
requirements.
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« Application scenarios of the 2N solution

o

The 2N solution has the highest reliability. Sometimes, the 2(N+1) mode is
used, which is similar to the 2N mode. In the 2N mode, dual power supplies
are provided. All key loads are powered by dual power supplies. Therefore,
the 2N mode can meet the fault tolerance requirements. That is, any single
point of failure in the DG system does not affect the power requirement of
N DGs. This solution applies to large-sized data centers that require high
reliability. If the design is reasonable, the system can meet the Uptime Tier
IV requirements.




Redundancy Mode (2)

* How can the following N+1 redundancy mode meet Uptime Tier III requirements

through cable connection design?

N DGs 1 redundancy

Parallel output cabinets
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» There are three control logics for a parallel DG system.

o

Logic 1: After receiving the power failure signal, all DG are started at the
same time. That is, no matter how much the load is, the N+1 DG connected
in parallel always run at the same time.

Logic 2: DG are started at the same time, and then cut off according to the
load capacity.

Logic 3: After receiving the power failure signal, the system starts only one
DG and determines whether to start other DG based on the load capacity.

The first control logic, that is, all DG are always online, is recommended for
data centers. This mode prevents frequent DG startup and stop when the
load capacity fluctuates rapidly. In addition, the internal resistance and
impacts of harmonics can be reduced when multiple DG run at the same
time, facilitating the stable running of the DG. The second control logic
applies to scenarios where the load capacity changes slowly and this logic
consumes least fuel. In the third control logic, DG are started in sequence,
which is applicable to scenarios with small initial load and fixed load
growth.




Redundancy Mode (3)

* In this mode, two paths are designed for the DG subsystems based on the N+1 DG solution.

* Both the two solutions in the following figures meet Uptime Tier Il requirements. However, the cost of
the solution on the right is lower compared with the solution on the left because at least two three-in-
one DG cabinets can be saved.

* In addition, two low-voltage bus tie switches are used to further improve the system reliability.

Two solutions that meet Uptime Tier IIl requirements
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On the premise that Uptime Tier Ill requirements are met, the solution on the
right saves costs compared with the solution on the left. At least two three-in-
one diesel generators and cabinets are not required.

The low-voltage bus tie switch is also adopted in the above two segments of low-
voltage bus, so that the system reliability is further improved.

The low-voltage bus tie breakers are switched off when the two routes are
normal. When one route has no mains supply, the mains input circuit breaker of
this route is turned off first, and then the bus tie switch is turned on. In this way,
one route bears all loads.
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High- or Low-Voltage DG Selection (1)

* DG are classified into low-voltage (0.4 kV) and high-voltage (10 kV) DG based on the output voltage.

Except the output voltage varied with the DG configuration, the two types of DG have basically the

same engine, control system, and technology.

Comparison between low- and high-voltage DGs

No. Comparison Low-Voltage DG (0.4 kV) High-Voltage DG (10 kV)

1 DG cost 1 10% to 15% higher

2 Installation cost Same Same

3 Cooling mode Same Same

4 Noise control Same Same

5 0&M Same Same

6 Footprint Basically the same Basically the same

7 Grounding system Not required A ground resistance cabinet is required.
8 Efficiency Same Same

9 Startup time Same Same
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Medium- or Low-Voltage DG Selection (2)

Comparison between low- and high-voltage DG

No. Comparison Low-Voltage DG (0.4 kV) High-Voltage DG (10 kV)
10 |Auxliaryswitch 1o )y 10 kv
cabinet
1 pr‘?r transmission Low-voltage power cable or bus High-voltage power cable
medium
12 Power transmission High Low
cost
13 Power transmission High Low
loss
14 Zic;‘é‘;e':c:ansm'ss'on Near (less than or equal to 150 m) Far (less than or equal to 2000 m)
] The DG s directly connected to a load In most cases, a transformer is used for
Non-linear load . . . connecting a load, and the transformer can
15 . L and is easily affected by a non-linear L ) .
bearing capability eliminate part of the impact of a non-linear
load.
load on the DG.
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Medium- or Low-Voltage DG Selection (3)

Comparison between low- and high-voltage DG

No. Comparison Low-Voltage DG (0.4 kV) High-Voltage DG (10 kV)
In most cases, a transformer is used for
16 Load power The DG is directly connected to a load and |connecting a load to avoid that the output
factor is easily affected by the load power factor. | power of the DG is affected by an excessively
low power factor.
The parallel capacity is small because the : .
17 za;?-gfiln DG is limited by the current of the low- g?nll-gcl);:ere_l)cg c:c?tbes c;::rr;ected I paraliel
P 9 voltage power distribution device. 9 pacity sy i
ATS with a bypass are used, and this . . ;
Switching to the |requires large current and multiple ATS, Acompeehersicantialswitch carl beirstalle
18 : R ; ; on the 10 kV bus to control the switchover, and
mains supply resulting in a large footprint and high . : :
costs this requires a small footprint and low costs.

20
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Medium- or Low-Voltage DG Selection (4)

* Due to the performance limitation of low-voltage electrical equipment, the capacity of a single or
parallel low-voltage DGs cannot exceed 2400 kW. If the total capacity of low-voltage DGs in a small-
and medium-sized data center is less than 2400 kW and less than 10 DGs are connected in parallel, the
0.4 kV DG is preferred. Otherwise, the 10 kV DG is preferred.

Recommended DG

Uptime Tier Remarks
Redundancy Mode

Tier | N A single DG is recommended and the capacity cannot exceed 2400 kW.
If the total capacity of DG does not exceed 2400 kW and less than 10 DG

Tier Il N+1 or 2N are connected in parallel, the low-voltage DG solution is recommended.
Otherwise, the high-voltage DG solution is recommended.

Tier 11l N+1 or 2N Same as above

Tier IV 2N Same as above
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Voltage Mode Selection

* The following table lists the voltage levels of the low- and high-voltage DG.

DG voltage level

Low Voltage (Three-Phase/Single-Phase) High Voltage (Three-Phase)
50 Hz 60 Hz 50 Hz 60 Hz
380/220 416/240 10500 12470
400/231 440/254 11000 13200
415/240 460/266 6300 13800
440/254 480/277 6600 3300
6900 4160
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DG should be selected based on the local power supply modes. In China, the
power supply mode is 220/380, 50 Hz.




DG Power Selection

* Determine the nominal power of the DG in a data center based on factors such as
the mains reliability and data center reliability requirements. If the requirements are
excessively high, for example, the consecutive power (COP) is used, the cost
increases. If the requirements are excessively low, for example, the emergency
standby power (ESP) is used, the reliability is decreased.

* Note:

@ For Uptime Tier IIl and Tier IV data centers, COP DG are required.
@ For Uptime Tier I and Tier II data centers, LTP- or PRP- DG can be used.
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« Output power ratings of DG:

= COP: Continuous power (COP)-rated DG supply the maximum power
continuously to constant loads for an unlimited number of hours annually.
COP-rated DG are suitable for power plants.

s PRP: Prime power (PRP)-rated DG supply the maximum power continuously
to variable loads for an unlimited period of time annually. The 24-hour
average load power is less than or equal to 70% of the PRP. PRP-rated DG
often reserve extra speed adjustment power and can run at 10% overload.
However, the average load rate, allowed full-load running time, and
overload running time for different power plants vary. PRP-rated DG are
applicable to industrial or civil engineering scenarios where the mains
supply is unavailable or poor.

o LTP: DG rated as limited-time running power (LTP) supply the maximum
power for 500 hours annually. LTP-rated DG have no requirements on the
load rate and are applicable to the areas with reliable mains supply.

= ESP: Emergency standby power (ESP)-rated DG supply the maximum power
to a variable load for 200 hours annually. The 24-hour average load power
is generally less than or equal to 70% of the ESP. ESP-rated DG are
applicable to common offices, real estate, and other places that do not
have high reliability requirements.

= When the preceding four types of power are calibrated for the same DG,
the ratio of the calibrated power is about ESP:LTP:PRP:COP =
1000:920:850:780.
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« The preceding definition is based on ISO 8528-1:2005. Generally, the nominal
output power on the nameplate of a DG consists of the standby power, primary
power, and continuous power. The standby power refers to the maximum power
with which a DG can run continuously for 300 hours within the specified
maintenance period and under the specified environment conditions. The DG
should be able to run at the maximum power for 500 hours per year. The
standby power is equivalent to the LTP in ISO standards. The prime power is the
maximum power of a variable power sequence with which a DG can run for an
unlimited number of hours each year in the specified maintenance period and
under the specified environment conditions. The prime power is equivalent to the
PRP in ISO standards. The consecutive power is the maximum power of a
constant power sequence with which a DG can run for an unlimited number of
hours each year in the specified maintenance period and under the specified
environment conditions. The consecutive power is equivalent to COP in ISO
standards. However, the definition and standards of power rating vary among
different vendors. Therefore, you need to consult the vendor to determine during
model selection.
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Generator power supply site:

In Uptime Tier Ill or IV data centers, the engine generator system, its power path,
and other auxiliary components shall meet the requirements for parallel
maintenance and/or fault-tolerance performance verification tests.

Runtime limit

Engine generators at Uptime Tier Ill and IV data centers shall not have a limit on
continuous operating time on the premise that the load meets the N requirement.
Engine generators with limits on continuous operating hours are suitable for Tier
| or Il data centers. Only continuous operating power or derated prime rate meets
the TIER Il and IV requirements.




DG Selection Summary

» After the DG model is determined, the following information should be provided:

o DG power: COP/LTP/PRP ~
o DG voltage level: high/low voltage
o DG power supply mode: 50/60 Hz, 400 V/480 V/11,000 V... é
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DG Capacity Configuration (1)

* Capacity of a DG:

P =((Per + Pyyc )K, + P,)/ K

8 Picris the total ICT load.
2 Pyvac is the total load of the heating, ventilating, and air conditioning (HAVC) system (air controlling devices).
o P, is the load of other systems, such as the lighting system and building management system (BMS).

e K; is the load coefficient. The value depends on many factors, such as the UPS battery charge power, startup
power for air controlling devices, and reliability factor. K; is normally 1.4.

e K is the environment coefficient, which is related to the temperature and altitude. K is 1 by default. It decreases
by 3% to 4% as the temperature increases by 5° C when the environment temperature exceeds 40° C, and
decreases by 4% to 5% as the altitude increases by 500 m when the altitude exceeds 1000 m.
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« The capacity is an estimation value.




DG Capacity Configuration (2)

* Determine the DG model, capacity, and quantity based on the list provided by the

manufacturer.

50Hz

Cummins
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Model

C650 D5A
C700 D5
C825 D5
C825 D5A
C900 D5
C1000 D5
C1100 D5
C1100 DSB
C1250 D5A
C1400 D5
C1675 D5
C1675 D5A
C1760 DSe
C2000 D5

Cummins DG capacity

Standby Standby
Load (kVA) Load (kVA)

650
706
825
825
900
1041
1110
1132
1250
1400
1675
1675
1760
2063

520
565
660
660
720
833
888
905
1000
1120
1340
1340
1408
1650

Constant
Load (kVA)

590
640
750
750
820
939
1000
1029
1125
1250
1400
1500
1600
1875

Constant
Load (kVA)

472
512
600
600
656
751
800
823
900
1000
1120
1200
1280
1500

Engine Model

KTA19G8
VTA28G5
QSK23G3
VTA28G6
QSK23G3
QST30G3
QST30G4
KTA38G5
KTA38G9
KTA50G3
KTA50G8
KTA50GS8
QSK60GS3
QSK60G3
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» Note: The preceding figure shows part of power segments.




Configuration Example

* According to the load statistics of an Uptime Tier Ill data center, the IT load is 700 kW, the power load
is 800 kW, and the lighting load is 60 kW.

* According to the formula: P=(Pi + Pypys )K; +P,) / K
* The total required power is calculated as follows: (700 + 800) x 1.4 + 60 = 2160 kW

* Because this is a Tier IIl data center. Therefore, COP-rated DG is required. The following uses C1675
D5A as an example:

= N solution: 2
Standby  Standby Constant Constant

@ N+1 solution: 2+1 load (kVA) load (kW) load (KVA)  load (kW)
= 2N solution: 2 x 2 Cummins C1400 LY 1400 1120 1250  1000|K1AS0G3
C1675 D5 1675 1340 1400 1 1 KIASOGS
C1675 D5A 1675 1340 1500( /~1200|KTA50GS8
C1760 D5e 1760 1408 1600| ~-1280|QSK60GS3
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The reason why the active power is used for calculation is that the reactive power
can be met in most cases.

Only one model is used as an example. In actual model selection, parameters
such as the cost and model size also need to be considered.
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Fuel Tank Capacity Configuration (1)

* DG fuel storage requirements of data centers at all levels

Level . . . .
e Tier IV Tier I Tier I Tier I
. No specific
Uptime 12 hours 12 hours 12 hours cequirements
TIA-942 96 hours 72 hours 24 hours /

* Notes:

o For a Tier Il or above data center, the fuel tank must be redundant. Except the fuel in the

redundant fuel tank, the remaining fuel must be able to support 12-hour operation of N DG.

o For a Tier Il or above data center, the fuel pipeline also needs to be designed in a similar way as
the chilled water pipeline. The 2N design, loop design, or dual-pipe design can be adopted.
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« For a Tier Ill or above data center, the fuel tank must be redundant. Except the
fuel in the redundant fuel tank, the remaining fuel must be able to support 12-
hour operation of N DGs.

= Assume that there are three DGs in a 2+1 system. The system stores fuel
for 12-hour operation. A total of 3000 liters fuel are required, and each DG
requires 1000 liters. Therefore, at least two 2000-liter fuel tanks are
required, and one of them is standby.




Fuel Tank Capacity Configuration (2)

* Fuel tank capacity calculation
@ V=gt/y/a=vPt/a
= V: volume of the daily fuel tank (m); g: fuel consumption (kg/h) of the DG, which can be obtained from the
product brochure.

= y: fuel density (kg/m3), 810-860 kgf'm3 for light diesel; a: fullness coefficient of the fuel tank. Generally, the
value is 0.90.

t: fuel supply time. Generally, the value is 3 to 8 hours. The value depends on the customer's requirements

and is restricted by the specifications.
* v: fuel consumption (L/kWh) of the DG, which can be obtained from the product brochure.
= P: power (kW) of the DG.

o |n addition to the preceding calculation result, calculate the capacity of the daily fuel tank based on

the diesel fuel consumption required for the trial operation in the normal refueling period.
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« The capacity of a fuel tank is designed based on the fuel consumption of the DG
at full load. Generally, a less than 500 kW DG is equipped with a daily fuel tank
that is installed at the bottom of the DG and it can provide fuel for the DG
running for 8 to 12 hours at full load. An additional daily fuel tank needs to be
installed for a big-power DG. When the customer requires an additional fuel
tank, note that the capacity of the daily fuel tank in the DG room cannot exceed
1000 liters according to the fire protection regulations. The daily fuel tank of the
standby DG is set to run at full load for 8 hours according to the communications
industry standards. Therefore, a separate fuel tank room is required if the
capacity exceeds 1000 liters, and fire extinguishing facilities are required
according to the related fire protection regulations.

« V: Generally, the fuel consumption of a DG ranges from 0.2 L/kWh to 0.35
L/kWh. In the initial planning, 0.3 L/kWh can be used for capacity estimation.




Fuel Tank Capacity Configuration (3)

* If the fuel reserve of the daily fuel tank cannot meet the requirement for power backup
time, a large fuel tank or underground fuel depot needs to be installed outdoors.
* Calculation of outdoor fuel tank capacity:
2 Viotal tank volume = V = Vdaily total volume
8 Viank = Viotal tank volume/ (N-a)
o where:
" Viotal tank volume: Calculated total capacity of outdoor fuel tanks (m?); V: calculated total capacity (m?).
* Vwnk calculated capacity of the outdoor fuel tanks (m?); N: number of fuel tanks.

= a: fullness coefficient of the fuel tank. The value is usually 0.9 for the diesel fuel used for the data center.
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Fuel Tank Pipeline Configuration (1)

* Uptime Tier Il application:
e Similar to the chilled water pipeline design, the 2N, loop, or dual-pipe design can be adopted.
o The fuel reserve must support 12-hour operation of N DG (daily fuel tank + reserve fuel tank).

e For a Tier Il or above data center, the fuel tank must be redundant. Except the fuel in the redundant fuel tank,

the remaining fuel must be able to support 12-hour operation of N DG.

In this solution, there

are two sets of fuel

pipes and fuel

pumps, but the pipes
oo 2 and routes are not

bl isolated.
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Fuel Tank Pipeline Configuration (2)

* Uptime Tier IV application: 2N pipeline design

15365

o Typically, Tier IV data centers adopt 2N DG f 1

solution. If a DG room is to be constructed,

two DG must be physically isolated and not
be placed in the same room.

o The 2N pipeline design is the simplest, and i = ) . mef =
the two pipelines are completely isolated. No \J —
pipes should be deployed between the two rk b
main fuel tanks. In addition, there must be 1 1 T2 i
some distance between the two pipeline U ‘
systems so that the fault of one pipeline does

not affect the other.

7N R
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« After the fuel tank is configured, the DG planning is complete, and the other
components are easy to configure.

= Controller selection

= If there is no specific requirement, select the controller provided by
the DG manufacturer or a third-party controller. The controller needs
to be compatible with the existing devices, and supports manual
control mode and multi-language operations.

= Parallel device selection

= If multiple DG are running in parallel, select the corresponding
parallel device.

» For example, the Cummins DG is equipped with a parallel device by
default. You only need to configure one parallel cabinet. A parallel
cabinet and parallel device need to be installed for the Caterpillar DG
to implement the parallel function.
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o Other components

= Select the soundproof canopy based on the customer's requirements.
If the customer does not have specific requirements, the soundproof
canopy is designed based on 85 dB per meter of the equipment room.

= Select a startup battery string and battery charger to ensure the
normal startup of the DG. The VLRA batteries are usually selected.
The voltage of the startup motor is 12 V or 24 V. Select a compatible
battery string. You can also configure batteries in 2N mode to meet
reliability requirements.

o Other precautions

= The DG must comply with local certification, such as the safety
regulation certification and environment protection certification.

= The following safety regulation and environment protection
certifications are usually needed: CE and RoHS certifications in the EU,
UL certification in the North America, and 3C certification in China.




Summary

» System Composition

* Planning Preparation

* Planning Method
o Planning Method Overview
o Networking Mode Selection
@ DG Selection
o DG Capacity Configuration
o Fuel tank configuration
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1. (T or F) The operation time of DG used in an Uptime Tier Il or above data
center should not be restricted.

2. (T or F) The redundancy mode of DG used in an Uptime Tier Il or above data
center should be N+1 or 2N and that the power supply paths of the DG support
online maintenance or fault tolerance.
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1. True

2. True
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Solution Analysis for the Data Center Power
Distribution System
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Foreword

* The slides describe the typical power distribution solutions for different
levels of data centers and their applications, including the working logic,
application scenarios, advantages and disadvantages of these solutions. The
slides also describe how to improve these solutions.
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Objectives

On completion of this course, you will be able to:

o Get familiar with the working logic of different power distribution solutions in a

data center.

o Analyze the advantages of different power distribution solutions in a data

center.

o |dentify the disadvantages of different power distribution solutions in a data

center.
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Contents

1. Typical Solutions
2. Solution Application Analysis
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Reference Solution for an Uptime Tier I Data Center

* Single power supply and distribution route, diesel o

generator (DG), non-redundant uninterruptible ocgousm -‘— é
power system (UPS) pony
* If any device on the power distribution route is e ST porer

faulty or overhauled, the service system may
break down.

* This architecture is applicable to data centers
used by small-sized enterprises that do not have

specific requirements on service continuity.

AC PDF
e

Power distribution topology of a Tier I data center
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« One mains input is used in all the solutions mentioned in the slides. The high-
voltage mains input is not displayed.




Reference Solution for an Uptime Tier II Data Center

* Single power supply and distribution route, N+1 DG (N+1) HV Panel

DG, UPS, and cooling devices. Q -_ > é
*+ Faults and maintenance of key components do C“Bushar = @

not affect the running of service devices. 4 &‘ R w
* Faults and maintenance of the power supply and [ Busbar-A ]

distribution route will affect the running of

UPS (N+1) [
service devices. .

* This architecture is applicable to data centers

v v v
used by small- and medium-sized enterprises
and aggregation sites of carriers that have no Il
specific requirements on service continuity. ACR+Y)
Power distribution topology of a Tier Il data center
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If the customer has high reliability requirements and IT loads use dual power
supplies, the power supply route from the UPS to the IT devices can adopt dual
power supplies to improve system reliability. However, the topology is still at the
Tier Il level.




Reference Solution for an Uptime Tier Ill Data Center (1)

* Active-active power supply HV Panel

S | DG2(N)
routes, 2N DG, and 2N UPS. @ =) ‘
* Dual power supplies for LV panel a
. . ATS ATS
cooling devices. ’& a
Route A Tﬂ"ﬁr I CTTUTTN  Route B
UPSA(N) ' A/C UPS . UPSB (N)
’
s 3 [1c o
A/C(N+1)
-3

Architecture with active-active routes and 2N DG
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The construction cost of Tier I/Il equipment rooms is low, and the facility
reliability is low. The facility of Tier IV equipment rooms is highly reliable, but the
construction cost is high.

Tier Il equipment rooms have a good balance between construction costs and
facility reliability and are widely deployed as important equipment rooms in
various industries. The power supply architecture of a Tier Ill equipment room is
also diversified.

The following analyzes typical power supply topologies for Tier Il data centers
that are commonly used in the industry.

Notes:

= The Uptime standard does not require continuous cooling for Tier IlI
equipment rooms. However, the construction certification has requirements
on the temperature rise (the temperature change is less than or equal to
5° C/15 minutes) of the equipment room when the mains supply is
disconnected and the DG is started. To ensure that the customer's service
equipment does not break down, continuous cooling must be configured in
the chilled water cooling scenario and direct expansion (DX) cooling
scenario with the power density of 5 kW or higher per cabinet.




Notes:

= |In the following recommended architectures, DX air conditioners are used in
the cooling system for illustration purpose. In the chilled water scenario,
continuous cooling is implemented by deploying a chilled water tank as
well as chilled water pump and air conditioner indoor unit powered by the
UPS.

= One mains input is used in the example.

This solution meets the Tier IV requirements in terms of the power supply
architecture. The only difference lies in whether physical route isolation is
required in the actual construction process.

This solution is costly but highly reliable.



Reference Solution for an Uptime Tier Ill Data Center (2)

* Active-active power supply
routes, N+1 DG, and 2N
UPS.

* Dual power supplies for
cooling devices.

* Active-active parallel DG
routes.
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N+1

DG1 DG2 DG3
HV Panel
e % : = 2
| =
1 j=-1
o l L_ -{ Eataas] -
ST % LV Panel
l ATS [ ATS
Route A ‘ ‘
.s4 Route B
= nr [“Busbar B |
l >
*
UPSA(N) ? A/C UPS . UPSB(N)
¥
A/C N+1
-

Type A architecture with active-active routes and N+1 DG
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» The difference between this solution and the previous solution is that the DG is in
N+1 mode, which can reduce the cost. However, the system still uses active-

active routes.




Reference Solution for an Uptime Tier Ill Data Center (3)

* Active-active power supply oot N os
routes, N+1 DG, and 2N UPS. Ny T Oy HV panel
(D¢ FPOF -. :-‘é
* Dual power supplies for S - T @ a
cooling devices. it $ ———=§ LV Panel
Route A &_ .&. Route B
* Backup DG shared by routes — e
A and B. I I Lol i
UPSA(N) A/C UPS Non- I AC POE . UPSB(N)
cnl')t?cal -
lzm [ [ ror
A/C N+1
Type B architecture with active-active routes and N+1 DG
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This solution is basically the same as the previous solution. However, the internal
architecture of the DG is optimized to meet the reliability requirements and
reduce the cost.

Working logic: DG 1 and DG 3 carry loads A and B respectively. DG 2 is a standby
DG and does not work. If DG 1 or DG 3 is faulty, DG 2 starts. During the standby
DG starts, the load is carried by the UPS.

Compared with type A architecture (based on the topology analysis), this solution
requires two fewer three-in-one DG parallel cabinets and two fewer output
power distribution cabinets for each DG. If the system scale is large, hundreds of
thousands of US dollars can be saved.




Reference Solution for an Uptime Tier Ill Data Center (4)

* Multiple active power HV Panel
. =
supply routes, DG and ol -\
Route A Route B Route C
UPS route redundancy.
DG A @ DG B @ DG C
The routes provide two 3 ey " gy
X « LV Panel = LV Panel = LV Panel
power  supplies for ATS m;ﬂs m ATS
terminal  devices in P e T
Rarid-iekand d l UPS A LUPSB | L UPSC,
and-in-hand mode. A/C UPSA @- QYRS c oo | B P s
" B S B -
management, AICA A/CB
applicable to low-cost - - - -
scenarios. - -
A/CC

DR architecture
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In this solution, loads are divided into N (3 in this example) parts. The loads
should be large enough to be divided into N parts. Therefore, this solution applies
to large-sized data centers.

Each part of loads adopts active-active routes, which ensures high load reliability.
When one power supply route is faulty, its loads are switched to the other two
routes, and the air conditioner on the faulty route uses single power supply.
However, the cost of this solution is lower than that of the solutions 1 and 2 for
Tier 11l data centers. According to preliminary calculation, the UPS redundancy is
lower than 2N. The 2N solution requires N redundancy. In this solution, the total
capacity of the UPS here is 1.5 N, and the redundancy is 0.5 N.

The disadvantage is that the maintenance is complex and there are many loops.
During maintenance, you need to determine which route (A, B, or C) the loads
are from. In addition, when adding new servers, you need to evenly distribute the
load to each route to avoid adding all loads to only one route.




Reference Solution for an Uptime Tier Ill Data Center (5)

* Active-active power supply ol

DG1 DG2 DG3
routes, N+1 DG, and N+1 Toregy Tazap T2y HV Panel
»
UPS; one HVDC and one o I @ o
mains supply for servers s e S -
- LV Panel
* This architecture applies Route A 3 ATS ATs
a .&. | Route B
only to cloud data center
usb [ Busbaz B ]
scenarios with high power l
supply quality. HVDC(N+1) A/C UPS
]
A/C (N+1)
Architecture with active-active routes, one HVDC, and one mains supply
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« In this solution, the server needs to be customized to support one HVDC input
and one mains input, and the mains quality must be good because the mains is
directly supplied to the power module of the loads. If the mains quality is poor,
the power module will be damaged. Mains in China, Japan, Europe, and the
United States can meet the requirements, but the mains quality in Southeast Asia
is poor.

» In addition, the data centers must be cloud data centers. In China, such data
centers are generally used by China Mobile, China Unicom, and China Telecom as
well as Baidu, Alibaba, and Tencent (BAT). The reliability of this power supply
solution is relatively low and needs to be supplemented by the IT side. If some
faults occur in the cloud data centers, processes and services are automatically
migrated and virtualization technologies are used; therefore only some services
will be affected by power failure.




Reference Solution for an Uptime Tier Ill Data Center (6)

* Active-standby power HV Panel

e A
. 2

Standby Standby

* route DG
DG N# @
'T : ey
2 ATS

= =

supply routes, N+R DG,
and N+R UPS.

* Single power supply for
loads.

* Applicable only to cloud

e —
/C UPSN# ' -
data centers. Standby UPS . < Standby A/C

IT LOAD 1# IT LOAD N#

A/C 1# A/C N#
N+R architecture with active-standby routes
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» The redundancy or backup mentioned in this solution is route-level backup. For
example, the loads shown in the figure are divided into two parts (can be three,
four, or N theoretically). Each part has an independent transformer, DG, UPS, and
PDF to meet the load requirements. The route on the right is standby. The R is
the standby route. You can determine the capacity of the standby route based on
the actual requirements. The cost depends on whether only one load or all loads
need to be backed up.

« This solution needs to be distinguished from the previous DR solution. Although
the loads of the two solutions are partitioned, the entire power supply
architecture is different. The power supply routes of the DR architecture are
multiple active power supply routes, and the downstream loads use two power
supplies, and the two power supply routes carry loads. However, in this solution,
only the active route carries loads, and the other route is used as a backup and
carries loads only during active route maintenance.

« This solution is also applicable to cloud data centers.




Reference Solution for an Uptime Tier Ill Data Center (7)

HV Panel
* The loads are categorized el

into N identical modules. @ DG1# Standby DG @ DG N#
T g T
L ATS
&3 T | =

I ATS
2N power distribution 1

ATS
routes. Route A s
- “—'1- Route B Route A ~—‘3-r Route B
* Each module shares the A/C UPS I AIC UP

P!
redundant DG. A = e UPSB{N’
ACPDF
* Applicable to 2 MW or A/C(N”) A,(N‘”
higher data centers.

Architecture with pseudo active-active routes sharmg the redundant DG

ine

Each module is configured
with independent 2N UPS,
a DG, a transformer, and
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In this solution, loads are evenly divided into N parts. Therefore, this solution is
applicable to large-sized data centers. In 2 MW or higher data centers, loads
need to be partitioned.

Every N loads are configured with an independent DG, transformer, 2N UPS, and
2N power supply routes. For a Tier lll data center, the DG must be redundant.
Therefore, the DG in the middle is a backup DG shared by the entire data center.
The DG is connected to route A of each load module, and route B is connected
through the ATS.

All the preceding topologies comply with the Uptime Tier Il requirements.
However, in actual application, there may be a slight change. For example, if the
low-voltage power distribution bus has dual inputs, a bus tie switch needs to be
added. However, the main architecture remains unchanged.




Comparison of Tier Il Power Supply Topologies

* Now we use an actual project model (300 cabinets, 1.7 MW) to compare the costs,
reliability, and maintainability of different power distribution architectures.

Architecture Reliability | Cost Maintainability Scenarios
Architecture with active-active routes and 2N DG | Highest A Easy maintenance Recomme:nded if oply two DG
are used in the project
Type A architecture with active-active routes and 5-Star 0.958A | Easy maintenance /
N+1 DG
Type B architecture with active-active routes and 5.Star 0.884A | Easy maintenance Preferred for 2 MW or lower
N+1 DG data centers
. . Preferred in scenarios with
DR architecture 5-Star 0.790A | Complex maintenance

tight budgets

Cloud data centers with good

Architecture with active-active routes, one HVDC,

. 4-Star 0.856A | Easy maintenance . -
and one mains supply power grid quality
N+R architecture with active-standby routes 3-Star 0.754A | Complex maintenance | Cloud data centers
Architecture with pseudo active-active routes ) . Scenarios with power greater
sharing the redundant DG 45-star 0.951A | Easy maintenance than 2 MW
14 Huswe Confidentil 2 HUAWEI

* Notes:

= Assume that the high-voltage power distribution of each architecture, load
power distribution, and the backup time of the project system are the same.
The architecture cost comparison involves only the transformer,
transformer output cabinet, DG, DG output cabinet and parallel cabinet,
low-voltage switching cabinet, UPS, UPS input cabinet, UPS output cabinet,
and mains PDF.

= |f the customer requires the single-side backup time be the same, the costs
of the architecture with active-standby routes, architecture with active-
active routes, architecture with one HVDC and one mains, and N+R
architecture with active-standby routes can be further reduced because half
of backup batteries are saved.

= The pseudo active-active routes share the redundant DG, which is not
applicable to scenarios with less than 2 MW power. Therefore, the cost is
high for this project.

« Type A architecture with active-active routes and N+1 DGs requires fewer DG
output cabinets and parallel cabinets. Therefore, the cost is further reduced, but
the reliability remains unchanged. Only three DGs are required in this project. If
the power is greater than 1.8 MW, there will be a DG price surge. Therefore, this
architecture is preferred for 2 MW or lower data centers.




» DR architecture: The cost will be further reduced because the redundancy lowers,
but the maintenance becomes complex. Therefore, the DR architecture is
recommended only when the budget is tight.

» Active-active routes architecture with one HVDC and one mains routes: The cost
is basically the same as that of the architecture of active-standby routes. The
main difference is the contact switch.

« N+R architecture with active-standby routes: This architecture is least reliable
because the redundancy of the backup is low. If the redundancy is high, the cost
is high. In addition, the maintenance is complex, but it is simpler than the DR
architecture. This architecture is recommended in cloud data centers.



Reference Solution for an Uptime Tier IV Data Center

Active-active  routes, 2N

DG/UPS/cooling devices

All  devices and power
distribution routes in the
active-active  routes are

physically isolated (excluding
service devices).

A fault of any component on
one route does not affect
the normal running of the
service

other route or

devices.
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The power supply architecture for a Tier IV data center uses active-active power
supply routes, 2N redundancy of DG, UPS, and cooling devices, as well as

continuous cooling of the cooling system (DX scenario: The air conditioners are
configured with the UPS; water-cooled scenario: The chilled water tanks, chilled

water pumps, and air conditioner indoor units are configured with the UPS). All
devices and power distribution routes in the active-active routes are physically
isolated (excluding service devices). A fault of any component on one route does
not affect the normal running of the other route or service devices. This

architecture is applicable to scenarios that have high requirements on service
continuity, such as central data centers of banks and core equipment rooms of
carriers.
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Case 1 (1)

Power Two (1+1) 800 kVA DGs
distribution Transfer from 110 kV G D é AAAAAAAAA
solution for PL to one 10 kV input cable i

Standby | DS
400 V DG power
distribution panel

Active

Automatic DG startup and switching

1000 kVA x 1

120 kVAx 2

Note: 200 kW is the
cooling capacity of
the air conditioners.

P T 4KkW x 50
[ PDU |

lf"IOOkVAXZ .

P

|

r

/100 kVA x 2

18 Huawei Confidential

2 HUAWEI




Case 1 (2)

* Discussion:
@ Which tier of requirements does the power supply solution meet?
= Consider the following aspects: '1’
> B ?
- DG configuration { )
- Transformer configuration . »
- UPS configuration -
- Power supply route for loads

@ How to improve the reliability of the power distribution solution by one tier?

= No new main devices such as the UPS, transformer, and DG should be added, but the ATS and
low-voltage power distribution frame (PDF) can be added.

19 Huawei Confidential @’é HUAWEI




Case 1 (3)

* Which tier of requirements does the power supply solution meet: Tier II
o DG configuration: 1+1
@ Transformer configuration: N
o UPS configuration: 2N
o Power supply route for loads: pseudo dual power supplies

@ |n conclusion, core components, such as the DG and UPS, meet the N+1 or higher
requirements. The power supply route is pseudo dual power supplies. Although the
transformer is configured in N mode, the Uptime standard does not have requirements on

the mains.

20 Huawei Confidential @'4 HUAWEI




Case 1 (4)

¢ Solution 1 example: Add the
following configuration:
o An ATS
o A low-voltage PDF
o A DG parallel cabinet

o A transformer one-to-two PDF

21 Huawei Confidential
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Case 2 (1)

Power Six (5+1) 2250 kVA DG
distribution _ DG D‘G DG
solution for 10 kV DG parallel system <—P
LZ data
center 10.5 MVA " 10.5 MVA
10 kV power «———==———> 10 kV power
distribution device | distribution device | Circuit breaker status:
. Il On W oOff
{Traﬁsformer]
— | .
UPsS !
ATS
l ) . = lv - l R
$... ‘ Other | Chiller | ATS ATS Chiller Other |
Y | power Coolngly Eooling power
PDU : : PDU | loads |~ Water  (Chilled water ' 'Precision air | Water pump % o
| Cabinet |_ 1 * | pump pump _ conditioner ng |
 Load | ~ Cooling tower towerd
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+ High-voltage side:

= The two 10 kV mains inputs use different physical routes, and the high-
voltage power supplies are connected through bus tie switches, which
further improves system reliability. The 10 kV high-voltage DG system is
used. Note that the high-voltage DG is connected to the mains bus through
a circuit breaker, and the low-voltage DG is connected to the mains bus
through an ATS. The DG is configured in N+1 mode, but there is only one
route. This is a risk point.

» Low-voltage side:

= Power loads and IT loads are configured with independent transformers.
Low-voltage bus tie switches are configured between routes A and B to
improve system reliability.

= IT loads are powered by UPS in dual-loop mode.

= In terms of cooling, continuous cooling is also considered. The chilled water
pump and air conditioners are configured with UPS. For the devices that use
single power supply, the ATS is used to switch the route. The chiller, cooling
water pump, and cooling tower use dual power supplies controlled by a
terminal ATS.

= Other power loads are powered by a single mains supply.




Case 2 (2)

* Discussion:

@ Which tier of requirements does the power supply solution meet?

= Consider the following aspects:

- DG configuration y 6 .’i”
[ —_— )

- Transformer configuration
- UPS configuration

- Power supply route for loads
@ What are the advantages and disadvantages of this solution?

@ How to add configurations to improve system reliability?
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Case 2 (3)

* The power supply solution complies with the requirements for Uptime Tier II data
centers.
o DG configuration: N+1 (5+1), there is only one DG route.
@ Transformer configuration: 2N
o UPS configuration: 2N

o Power supply route for loads: dual power supplies

= |n conclusion, except for the DG route, other routes meet online maintenance requirements.
However, the data center tier is determined by the weakest route.

2 Huawei Confidentio 2 HUAWEI

« After a parallel cabinet is added to the DG system, the architecture is similar to
the Type A architecture with active-active routes and N+1 DG. This architecture is
widely used in large-sized data centers.




Case 2 (4)

* Advantages:

= Dual mains supplies in active-active mode are used. Bus tie switches are configured on the high- and low-
voltage sides to improve the reliability of the mains.

8 The DG is configured in N+1 mode. When both mains inputs are faulty, the DG start, improving system
reliability.

@ On the load side, the IT devices are powered by two routes, and the UPS is configured in 2N mode. The loads
such as chillers and cooling towers are powered by two routes, which are controlled by a terminal ATS. IT loads
and power loads are isolated to avoid mutual impact.

o Chilled water pumps and air conditioners are also powered by two routes controlled by a terminal ATS. But one
route is from an independent UPS to achieve continuous cooling.

* Disadvantage:

a There is only one route on the DG side.
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Case 2 (5)

* Add a DG parallel cabinet to form a dual-route system, improving the system reliability.

* Common DG configurations for Tier Il data centers

DG A  Transformer A Transformer B

2N DG, two
mains supplies

r
[

|
Low-voltage Low-voltage
PDF A PDF B

2N DGs, one mains supply
DG A Transformer

T
L[ il
Low-voltage Low-voltage
PDF A PDF B
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DG B

@
|

DG B

N+1 DG, two mains supplies

Transformer A Transformer B
® ). &
I I T
%
Low-voltage Low-voltage
PDF A PDF B
N+1 DG, one mains supply
Transformer 3 § D
=S
‘ |
Low-voltage Low-voltage
PDF A PDF B

Note: Low-
voltage DG are
used here. The
architectures are
the same for
high-voltage DG.
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Case 3 (1)

Power distribution solution

for WH data center Three (3+0) 2000 kW DGs
0.4 kV DG parallel system
1 Mains 1 Mains 2 l [ l 1'|
Y 1

10 kV power 10 kV power |
distribution device \+—— = "idistribution device | | ‘

Test load
Y
|
N
ATS
I
f |
ups | . [ups
|
chiller |
o | Other
PDU - Footing ‘ powerloads‘
i (conditioner Cooling tower
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« Dual mains inputs. The low-voltage DG and mains are switched over by the ATS
on the low-voltage side.

* Terminal load:

= |T loads are powered by two power routes. Cooling loads are powered by
two routes controlled by a terminal ATS. Continuous cooling is configured.
Chilled water pumps and precision air conditioners are powered by two
routes controlled by a terminal ATS. One route is from an independent UPS.




Case 3 (2)

* Discussion:
@ Which tier of requirements does the power supply solution meet?

= Consider the following aspects: “,
7
- DG configuration o , )

- Transformer configuration »

- UPS configuration

- Power supply route for loads
@ What are the advantages and disadvantages of this power supply solution?

o How to improve the system reliability?
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Case 3 (3)

* The power supply solution complies with the requirements for Uptime Tier I data

centers.

o DG configuration: N (3+0)

o Transformer configuration: 2N

o UPS configuration: 2N

o Power supply route for loads: dual power supplies

o The configuration of the DG system is N. The tier of the power distribution system is
determined by the weakest route.

2 Huawei Confidential 2 HUAWEI

« Although this solution complies with the requirements for Uptime Tier | data
centers, it complies with class B requirements according to the Chinese GB
standard. Because the mains quality in China is good, so the importance of DGs is
weakened. Uptime is a global standard. The mains supply is poor in Southeast
Asia, Africa, and Middle East. Therefore, the importance of DGs is highlighted.




Case 3 (4)

* Advantages:

= Dual mains supplies in active-active mode are used. Bus tie switches are configured on the high- and low-
voltage sides to improve the reliability of the mains.

o The DG is configured in N mode. When both mains inputs are faulty, the DG start, improving system reliability.

@ On the load side, the IT devices are powered by two routes, and the UPS is configured in 2N mode. The loads
such as chillers and cooling towers are powered by two routes, which are controlled by a terminal ATS. IT loads
and power loads are isolated to avoid mutual impact.

e Chilled water pumps and air conditioners are also powered by two routes controlled by a terminal ATS. But one
route is from an independent UPS to achieve continuous cooling.

* Disadvantages:
= N configuration on the DG side severely reduces system reliability.

o Using a low-voltage DG causes complex power supply routes, excessive ATS applications, and complex control.
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Case 3 (5)

* How to improve the system reliability?

@ Use high-voltage DG. In this way, the number of ATS is greatly reduced, and the control

logic is simplified.

@ Change the configuration on the DG side to N+1 and add DG routes if necessary to

improve system reliability.

32 Hoawe Confidential &2 HUAWEI

« Pay attention to the differences between the high-voltage DG and low-voltage
DG in actual applications.




Case 4 (1)

Power

distribution
solution for BF [ DG parallel roo |__DG parallel room B
data center

Five (4+1) 2200 kVA DGs

[ poU
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Case 4 (2)

* Discussion:

@ Which tier of requirements does the power supply solution meet?

= Consider the following aspects:
- DG configuration ¥ J ’

- Transformer configuration

— ‘
- UPS configuration

- Power supply route for loads

@ What are the advantages of this power supply solution?
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Case 4 (3)

* The power supply solution complies with the requirements for Uptime Tier Il data
centers.

o DG configuration: N+1 (4+1)

)
@ Transformer configuration: 2N
o UPS configuration: 2N é
o Power supply route for loads: dual power supplies
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Case 4 (4)

¢ Advantages:

o Dual mains supplies in active-active mode are used. Bus tie switches are configured on the high-
and low-voltage sides to improve the reliability of the mains.

o The DG is configured in N+1 mode. When both mains inputs are faulty, the DG start, improving
system reliability.

o On the load side, the IT devices are powered by two routes, and the UPS is configured in 2N mode.
The loads such as chillers and cooling towers are powered by two routes, which are controlled by a
terminal ATS. IT loads and power loads are isolated to avoid mutual impact.

o Chilled water pumps and air conditioners are also powered by two routes controlled by a terminal
ATS. But one route is from an independent UPS to achieve continuous cooling.
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Case 5 (1)

power ...............
distribution

| 10 kV power dnstnbuhnn device | -

Tra rmer Tra rmer
4 routes in total

5+1 medium-voltage |

DG system
solution for LX S
wo
data center ............. routes

| 10 KV power distribution device

m 3 routes in total

Low-voltage puwer dlstnbutlon

Low -voltage powerdlsr.nbutlon

Output power distribution | I Output power distribution |
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« The system works in N+R route-level backup mode. A1 to A6 are active routes,

and B is a standby route.

« The capacity of Route B can be 1 to N according to the budget or requirement.




Case 5 (2)

* Discussion:

@ Which tier of requirements does the power supply solution meet?

= Consider the following aspects: "
- DG configuration ¥y $
- |\

- Transformer configuration
- UPS configuration

- Power supply route for loads -

@ What are the advantages of this power supply solution?
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Case 5 (3)

* The power supply solution complies with the requirements for Uptime Tier Il data centers.
o DG configuration: N+1
o Transformer configuration: N+R
o UPS configuration: N+R

o Power supply route for loads: active-standby routes

¢ Advantages:

o |T loads are powered by two routes (one active and one standby) and can be maintained online as

planned.

o Compared with the traditional UPS 2N configuration, this configuration reduces costs.

3 Huawe Confidentil 2 HUAWEI

Disadvantages: Although IT loads use dual power supplies, the power supplies are
not active-active. The reliability is lower than that of the traditional UPS 2N
configuration. The cost is reduced, but the reliability is also reduced.
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Summary

* Typical Solutions

* Solution Application Analysis
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1k

(T or F) The power supply architecture of a data center is as follows: dual
mains supplies, 2N transformers, 2N UPS, and N+1 diesel generators. The diesel
generators share one combiner cabinet, and the loads are cofigured with dual-
paths power supply. The power supply solution of the data center meets the
requirements of an Uptime Tier IIl data center.
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Foreword

* The slides describe how to optimize a data center power distribution
solution. We have learned that a data center power distribution solution
should be reliable and simple. In this training, we will optimize the data
center power distribution solution from these two perspectives.
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Objectives

On completion of this course, you will be able to:

o Get familiar with the operation modes of different power distribution solutions

for data centers.

o Analyze the advantages and disadvantages of different power distribution
solutions for data centers.

o |dentify and optimize the weaknesses of different power distribution solutions
for data centers.
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Trainee Grouping

* Steps for trainee grouping

o Before the training, the trainer prepares the same number of poker cards as the number

of trainees. Every three cards have the same number.

o Trainees draw lots before the training and those who draw the cards with the same

number form a group.

o |f the number of trainees is excessive, the trainer specifies the group to which the

excessive trainees belong.

@ Each group assigns its group name.
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Import

* Task description:
o What are the basic requirements for the power distribution system of an Uptime Tier I
data center?
* Task execution rules:
@ Each group discusses the question for 5 minutes.
@ Write the discussion result on the electronic whiteboard.
@ Each group displays and explains the results in sequence.

@ The trainer makes a summary.

4 Huawei Confidential s’% HUAWEI

« The UPS system in the figure is not redundant.




Answer

* Data centers that can be concurrently maintained have redundant capacity
components and multiple independent power distribution routes to serve critical
systems. At any time, only one distribution route is required to serve the critical

environment.

* All IT devices use dual power supplies and are properly installed to be compatible
with the data center architecture topology. If the critical environment does not meet
this specification, a transmission device such as a switch must be used.

* Onsite fuel reserve should support 12-hour operation of N diesel generators (DGs).
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Case 1

* Carrier XX needs to reconstruct its data center to meet
the Uptime Tier III requirements.

* Engineer Cis the power distribution solution designer
of the general contractor. The figure on the right
shows the original power distribution solution.

* In the solution:

@ There is one mains input and N DGs.

= UPS 1is configured in N mode, and IT load 1 uses single
power supply.

= UPS 2 is configured in N+1 mode, and IT load 2 uses dual
power supplies.

@ UPS 3 and UPS 4 have the same capacity and each can
support IT load 3. IT load 3 uses dual power supplies.

@ The air conditioners in all rooms are direct expansion air-

cooled air conditioners with dual power inputs. The
configuration is N+1.

6 Huawei Confidential

Power distribution solution

[ poF ] [POF]

[1Tload 2 |

Equipment room 1

Equipment room 2

AC3

Equipment room 3
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Task 1

* Task description Power distribution solution

o The original power distribution solution
can meet the requirements of Uptime Tier ATS
___data centers. Specify reasons.

* Task execution rules

o Each group discusses the question for 10 PDB
minutes.
; : ; UPS1
o Write the discussion result on the
electronic whiteboard.
. . PDF
e Each group displays and explains the
results in sequence.
9 [Moad 1] [Toad2] =
@ The trainer makes a summary. ACt A/C3
Equipment room 1 Equipment room 2 Equipment room 3
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Answer to Task 1

* The original power distribution solution meets the requirements of Uptime Tier
I data centers.

* Reason:
@ The DG is configured in N mode.

@ UPS 1 is configured in N mode, and IT load 1 is powered by a single route, which may
cause a single point of failure.

@ The data center tier is determined by the weakest route. Therefore, this solution can only
meet the requirements of Uptime Tier I.

8 Huawei Confidential

2 HUAWEI




Task 2

* Task description

o After discussing with the customer, engineer C determines a new solution.
* Considering the increase of services, one DG is reused and two new DGs are added to form 2+1 configuration. The mains supply is still one route.

* The UPS system is configured in 2N mode. UPS 3 and UPS 4 are reused to supply power to loads in equipment room 3. UPS 1 and UPS 2 are
replaced with new ones.

* All air conditioners are reused, but continuous cooling is required. Add a set of UPS 5 to supply power to the air conditioners.

o Based on the preceding information, change the original power distribution solution to a solution that meets the requirements
of Uptime Tier II.

* Task execution rules
o Each group discusses the question for 15 minutes.
o Write the discussion result on the electronic whiteboard.
o Each group displays and explains the results in sequence.

o The trainer makes a summary.
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Answer to Task 2

New power distribution solution

Mains

Parallel
4 [Lcabinet 1

Parallel
cabinet 2

Main PDF

Main PDF

IT load 2
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Background of Case 2

* The XX data center needs to be reconstructed so that it can pass the Uptime Tier I certification.

* Engineer Z from the general contractor is responsible for designing the power distribution system
solution. Engineer Z provides the power supply topology as shown in the following figures.

o Note: IT load 1 has a single power supply, and IT loads 2 and 3 have dual power supplies.
Power supply topology

_I Chiller

High- T l:)ad |
voltage
PDF
IT load 2 |
IT load 3
DG: 1 x 1500 kVA
The DG system is configured in N+1 mode. The UPS system is configured in N mode.
1 Huawel Confidentil 2 HUAWEI
* Note:

+ This solution does not cover the mains input. The scope is from the transformer
to the load. The upstream of the transformer is not displayed here.




Task 1

* Task description

o Does the original solution meet the Uptime m

Tier I requirements? Specify the reasons. Tigh-
voltage
PDF

* Task execution rules

o Each group discusses the question for 15

minutes. |

. - . . il
o Write the discussion result on the electronic @ ATS :’m'"e'
whiteboard.

o Each group displays and explains the results

in sequence. The UPS system is configured in N mode.

a The trainer makes a summary. M
PDF4
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Answer to Task 1

* The original solution does not meet the Uptime Tier Il requirements.
* Reason

o The power supply route does not meet concurrent maintenance requirements.
= |T load 1 has a single power supply, and a single point of failure exists.

= Although IT load 2 and IT load 3 have two power supplies, there is only one route from the UPS
to the low-voltage PDF, and a single point of failure also exists.

o Key capacity devices do not meet redundancy requirements.

= The DG system is configured in N+1 mode, and the UPS does not have sufficient redundancy.

13 Huawei Confidential s’% HUAWEI

« The original power distribution solution can only meet the Uptime Tier |
requirements.




Task 2

* Task description
o Reconstruct the power distribution solution and make it meet the Uptime Tier IIl requirements.

= Step 1: Determine the power distribution reconstruction solution from the UPS to IT loads. The UPS system should be a

dual-bus system. The PDFs are reused, and the number of circuit breakers is sufficient.

= Step 2: Determine the power distribution reconstruction solution from the mains to the UPS. The DG system is reused and

configured in 2+1 mode, the one mains input remains unchanged, and the transformer is reused.

* Task execution rules
e Each group discusses the question for 20 minutes.
o Write the discussion result on the electronic whiteboard.
o Each group displays and explains the results in sequence.

e The trainer makes a summary.

14 Huawei Confidential @'4 HUAWEI

» Note: There is no standard answer for this solution. The answer is right as long as
the configuration is reasonable and meets the Tier Il requirements. The cost is
not considered.




Answer to Task 2 (1)
* Power distribution solution from the UPS to IT loads: 2N UPS configuration

o s s ; After the reconstruction
Original power distribution solution
_UPSB

UPSA

PDF1 IT load 1 |
PDF2 IT load 2 |

[upsz | _["E TTioad 3 | ‘: ,, [ PoF3 ] | PDF1 | [por2 | [Tpora |
PDF4

STS
The UPS system is configured in N mode. IT load 1
IT load 2

( IT load 3

The UPS system is configured in 2N mode.

2 HUAWEI
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Answer to Task 2 (2)

Power
distribution
solution from
the upstream
mains to the
UPS

High-
voltage
PDF

[— ATS

—

o Chiller |

‘ fl_ams

—

[ DG: 2 x 1500 kVA

'—D
[ ats

High-
voltage
PDF
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DG: 1 x 1500 kVA ‘

Parallel
cabinet

DG: 1 x 1500 kVA
DG: 1 x 1500 kVA

Parallel
cabinet DG: 1 x 1500 kVA

ATS 52

After the reconstruction
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Task 3

* Task description
o Determine an appropriate UPS and battery configuration solution based on the power distribution solution and load capacity in
the previous task.
* Note:
- The capacity of IT loads 1, 2, and 3 is 250 kW, 500 kW, and 450 kW.

- The capacity of a single UPS can be 100 kVA, 200 kVA, 300 kVA, 400 kVA, 500 kVA, or 600 kVA. The output power factor is 1, the IT load
ower factor is 0.9, and the battery backup time is 15 minutes.
P i ry up ti i inu UPSB

- The battery capacity does not need to be calculated. UPSA

* Task execution rules
o Each group discusses the question for 15 minutes. PDF3 ] | PDF1 | | PDF2 I PDF4

L]

IT load 2

o Write the discussion result on the electronic whiteboard.

o Each group displays the results and

o explains the calculation process in sequence. —
o The trainer makes a summary. IT load 3 }
S MU il
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Note: There is no standard answer for this task. The answer is right as long as the
configuration is reasonable and meets the Tier lll requirements. The cost is not
considered.




Answer to Task 3

* UPS configuration
@ UPS capacity = (250 + 500 + 450)/0.9 x 1.2 = 1600 kVA.
o Two sets of 3 x 600 kVA or two sets of 4 x 500 kVA UPSs can be selected.

o Two sets of 3 x 600 kVA UPSs can be selected to reduce costs.

* Battery configuration

@ Each UPS is connected to separate batteries. The backup power of each UPS is calculated
as follows: (250 + 500 + 450)/3 = 400 kW. The backup time is 15 minutes with constant

power.

@ |f either route A or route B is faulty, the backup time can still meet the requirements.

18 Huawe Confidential &2 HUAWEI

It is recommended that a maximum of four UPSs be connected in parallel.




Background of Case 3

* Company XX needs to build a new data center. Engineer L is the data center architect of the general contractor and
is studying the power distribution solution provided by the customer.

* The customer requires that the data center must pass the Uptime Tier III certification.
Mains 1 Original power supply topology Mains 2

The DG system is
configured in 2+1

Parallel mode.
cabinet r
ATS4

— - The UPS system
1 Precision a
UPS3 onal L is configured in
The UPS system N+1 mode.
is configured in ‘
N+1 mode. K| ATS T
= ]
‘ Chiller
| 1
ul Load
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« This solution does not cover the mains input. The scope is from the transformer
to the load. The upstream of the transformer is not displayed here.

* Mains 1 and 2 come from different transformer stations.




Task 1

* Task description

o Discuss whether the power supply topology meets the Uptime Tier Il requirements and

describe the basis.
* Task execution rules
o Each group discusses the question for 15 minutes.
@ Write the discussion result on the electronic whiteboard.
@ Each group displays and explains the results in sequence.

o The trainer makes a summary.
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Answer to Task 1

* The power supply topology complies with the Uptime Tier Il requirements.
* Reason:
o The DG is configured in N+1 mode, and N is 2.
o Power load: The precision air conditioner supports continuous cooling. One route is from the UPS,

and the other route is from the mains. Chillers use dual power supplies controlled by an ATS at the
end.

o |T load: Two power supplies are provided. The UPS is configured in N+1 mode. The two inputs of
the IT loads are from two STSs respectively. One of the two STS inputs is from the UPS, and the
other is from the mains. The mains are from different transformers, improving reliability.

o |n conclusion, the key capacity facilities are configured in N+1 mode. In addition, the dual power
supply routes are used, which supports concurrent maintenance and meets the requirements of
Uptime Tier III data centers.
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Task 2

* Task description

@ Discuss whether the solution can be optimized without affecting the data center tier
(Uptime Tier II). If yes, draw the optimized power distribution diagram and explain the

reasons.
@ Requirements: The DG system is still configured in 2+1 mode, and the UPS is in 2N mode.
* Task execution rules
@ Each group discusses the question for 30 minutes.
@ Write the discussion result on the electronic whiteboard.
@ Each group displays and explains the results in sequence.
@ The trainer makes a summary.
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Answer to Task 2

* This solution can be optimized.
Mains 1 Mains 2

Mains 1 Mains 2

Parallel
cabinet

PDFC# PDFD#

UPS3 Precision
air

conditioner

d je— —
Power supply topology after optimization Chiller

1
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Note:
There is no standard answer. The answer is right as long as it is reasonable.

There are two mains inputs. The transformers and UPSs are configured in 2N
mode. A bus tie switch is added between transformers to improve reliability.

IT loads and power loads are configured separately to minimize mutual impact.




Answer to Task 2

* Disadvantages of the original solution:

o Excessive redundancy and use of the ATS and STS greatly increase the cost and

complicate the operation and maintenance.

@ There are multiple mains and transformers, but the IT loads and power loads are not

separated.
* Optimization

@ Separate IT loads and power loads, and ATS1 and ATS2 at the downstream of the
transformers do not need to be configured.

@ All loads use dual power inputs. All STSs can be omitted by optimizing the UPS solution.
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Summary of Task 2

Although this architecture fully meets the requirements of Uptime Tier II, it is too
complex and difficult to maintain. In addition, too much redundancy is used,

resulting in high costs.
* Uptime Tier Il requirements are not rigid, but flexible.
* The core requirement of Uptime Tier Il is as follows:

o "All power distribution devices are concurrently maintainable without affecting the
normal running of the data center." This requirement is result-oriented and does not
require a specific power distribution architecture. The core requirement can be met as
long as concurrent maintenance is realized.
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Summary

* In this chapter, we have learned how to analyze the power distribution
solution of data centers on the live network, including new data centers
and reconstructed data centers, from two aspects: reliability and simplicity.

* First, ensure that the solution is reliable. On the premise that the reliability
requirements are met, make the solution as simple as possible. If the
solution is too complex, the O&M work will be complex, and the system
reliability will be affected in another way.
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Data Center Cooling System Planning
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Foreword

* A data center construction project can be large or small, new or refurbished, and complete
or partial.

* The project may involve changes in the physical area of the equipment room, equipment
layout, or electrical capacity, power density increase, and redesign of the power or cooling
architecture. Regardless of the scale or nature of the project, the success of a project
depends not only on the procurement and installation of physical system equipment, but
also on the entire planning and design process from project concept to commissioning.

e This course describes the process and implementation of the cooling system project
planning, including the planning process, precautions, and requirements.
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Objectives

On completion of this course, you will be able to:
o Master the cooling system planning process of a data center.
o Master the requirement planning of a data center cooling system.

o Master the cooling system planning of a data center.
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Data Center Planning Process

2. Implementation of the Data Center Cooling System Planning Process
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Planning and Design of a Data Center Cooling System

When do | need to start the planning and design of a data center cooling system?

]
i
i
|
]
|
|
|
i
|
i
]
i
|
|
i
i
]
|
]
|
|
\

A new data center is built.

. The cooling architecture is changed.

\\hmmu'm.: zed cool boling

In addition, when a data center is upgraded or needs to be re-planned or coordinated, some
devices need to be shut down or isolated. In this case, the adaptation of the cooling system needs
to be considered.

4 Huawei Confidential sg HUAWEI

« Many scenarios are involved. Main scenarios include construction and
reconstruction. Other cases are special and need to be analyzed based on actual
conditions.




Phases in the Life Cycle of a Data Center Cooling System

O&M and evaluation

Planning and design

{ Planning lays a key
i

i foundation for future Construction and commissioning
i
1
\

work of the project.
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Planning is the most likely to cause confusion, misunderstanding, and
communication errors. The mistakes made in the planning phase will be further
amplified and spread in the subsequent construction phase. Typical consequences
are delay, restart, cost overruns, time waste, and frustration, which will ultimately
affect system performance.
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Input for Requirement Planning

Requirement planning
« Determine the reliability level of a data center cooling

\
i
i
i
5 system based on the importance of services.
- i » Estimate the IT device power, space, power, and coolin Standards
': requirements when thepgata ce‘r)\ter isp fully loaded to : _and
i ! determine the total cooling capacity. SPeciicarons
i * Analyze the space planning requirements of the data
m ! center to be constructed, and preliminarily discuss and Prolect
H determine the spatial layout. ,equirémems
E Predict the requirement change and growth of cooling
m | throughout the entire life cycle of a data center in the
i : o i future based on the scalability requirements.
i
i
\ requirements ,/ determination
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« The final requirement consists of the following elements:

= Standard requirements usually appear in the form of standards and
specifications (main components of data center specifications). Examples of
standard requirements include special regulatory compliance standards,
subsystem compatibility, safety, or best practices that need to be publicly
explained to engineers or installers.

= Project requirements define the details of project execution for users.




Cooling System Requirement Planning Process

Determine project specifications

Key specifications » Tier requirement: Refer to data center specifications, such as Uptime, GB 50174, and TIA-942,
- Pay special attention to service types on the customer side.
= » Capacity requirement: The maximum IT load supported by the data center physical

infrastructure (DCPI) is determined by the IT side.
j|. »  Power density: Whether cabinets with high, medium, or low power density are considered
» Energy efficiency requirements: Currently, the PUE recommended by the Chinese GB standard is
lower than 1.4.
»  Future plan: The future development plan of a data center is divided into several phases.
» Budget: from the budget plan of the overall project

Initial solution Analyze and refer to existing documents to optimize project specifications.
sel on 5 »  Obtain project materials that are similar to the preceding six project elements. Compare the

materials with the six elements and use the comparison result as the basic input source of

the solution.
jl »  Reference design includes the following key indicators: overall IT load, power supply and
cooling redundancy, and power density.
» Recommended sources: Reference solutions are obtained by end users and data center

operators, or from mature DCPI suppliers such as Huawei and Schneider.

Special requirements Consider special requirements and restrictions.
and restrictions
= » Consider special requirements and restrictions.
8 Huawel Confidentiol &2 HUAWEI

Determine project specifications: Hold meetings with related personnel and other
personnel who understand the core service requirements and objectives to
determine macro objectives of the data center project and determine basic
requirements for the DCPI.

Initial solution selection: Obtain some basic specifications from previous mature
projects in the industry in advance as a reference, use them as the basis of the
solution, and then adjust the solution based on the preferences or restrictions of
specific users.

Consider special requirements and restrictions: Special requirements refer to
customers' special requirements. Restrictions are determined by the environment
and are not controlled by the data center designer. Restrictions include facility
restrictions, regulatory restrictions, or unchangeable service requirements.
Professional consultants are required to assess whether decisions affecting the
physical location of facilities comply with related national and regional standards.




« The industry suggests that the final requirements consist of the following
elements:

o Standard requirements, which do not change with the project. Standard
requirements usually appear in the form of standards and specifications
(main components of data center specifications). Examples of standard
requirements include special regulatory compliance standards, subsystem
compatibility, safety, or best practices that need to be publicly explained to
engineers or installers.

o Project requirements define the details of project execution for users. These
include special deadlines, allocation or limitations of human or equipment
resources, and mandatory special procedures or other management
processes that must be followed by suppliers or the project.

« Requirement planning must be performed by the customer. The planned budget
is the project budget, excluding the operating expense (OPEX) budget.

» Preference refers to expectations that users may change or adjust after
considering (or re-considering) costs and results. Sometimes, user preferences
change after the user gets new information.

+ Restrictions are conditions that cannot be overcome or will incur great costs or
cause unacceptable consequences if not observed. Restrictions are pre-existing
conditions that are difficult or impossible to change.



System Planning Analysis Input of a Data Center

System planning

* All contents of requirement planning must be provided. The
selected cooling system must meet the requirements for
cooling space, power supply, safety, floor load, grounding,
and electrical protection.

* The system planning involves the layout and technology
selection of the computer room area, support area,
auxiliary area, and other areas.

» Plan the phased principle and subsequent implementation
plan. The subsequent implementation should not affect the
operation of completed areas.

Based on comprehensive analysis and evaluation
of multiple factors, adjust and modify the plan
and complete the planning of the cooling system
type, overall layout, and preliminary plane
partition of a data center.

10 Huawei Confidential
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Cooling System Planning Process

* Obtain and prepare for tasks.
o Task scenario analysis
o Floor plan
o Modular layout planning

o Typical layouts and
requirements of different levels

n Huawei Confidential

=N
(2

N

* Determine the system solution.

o

Cooling source solution planning
Energy-saving solution planning
Indoor unit solution planning

Humidity measurement and
control planning

Fresh air system solution planning

75N
(3

N/

* Check the detailed planning

data of the system.
o Cooling load determination

2 Indoor unit determination

Feasibility study report output

o Feasibility study solution output

/
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Determining Key Planning Specifications that Affect the

Cooling System

Planned capital cost for the project
System level requirements to be met based & il

on industry standards and specifications
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Considering Special Requirements and Restrictions

* Collect and evaluate special requirements of users:
= We want top cabling.
2 We want to make visitors feel comfortable when they visit the site.
o We hope that surveillance cameras can monitor the data center cooling system. ) % 4 @
o We prefer wide IT cabinets to obtain more cabling space.

= We want to physically separate IT cabinets for different IT customers.

. -
T gl

/
H . . . o . .
i Discuss the issues one by one, draw a definite conclusion, and release the conclusion.
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* In most cases, multiple modifications are required to determine the final user
preferences and restrictions. This task is completed when preferences and
restrictions are adapted to system concepts and summarized as conceptual
adjustments, validated preferences, and validated restrictions. If user preferences
and restrictions are synchronized with the previous task, the process and task can
be completed more quickly. Note that many restrictions cannot be determined
before the location is selected. This may require the previous task of developing
system concepts to be performed before you can collect restrictions.

« The main idea here is that user preferences and restrictions should be adjusted to
fit the system concepts that have been chosen.




Considering Special Requirements and Restrictions

Restrictions

o Physical properties of facilities (ceiling height, floor bearing capacity, geometric shape of the equipment room, existing columns

or walls, rooftop installation requirements for outdoor equipment, and onsite pipe routing requirements)

o Local laws or regulations

o Physical properties of the transportation passage (such as the bearing capacity of the elevator for transporting equipment to the

equipment room)

15

Cold aisle '/ In this example, one cabinet \\ Cold aisle
i
Hot aisle e i position is occupied. ! ~ Hotaisle
[U:]:D]:PZ/ ! A column can occupy a maximum | |:]
i 1
Eﬁiﬁm i of three cabinet positions based on | 0 =Coldgisle
1
Hot aisle i the column dimensions and the E D]%
i position of the column in the H
Cold aisle \ s ] Cold aisle
X cabinet row. J
Deployment scenario 1 s Deployment scenario 2
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Removing several cabinets in the

’
1
i middle of the cabinet row will
1
l

cause mixing of cold and hot air.
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Data Center Reconstruction(1)

* For many projects, an equipment room already exists. You need to deploy devices in the equipment room. Generally, you need to
perform site survey to obtain the building information and device layout.
* Take the international LAN switch room of an airport building as an example. The following operations need to be performed:
@ Understand the reconstruction scope, including the number and types of customer cabinets in the equipment room to define the project scope.
@ Record the equipment room information: The total area of the equipment room is 280 m*.

= Record the cabinet information: There are 100 cabinets in 10 rows to be reconstructed. The distance between each row is 1 m; the height of a cabinet
is 2.2 m and the width is 0.6 m; the total power consumption of the cabinets is 80 kW; the distance between the top of the cabinets and the air duct
is 0.9 m; the position of the column is marked.

s Record the power supply and distribution of the cooling system in the equipment room,

1

the cooling planning of the equipment room, the original indoor and outdoor units of air

rium 4

i

conditioners, water supply, fresh air, and air exhaust in case of faults in the equipment

room.

(I

= Obtain the onsite drawing from the customer or draw a drawing onsite.
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« Purpose: To calculate the load of the air conditioning system, determine the
system mode, plan the device installation position, and plan the pipe layout. The
device power must be the actual power of the cabinet. If nameplate power is
used, the calculated cooling load will be higher than the actual value.




Data Center Reconstruction(2)

» After selecting a solution, you need to perform the following operations:

o

Obtain geographic and climatic information.

Calculate cooling load (cooling loss). -'ﬁ’,l‘ o
Obtain the cooling capacity of indoor units.

Consider measurement tolerance and energy consumption. -
Determine the pipe routing mode of the indoor units of air conditioners.

Confirm other requirements, including heater (dehumidifier), humidifier, teamwork
control, fire extinguishing linkage, water leakage interruption, DCIM remote monitoring

and control, and maintenance space.
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Impact of Site Selection on a Cooling System - Climate(1)

Climate

A data center requires cooling throughout the year. In areas where the ambient temperature is low throughout the
year, free cooling can be used to reduce the compression cooling time, saving energy and reducing costs. However,
the cost of heating and humidification may increase in very cold areas. Comprehensive analysis needs to be

performed for different areas.

Beijing Shanghai Guangzhou Wuhan Ordos
. 7’ 1160 B’ ‘
9% o
%% N\ “ & m""
X |
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Impact of Site Selection on a Cooling System - Climate(2)

Area

Indicator

Key Indicator

Augxiliary Indicator

Requirement

D

Average temperature in the
coldest month: < -10°C

Number of days when the daily
average temperature is lower than or
equal to 5°C: > 145 days

Heat preservation requirements in
winter must be fully met. Generally,
protection measures against heat in
summer can be ignored.

Average temperature in the
coldest month: 0°C to -10°C

Number of days when the daily
average temperature is lower than or
equal to 5°C: 90-145 days

Heat preservation requirements in
winter should be met. Protection
measures against heat in summer in
some areas should be considered.

Mild area

Average temperature in the
coldest month: 0-13°C; average

temperature in the hottest month:

18-25°C

Number of days when the daily
average temperature is lower than or
equal to 5°C: 0-90 days

Heat preservation requirements in
winter in some areas should be met.
Generally, protection measures against
heat in summer can be ignored.

Areas with hot summer
and
cold winter

Direct ventilation free cooling days

20 Huawei Confidential

Average temperature in the

coldest month: 0°C to -10°C;
average temperature in the

hottest month: 25-30°C

Number of days when the daily
average temperature is lower than or
equal to 5°C: 0-90 days; number of
days when the daily average
temperature is greater than or equal
to 25°C: 40-110 days

Protection measures against heat in
summer must be taken. Heat
preservation in winter should be
considered based on requirements.

Average temperature in the
coldest month: > 10°C; average

temperature in the hottest month:

25-29°C

Number of days when the daily
average temperature is greater than or
equal to 25°C: 100-200 days

Protection measures against heat in
summer must be taken. Generally, heat
preservation in winter can be ignored.
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Impact of Site Selection on a Cooling System - Air Quality

Air quality

The corrosion mechanism of air contaminants on IT equipment is complex. Corrosion is usually caused by multiple
contaminants. International standards for the pollution degree are often set using silver and copper test bars
(measuring the thickness of corrosives every month, which is usually 200 angstroms using silver bars and 300
angstroms using copper bars).

The site must be away from dust, oil fume, harmful gas, or corrosive, flammable, or explosive materials. (Sea
and landfills are also sources of corrosive materials.)

Occasional air pollution may also cause damage to servers.

Exercise caution when selecting direct ventilation free
cooling. Even if there is no contaminant temporarily,
the air quality may be affected in the future.
Mountain fires, autumn harvests, salt fields, hazardous
chemical explosions can all be sources of pollution.
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Impact of Site Selection on a Cooling System -
Environmental Factors

* Do local utility conditions, such as electricity, water supply and drainage, communications,
diesel, and heat, meet the requirements of a data center?

* Are there any building restrictions, noise restrictions, contaminant emission restrictions, and

other local government restrictions?

* Is there an annual power outage maintenance time period that is not recognized by the
planned maintenance?
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Influence of a Floor Plan on Cooling Planning of Data Centers

AR

Complexity of power distribution and
cooling distribution systems

The floor plan of a data centeralso has a great
The floor plan has a great impact on the

number of cabinets that can be placed in an
equipmentroom. Generally, the area of an

impact on the complexity of the power
distribution and cooling distribution systems.

equipment room is divided into 3 m? per
cabinet.

o o
0 3 3 a \ ; » & \’
Distribution and predictability of the
temperature field in an equipment room The floor plan has a great impact on the effectof a
An effective floor plan and the cabinet in-row cooling system, especially when a traditional
cooling technology can be used to predict cooling system is deployed nearby. The floor plan
cooling capacity in a simple and reliable of specificIT loads can significantly reduce the
manner. energy consumption of a data center by affecting
the efficiency of the air conditioning system.
24 Huawei Confidential g% HUAWEI

Why do we need to consider the floor plan in the initial planning phase instead
of the detailed design phase? The reasons are as follows:

It is recommended that the data center power density be determined based on
the cabinet row. Therefore, the cabinet row layout must be determined before
the power density specifications are formulated.

Planning based on the cabinet row or cabinet row group produces the best effect.
Therefore, the cabinet row layout must be determined before an effective phase
plan is formulated.

The grid of the raised floor and the keel of the suspended ceiling must be aligned
with cabinets. Therefore, you must determine the cabinet row layout before
positioning the grid and keel.

The criticality and availability of different areas in a data center depend on the
actual situation. The cabinet row layout must be determined before a multi-level
criticality plan is made.

Achievable power density

The floor plan of a data center has a great impact on the power density that can
be achieved. In some cooling architectures, if the floor plan is poor, the allowable
power of a specific cabinet will be reduced by more than 50%, which greatly
affects the performance of a modern data center. The application of new
technologies in modern data centers poses great pressure on the design
capability of data centers. In many data centers, users want to build areas with
different power densities. The division of these density areas depends on the
device layout. Therefore, the floor plan is a key tool for describing and




determining the data center density.



Data Center Floor Plan and Area Division

* As recommended by the GB standard, a data center is divided into the following areas in a floor plan: computer room, auxiliary area, support area, and
administrative management area.

o N m \\\‘. NN ‘\ \ s\\“&\:@ N
\\\ 25 ‘ - \ \' " \ \\\\
o Chiller pla x\
{

um —} Spare parts
H-stoceroamy

Office wearehouse
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A Test and

ITR&D labs

Monitoring | || G

- - - center
\:\\ N \\ \\ \\\\\\\\ Huawei Data
\\\\ \ wmng room :\ \\ N Hall Carate ‘Male nter Layout Review Fo.
% \\ \& washroom | “washroom
ata’al X
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« The division of the data center area determines the application scope and system
mode of air conditioners. This section focuses on the layout of air conditioner
areas. The typical air conditioner layout is shown in the preceding figure. Air
conditioner rooms are deployed on two sides and physically isolated.




Influence of a Floor Plan on a Cooling System

* Affecting the building structure layout of a cooling system

o The equipment room layout of a new or reconstructed data center must be determined, including the positions
of walls, doors, windows, supportive columns, observation windows, and major water and electricity
connections. If a raised floor is used in the equipment room, the height of the floor and the location of the
escalator or elevator at the entrance should also be considered. In addition, other conditions inside the
equipment room, such as fresh air, air exhaust in case of faults, and floor drain, also need to be marked and
considered.

* Affecting the device layout of a cooling system

o The device layout includes the positions for IT, power distribution, and cooling devices. IT device positions can
be defined as cabinet positions, without considering specific devices in cabinets. However, the shape of devices
such as large enterprise servers is different from that of common cabinets, which have different impact on the
structure layout. Therefore, different measures must be taken for such devices. In addition, the characteristics of
the airflow path must be considered when IT devices are laid out.

26 Huawei Confidential s’% HUAWEI

« The measurement value of an equipment room is based on the floor tile. The
width of a floor tile is 600 mm or the width of a standard cabinet.

* The airflow of common IT cabinets is from the front to the rear. However, the
airflow mode of some devices is different, for example, from the front to the top.
During device layout, power and cooling devices must be considered. However,
many new power and cooling devices can be installed on cabinets or designed to
be installed on cabinet rows, which simplifies the layout.




Floor Plan Example

Identify major issues and set core areas and non-core areas.

27

o Core areas: areas that need to be focused on during planning, including the core area of a data center, power supply and
distribution system, cooling system, and monitoring system.

o Non-core areas: operation center, data center office, unloading platform, and warehouse

Classify equipment rooms and clearly define the power
density. Equipment rooms are classified into high-load,

resh air ) o . &
and exhaust medium-load, and low-load equipment rooms based on

the deployment and power consumption density of data
devices inside. Mark the three types of equipment rooms.
Reduce the impact of the environment on equipment
rooms. For a new equipment room, the direction of

Central
monitoring - external walls can be considered. The equipment room
can be designed on the east or north side of a building,
1# equipment and passages such as corridors can be reserved on the
room area
opposite side.

Design an appropriate area of equipment rooms. An
equipment room of a large data center should not be
square, but be rectangular. The economic area is 500-800
mm2

= = » Properly deploy devices.

Huawei Confidential 2 HUAWEI




Layout Principles for a Cooling System

* The core area should be compactly deployed based on the following considerations:

28

Security: Physical deployment in the core area protects the area from risks that may cause
damages.
Easy O&M:

= The cooling system layout should consider the following items in sequence based on the heat transfer
direction of servers in the data center: air conditioner indoor unit, water pump room (can be ignored for an

air-cooled DX system), and air conditioner outdoor unit platform (chiller platform).

= Power supply for the cooling system: Select an appropriate system based on the equipment room level and
reliability requirements to facilitate maintenance and isolation.

System economy: A compact and reasonable system layout shortens the distribution path of the
power distribution and cooling systems, reduces the length of bus cables and pipes, and saves costs.

Huawei Confidential g@ HUAWEI
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Problems That Can Be Solved by a Modular Architecture Layout

mining the layo

ually a time-consuming process tha lves repeated modifications. In this process, the space and location of a

f devices (including alternative devices) need to be analyzed. Different alternative devices have

nts on the occupied space, operation, and ports. In the modular architecture, the number of
device spaces that need to be considered is reduced significantly. The IT area is used as the core deployment unit,

that is, the floor plans of multiple devices are integrated into a single IT area floor plan.

| g::i:r;dvoom IT room IT room
| UPs [ UPs I U7 | | UPs |
ERER
. e q
_ 1
IT area floor plan consisting of the floor plans of Smart module with close-coupled Integrated smart module
multiple devices cooling
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« Several reports recently released by Gartner, a well-known consulting firm, show
a trend: The design of the first two generations of data centers cannot meet
current and future requirements. New data centers should no longer be a static
structure, but a dynamic organism that can evolve with the change of servers
and storage infrastructure. Therefore, Gartner recommends that a new data
center should adopt flexible, modular, and virtual design.

« A controversy about the modular architecture is that it is limited by the system
floor plan. If the layout of the IT area or other subsystems is not flexible, the
system may fail to fully utilize the available space. Users often need to place data
centers in existing spaces of various sizes and shapes. Although there are many
examples showing that standardized IT areas cannot make full use of ground
space, experience shows that this problem is not serious.




Planning a Data Center Project Using the Modular Method

.

Determine the main specifications of the overall design solution, such as the data center,
power capacity, future plan, and power density.

Select an existing standard modular architecture that best meets various requirements based on IT
specifications.

Determine the special restrictions of the project, such as the existing physical space, power supply,
or cooling subsystem.

|

V. Determine the modules and other options required to meet the IT specifications based on the
restrictions and selected architecture.

V. Verify that these modules can be deployed under the current project restrictions.

VI.  If the selected architecture cannot be used due to restrictions, consider other alternative solutions
within the architecture or alternative architectures, or try to adjust restrictions to select the final
architecture.

3 Huawei Confidential
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Floor Plan Comparison

2 HUAWEI
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« Compare the two modes when power is the same.



Huawei Ulangab Cloud Modular Data Center

* To maintain stable growth, make structural adjustments, and improve living

standards, Ulangab seizes the opportunity of coordinated development of
the Beijing-Tianjin-Hebei region and rapid growth of the cloud computing
industry, and introduces and supports cloud computing and related
industries as strategic industries.

* In Chahar Economic and Technological Development Area, Huawei has
planned an information industry park covering an area of 13 square
kilometers to expand the cloud computing service market, provide high-
quality cloud computing services for enterprises and institutions in and
outside China, and facilitate the rapid development of the cloud computing
industry in Ulangab.

* Cloud migration of information application systems of municipal [ Sy
departments is being actively carried out. Currently, 34 service systems have

been migrated to the cloud and rolled out.

* The mild climate, stable geology, and low energy costs make Ulanqab very
suitable for building data centers.
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First Layer Layout

Chiller Route A low-voltage power Route A high-voltage Chilled
plant distribution and route A UPS power distribution water tank

Diesel

tor

(DG) area
Heat

storage

tank

Cooling water Fire cylinder Route B low-voltage power Route B high-voltage

pump room distribution and route B UPS power distribution
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« The data center has two layers. The first layer is the support area, where facilities
such as the chillers, fire extinguishing system, and high-voltage power
distribution room are deployed.




Standard Layer Layout

Low-density data Route A low-voltage power
hall module distribution and route A UPS

_—_- ] — e B

High-density data Fire cylinder Route B low-voltage power UPS battery
hall module room distribution and route B UPS room
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Modular Data Center

)

P
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Twelve data halls, six on each layer. The
area, shape, and facilities are unified and
can be used and expanded by module.
Every two data halls form a group and
share a maintenance channel.

The data hall uses the smart module
combination, which can be quickly

expanded and reserved.

2 HUAWEI




Typical Layout of Cold Aisle In-row Air-Cooled Air
Conditioner Indoor Units

* Tier Ill: N active air conditioners + 1 standby air conditioner
l l

B 3 = 3 S = Gl S 3 | = S S S
2 2 2 2 2 2 2 2 2 2 2 g 2 g
> 2 Q 2 2 2 2 2 2 2 2 = 7 z
S S 2|l 3| 3 a2z |2 |2 =22

= I l l l

Cold Aisle of Computer Room 1

I I I ‘
E a2 3 = | E] 3 5 B E] 3 = = =
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« In a typical in-row solution, PDFs are deployed and occupy cabinet positions.




Power Configurations for Cold Aisle In-row Air-Cooled Air
Conditioner Indoor Units

* Power supply A comes from power distribution route A, and power supply B comes from power distribution route B
(power supplies A and B are turned on at the same time).

* Each air conditioneris configured with an ATS/STS.
* The ATS/STS can switch power supplies A and B to the indoor and outdoor units.

* The power supplies of the indoor and outdoor units should come from the same power supply device and be on the

same layer.
/,“ ~\‘\ I”
! A {
1 Power Supply A Power Supply B | :
i ATS/STS i i
i i H
1 1 1
1 I 1 1
1 1 1
1 1 1
i ; : i i
{ I Indoor Unit | |Outdoor Unit | ! !
\ i |
p /’ %
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« A power failure during the ATS switchover in a Tier Ill configuration is only an
operation event, not a fault.




Typical Layout of Tier IV Cold Aisle In-row Air-Cooled Air
Conditioner Indoor Units

* Tier IV: 2N (Half of the indoor units operate to meet the cooling requirements.)

= i E_|
] ] ‘Hf- fEL | aE
l
= +=1 1= 1= =] =1
==l =] —=< =1 =1

3 3 3 g 8

3 3 3 3 3
u Computer Room .
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Tier IV requirements: fault tolerance, partition isolation, continuous cooling, and
automatic response

The gas pipe and liquid pipe of an air conditioner are secured on a steel base and
can be isolated separately.




Power Configurations for Tier IV Cold Aisle In-row Air-
Cooled Air Conditioner Indoor Units

* In a 2N active system, there are N (three) air conditioners in
each aisle of the Tier IV system. UPS-A

* Routes A and B are operating at the same time.

* Each aisle can bear all cooling loads in the critical

environment to meet continuous cooling requirements. PDF-A PDF-B
—5 —~

* The power supplies of the indoor and outdoor units should
come from the same power supply device and be on the same

layer. [ A/C-A1 ][ A/C-B1 ]

* The air conditioner has a single power supply. The indoor unit
can have no ATS/STS.

Lv-4ad
e
>
f;
>
N
-
—
o
L89-40d
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Cooling Source Solution Planning for the Cooling System

* Classification of cooling source systems

o Any substances with cooling and dehumidification functions can be used as cooling sources for air conditioners on condition that

the substances are safe, economical, and environmentally friendly. In general, there are two types of cooling sources for air
conditioners: free and manual cooling sources.

o Manual cooling source solutions: DX cooling solution and CW cooling solution; FC source solutions: direct ventilation, rotary
wheel heat exchange, and water-based heat exchange

Manual
B\ cooling source

42 Huawei Confidential
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Data Center Cooling System Solution - DX Air Conditioning System

DX indoor unit

Air-cooled
outdoor unit |

» Easy to install, no need for water system energy-saving construction and maintenance
costs

> Relatively small and independent cooling cycle, easy to maintain

» Applicable to areas with insufficient water sources and places without cooling water
systems

» Not applicable to large data centers due to lower cooling energy efficiency than
that of chillers

~ The installation distance cannot be too long. Otherwise, the cooling loss is large.

43 Huawei Confidential

v

v

N

v

Refrigerant is filled before delivery and
does not need to be filled onsite.
Long-distance installation is supported,
but waterproof measures should be

taken.

Water and glycol are generally
required, and the maintenance is DX indoor unit
complex.

It is applicable to large open-circuit

systems with cooling towers or wells.

a1y

Water-
cooled
condenser
Water-fluorine
side plate heat
exchanger
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Data Center Cooling System Solution - CW Air Conditioning System

m Air conditioner
control system

Chiller control system

ﬁ Cooling water
outlet CW outlet

Compressor

o
U
—
£
=)
o
]
—
[<]
o
v

¥
)
U
-
-

4

x e
Cooling (W return  Cooling
tower water pump

— e —————————— — — — — t— — )

CW supply
—>

«—
Chiller CWreturn  CW pump

Air-cooled chiller

CW cooling source

Cooling terminal
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Water-cooled chiller system:

Consists of the air conditioner, CW pump, water-cooled chiller, cooling water
pump, cooling tower, water tank, and other related components.

Air-cooled chiller system:

Consists of the air conditioner, CW pump, air-cooled chiller, water tank, and
other related components.




Air Conditioner Cooling Source Solution - Continuous Cooling

* To ensure that the computer room and UPS room that generate much heat can maintain a stable temperature,
necessary measures must be taken for the cooling and air conditioning system to provide continuous cooling, so
that cooling for systems will not be interrupted due to events such as mains outage and chiller restart.

B * According to the white paper on the

continuous cooling system for high-
density data centers discussed by the
Uptime Institute, the cooling system is
classified into classes A, B, and C. Class A
is the uninterruptible cooling system;
class B is the continuous cooling system;

class C is the interruptible cooling system.

The figure on the left shows the class A

uninterruptible cooling system.

Class A uninterruptible cooling system with a chilled water
tank
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Data Center Cooling System Solution - FC

|
B & O

Advantages:
» Directly uses the cooling capacity of the
outdoor cooling source, resulting in ultra-

low energy consumption.
» Makes full use of the seasonal temperature

difference of air and water sources.

)
Used together
ventilat Used together ‘Water <ooked
l e [.....,._ ] ['-«-'-w-] [m...‘.....] [ Lo ;:;] [ﬂwﬂ«m] [,«..mw.
Py

» Has many mature cases in the industry.

Air pollution level in China
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Disadvantages:

7 Indirect FC is complex and prone to
single points of failure.

» Not applicable to
tropical/subtropical areas.

» Excessive air conditioning

increases IT

security risks.

VC NO,

[molec em?]
>
4010
2010
1010
5010
2010"
1.010"
5010"
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Data Center Cooling System Solution - Direct Ventilation FC

Mechanical cooling + direct ventilation hybrid Direct ventilation FC
coo"ing DUCTLESS RELIEF
AR RELIEF AlF
-
é DUCTLESS RETURN
RETURN AIR AR
. R !
_)‘ 11 g ;
L=
J0% OUTSIDE
RINTAKE :: g : ::
i i
MISTING
SYTEM
Features: Features:

Makes full use of FC sources, improving efficiency and saving energy. The PUE is close to 1.
Easy O&M
No mechanical cooling backup

» Multiple control modes, making full use of FC sources and saving energy

v

Y

Supports underfloor air supply. The indoor air conditioneris basically the same

Al

N

as a common air conditioner.

v
\

Supports DX and CW mechanical cooling backup. The project is complex and has high requirements on the building height and outdoor

Al

The project is complex and has high requirements on the building height air quality.

and outdoor air quality. ~ Fails to meet the Tier lll standards.
~ High restrictions on areas, applicable to areas where the annual average

temperature is lower than 20°C
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Data Center Cooling System Solution - Other FC Modes

Use natural water sources (such as lake water, groundwater, and Chillers with FC coil pipes
seawater) to exchange heat with CW.

Pump
Cooling tower

-
DX FC: fluorine pump system 4 Indirect air-based FC:
Rotary wheel/heat exchanger

1 \
| |
ats ats I X :
¥ |

K\ ) Data center |

1 i
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Heat exchange between natural water sources and CW: has high requirements on
the quality of water sources and has risks of environmental damage.

Air-cooled chiller FC: applied in some scenarios.
Air-cooled & water-cooled dual cooling sources: applied in some scenarios.

Fluorine pump FC: applied in some scenarios.




Air Conditioner Energy-Saving Solution - Evaporative
Cooling Solution

*  Uses an air-to-air heat exchanger to lower the indoor temperature through the outdoor low-temperature cooling source.
*  Fully utilizes the difference between dry and wet bulb temperatures to prolong the free cooling time by using the spraying system.

*  Starts mechanical cooling for auxiliary cooling when the cooling capacity provided by free cooling is insufficient.

T -
Secondary 4 Water spraying

air outlet r Outdoor air exhaust ~ Outdoor air

exhaust

Indoor

I I ( Indoor air return ?elgrturn
Primary air inlet Primary air outlet Outdoor
e | fresh air
OR4} @7 ==
(XX)
' ¢ Indoor ?“l:"‘?'
air supply resh air
3 Secondary air Outdoor fresh air -
inlet T i l Indoor air
A g supply
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Key Points for Selecting an Energy - Saving Solution

* Data center scale and capacity
o Total cooling load of the cooling source, building footprint, and building floor height
* Surrounding environment conditions

2 Air temperature and quality, whether there is waste heat and industrial waste heat, whether the power supply is sufficient, and
whether there is a renewable cooling source

* Building installation environment

@ Whether there is a basement, whether there are open spaces outdoors and on the roof, and whether there is a device layer
* Performance requirements

@ PUE requirements, continuous cooling requirements, reliability level requirements, and control policy complexity
* Economy requirements

@ If two or more solutions are available, you need to analyze the initial investment and OPEX.
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Indoor unit types of
in-room, in-row, and
in-cabinet cooling
+ Indoor unit type
selection and

recommendation

« Indoor unit type

comparison

Huawei Confidential

Indoor unit layout

Layout scenario

Energy-saving mode

Key Points of Indoor Unit Solution Planning

Selection of the airflow
organization mode of
the indoor unit

« Selection of air
supply modes

« Selection of air

return modes

Underfloor air supply

Characteristics of

underfloor air supply

Optimization scheme of

underfloor air supply
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Indoor Unit Solution - High-Density Data Center In-cabinet
Cooling

* Chilled water backplane air conditioner

54

The indoor unit of the heat exchange system is combined with
the cabinet door, and the cooling source is close to the heat

source, achieving high cooling efficiency.

The indoor units of the entire air conditioning system are
distributed on the front door of each cabinet and do not occupy
extra space of the equipment room. This improves the space
utilization of the equipment room.

Cold aisles are formed inside cabinets and hot aisles are formed
outside cabinets. The cooling capacity is concentrated on target
devices without loss.

The heat exchanging capacity of each cabinet is greater than or
equal to 10 kW and can be adjusted based on the internal load.

The cabinet integrates the air conditioner, power supply, and

monitoring systems, which are completely modular.

Huawei Confidential

Water
refill pipe

The equipment room provides a chilled water
pipe. The supply water temperature is 12°C.

1

Cabinet cutlet air

Automatic y
s+ temperature: 32°C
valve
Chilled water Outlet air
distribution temperature of the
cabinet.

front door for cooling:
¢

NITT
=

exchanger

Plate heat

1

‘Water return pipe

Return water
Drainpipe

= 17'C Anti-leak:
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Indoor Unit Solution - High-Density Data Center In-cabinet Cooling

Cooling architecture of a heat pipe backplane Power heat pipe
ravity-assisted) air conditioner . backplane Water-cooled refrigerant
© Wazr )A” return Power heat pipe backplane distribution unit

! fluorine heat 2 pipe 3 Gas hose
exchanger /

hilled water
Chilled —» return

ater-cool
water = v g |

condenser

Chilled water

. A supply

Liqujd storage
tank

Subcooler
Jolenoid

valyg”

Indoor unit ¥ Refrigerant pump

G da‘/ 74 &/ >/ 2/ Main part
round = s - - e
Liquid BackplanelLiquid hose Cabinet Power-based solution improvement

supply pipe = A refrigerant pump and liquid storage tank are added to the water-cooled

« Energy saving and high efficiency refrigerant distribution unit (water fluorine heat exchanger) to meet the strict

z % L requirements for the installation position of the water fluorine heat exchanger
* High-d y heat ion eq P g

p

R R and solve the problem that no refrigerant is delivered to the remote cabinet.
* No occupation of equipment room space oy s v
= The system complexity is increased, the system reliability is reduced, and the
+ Flexible configuration and easy installation : s
cost is greatly increased.
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« Cooling architecture of a heat pipe backplane (gravity-assisted) air conditioner

= This air conditioner type prevents water from entering the cabinet area and
eliminates water leakage risks.

= High plane usage of the computer room (doubtful)

= There are a large number of indoor units (backplanes), pipes, and
connectors, and the O&M workload is heavy.

= Refrigerant is delivered by gravity, and there is a risk that the remote
cabinet has no available refrigerant.

= Requirements on the installation position and construction of a water
fluorine heat exchanger are high.

« The hot air exhausted by the server exchanges heat with the backplane installed
at the rear of the cabinet. The heat changes the coolant in the backplane from
the liquid state to the gas state. The coolant carries heat exhausted by the server
to the cooling distribution unit (CDU) at the top of the cabinet. After being
cooled by the CDU, the coolant changes to the liquid state and flows back to the
backplane by gravity. In this way, a heat exchange cycle is completed. The other
side of the CDU is connected to the chilled water circulating system to
continuously absorb the heat transferred by the coolant. The chilled water is
provided by the outdoor cooling station. Free cooling technologies can also be
used based on the site climate.




» A heat pipe backplane air conditioner has the following features:

u]

Energy saving and high efficiency: Cooling efficiency is improved by directly
cooling the cabinet. The coolant keeps cyclic using the phase change and
gravity. No external energy is required for air supply and cooling, which
reduces internal energy consumption of the equipment room and is more
energy-saving compared with traditional precision air conditioners.

High-density heat dissipation: The heat dissipation issue of high-density
servers is resolved. Currently, the cooling capacity of the heat pipe
backplane air conditioner ranges from 8 kW to 16 kW.

No occupation of equipment room space: The indoor unit is integrated with
the cabinet. The issues of insufficient cooling capacity and local overheating
in the equipment room are resolved without occupying extra equipment
room space.

Flexible configuration and easy installation: Indoor installation does not
affect the normal operation of the server and the server does not need to
be shut down. It is applicable to the equipment room reconstruction
scenario.

Other features: Both the indoor unit and CDU are static devices. They are
durable and reliable, generate no noise during operating, almost require no
maintenance, and provide a comfortable environment for O&M personnel.

« The gravity-assisted backplane air conditioner solution has the following
problems: 1. The water-cooled condenser is installed higher than the backplane
air conditioner. Therefore, there are requirements on the installation clearance



and height. 2. Currently, all backplane air conditioners adjust the airflow
passively, and have no active flow adjustment device. 3. The existing heat pipe
backplane air conditioners mostly use multiple fans. However, if multiple fans
are adjusted together, the supply air temperatures will be uneven.
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Humidity Control Planning in a Data Center

*  We usually focus on how to reduce the power consumption of the chiller, indoor unit, and water system components of a cooling
system. The energy consumption of the humidification system is easily ignored. Using a data center in a northern area as an
example, 2% to 3% of the annual energy consumption of the air conditioning system is caused by the humidification system. If the
annual energy consumption of the cooling system in a data center is 10 million kWh, 2 to 3 million kWh of energy is consumed by

the humidification system in the 10-year life cycle.

* The humidity of the waste heat exhaust vent at the rear of an IT device does not need to be measured, and does not affect the
availability of the device. It is unrealistic to measure the humidity of each device. For the environment where a cabinet is used, we
can only monitor the humidity at the position 1/3 from the cabinet top inside the front door adjacent to the computing device.

-

Waste heat exhaust ]
temperature: 38°C !
Relative humidity: 22% |
Dew point temperature: E

. H

Cabinet
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upper fre
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« Every three in-row air conditioners have one backup device to form N+1
redundancy. Generally, one humidifier is deployed for every 12 in-row air
conditioners, and one humidifier is associated with one equipment room. The
configuration can also be customized. Among every four air conditioners, one air
conditioner with the humidification function is configured.




Humidity Control Policy

Equipment room humidity
sensor

Lower than the

|

Control module for the
constant temperature and
humidity device

Higher than the
required
humidity

required
humidity
Humidify
Stop
Meet the humidity
requirements.
Humidification method:
Wet film adiabatic humidification
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Dehumidify

Stop

Meet the humidity
requirements.

Dehumidification method:

Condensation

dehumidification
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Humidification Mode Selection and Recommendation

Humidifier Type

-
a

7 Wet Film Humidifier oS

Electrode Humidifier

Infrared Humidifier

Humidification Principle

The water in the sprinkler on the top of the
wet film permeates due to gravity and then
is absorbed. When dry air passes through
the wet film, water molecules absorb heat,
evaporate, and turn into moist air.

After AC power is supplied to the electrodes of the
storage and steam cylinder in the humidifier, the
impurities in water start moving, and kinetic energy
is turned into thermal energy. The generated steam
is sprayed into the air flow through spray pipes and
then evaporates.

Water evaporates when a highlighted
infrared quartz lamp is hung above an
open water pan. The generated steam
spreads to the air flow that requires
humidification.

Energy Consumption (Wh/kg)

15

780

700

Water Quality Requirement

Clean tap water

Clean tap water or softened water

Clean tap water

Replaced Component

Humidification module (replaced every 8 to
10 years based on the stain status)

Steam cylinder

Infrared lamp

Maintenance Interval

Once per year

Once per year

Once per year

Water Supply Utilization

30-70%

75-90%

75-90%

No white powder, self-regulated and clean
humidification, no noise, high strength,

Key parts made of imported materials, low noise,
adjustable humidification amount, high

Rapid humidification, no drops and
bacteria, excellent control

Advantages strong s rﬁlstanFE, antl-mmroblal, humidification purity, high cost, and often used for | performance, simple deployment, and
long life cycle, small equipment size, less uipment room air conditioners self-cleanin
maintenance, and low OPEX I 9
Disadvan \Micro-organism pollution, and !emperature/ High energy consumption and OPEX, prone to High energy consumption and OPEX,
9 degreasing during humidification /" | scaling and difficult to clean short life cycle, and high price
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» The development trend of humidification systems is the same as that of data
centers. Currently, green data centers that are energy-saving and environment-
friendly are a major development trend. The development of humidification
systems complies with this trend: From the built-in electrode humidifier and
infrared humidifier with high energy consumption to the independent wet film

humidifier with lower energy consumption, and to the integration of the wet film

humidifier into the precision air conditioning system, the humidifier energy
consumption has been reduced.

It can be inferred that with the development of humidification technologies,
more efficient and energy-saving humidification modes will emerge to meet the
requirements of green data centers.




Fresh Air System Solution

Four solutions

Solution 1 Solution 2 Solution 3 Solution 4
Fan section, Fan section, Fan section, Fan section and
filtering section, filtering section, filtering section, filtering section
pre-cooling section, pre-cooling and heat recovery
humidification section, and section
section, and heat humidification
recovery section section
Modular combination for different scenarios
Solution cost
from high to low
61 Huawei Confidential 2 HUAWEI

When fresh air is not supplied to the return air vent of the indoor air conditioner
(the indoor air conditioner bears the fresh air load), you need to configure a pre-
cooling section to meet the supply air temperature requirements. When
independent fresh air control is used in humidity control and the outdoor
humidity is higher than the indoor control target, you need to configure a
dehumidification section (cooling is used for dehumidification generally).

When independent fresh air control is used in humidity control and the outdoor
humidity is lower than the indoor control target, you need to configure a
humidification section.

To save energy, you can configure a heat recovery section to use exhaust air to
preheat or pre-cool the fresh air. There are plate type and rotary-wheel type.

The heating section needs to be configured only when the fresh air unit uses the
constant temperature and humidity air supply solution. After cooling and
dehumidification, air needs to be reheated and then transferred to the dry bulb
working condition for air supply. This is a non-energy saving solution and is not
recommended.

In the data center air conditioning field, the fresh air solution is usually combined
with free cooling to form an air conditioning system.

Fresh air volume: number of personnel in the equipment room and equipment
room space

Outdoor air specifications: outdoor air temperature, humidity, and cleanliness

Economy requirements: If two or more solutions are available, you need to




analyze the initial investment and OPEX.
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Calculation of the Cooling Load of Air Conditioners -
Determination of the Cooling Load of Air Conditioners

Col
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Determining the Air Conditioner Indoor Unit Configuration

* Determine whether to use in-cabinet, in-row, or in-room cooling based on the power density.
* Configure the air conditioner indoor unit capacity based on the estimated service growth rate.

* Check whether there are raised floors, whether cold or hot aisle containment exists, whether cold and hot air is mixed, and whether
air supply is blocked in different equipment room areas.

* Determine PUE requirements, continuous cooling requirements, and reliability level requirements, and evaluate whether hot spots
will occur.

* If two or more solutions are available, you need to analyze the initial investment and OPEX.

A~ _~

Selection of air Calculation of the
conditioner number of

indoor units indoor units

A_~

Indoor unit
layout of the
air conditioning

functional area
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Summary

* Floor Plan
* Modular Layout Planning

* Key Points of System Planning
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True or False

1. For air-side free cooling data center, mountain fire, salt field, and hazardous
chemical explosion may affect the running of the cooling system.

2. Only using direct air free cooling does not meet the Tier Ill standard.

66 Huawei Confidential g’é HUAWEI
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Load Calculation and Air Conditioner
Configuration for Data Center Cooling System
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Foreword

* This course consists of two parts:

o Part 1 describes the cooling load calculation principles, related standards,
theoretical calculation, and load calculation examples of data center air
conditioners.

o Part 2 describes the air conditioners in a data center, in terms of configuration
principles and features, recommended model selection, layout selection, and
key planning points of the air supply mode.

Hoswe Confidenial &2 HUAWEI
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Objectives

On completion of this course, you will be able to:

o

o

o

o

o

Master the load types of data centers.

Master how to calculate the cooling load of data centers.

Understand the methods for estimating the cooling load.

Be able to output simple configuration solutions.

Get familiar with the types of data center air conditioners.

Master the type selection of data center air conditioners.

Master the air conditioner layout and selection in an equipment room.

Understand the basic air supply modes and selection of data center air conditioners.

Huawei Confidential g@ HUAWEI
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Contents

1. Load Introduction and Calculation for Data Center Cooling System
= | oad Types and Control Requirements for Data Center Cooling System
Cooling Load Calculation and Estimation for Data Centers
IT Load Calculation and Selection

2. Air Conditioner Planning and Configuration for Data Center Cooling

System
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Air Conditioner Load Types

* Air conditioner load types

The amount of cooling (heat taken away by the air

conditioning system) that must be provided to the room at

a certain moment to maintain the indoor set temperature

]
change

SNS—

The amount of heat that must be provided to the The amount of moisture that needs to be removed
room per unit of time to maintain the indoor set — from (or added to) a room to maintain the indoor

temperature Phase relative humidity
change

4 Huawel Confidentia 2 HuawEl

« The cooling load consists of sensible heat and latent heat.




Cooling Load Composition for Air Conditioners in a Data Center

Heat from lighting /
Heat from human bodies Instantaneous
heat gain
Convection heat transfer through
diation

v
1 n . Instantaneous cooling
| Transfer to indoor {oad inthe al
glass ra L oad in the air
conditioning area
/

Unstable heat transfer of the
enclosure -
: |

|

’ /
i H i 1
! Main factors: H ! Main considerations: \
H Outdoor air temperature 1 : Control requirements for 1
H and solar radiation heat H ! indoor air temperature H
\ / \ J
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 Instantaneous heat gain refers to the sum of all kinds of heat that enters the
room through the enclosure and dissipates inside the room at a certain moment.




Data Center Temperature Requirements

* In China: GB 50174-2017 Code for design of data centers

* International: American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) and
TIA-942

______________________________________________

____________________________

* Focus on the following environmental parameters of the equipment room: temperature, dew point
temperature, and relative humidity.

6 Huawe Confidentia 2 HUAWEI

« The data center design consists of 12 professions, that is, process, planning,
building, structure, air conditioning, power, water supply and drainage, power
supply and distribution, lighting, communication information, automatic control,
and technical economy. The process profession is of utmost priority, and other
professions are designed to meet process requirements.

* From 2004 to 2011, ASHRAE released three editions of Thermal Guidelines for
Data Processing Environments, in which the ambient temperature (intake air
temperature) of servers is changed from 20° C-25° Cto 18" C-27° C. This
initiative has been recognized and supported by electronic information
equipment manufacturers in most countries, including China.




ASHRAE - Suggestions on Temperature and Humidity
Design for Data Centers (1)

* Recommended and allowable levels for Class 1, Class 2, and NEBS environments

o The following table lists the recommended and allowable levels for Class 1, Class 2, and

NEBS environments.

Classes 1 and 2 NEBS
Condition Allowable Level Recommended Level Allowable Level Recommended Level
Temperature control range* 1510 32°C*(Class 1) 1810 27°C S0 40°Cs! 1810 27°C¢
1010 35°C" (Class 2)
Maximum temperature rate of SKh (cooling) 30 K/k¥
change* : (warming) 96 K/ke 4

Relative humidity control range* 20 1o 80%, Dew point 5.5t0 15°C, 510 85%, Max 55%¢

17°C max. dew point (Class 1) rh less than 60% 28°C max. dew point*

21°C max. dew point (Class 2)
Filtration quality 65%, min. 30% Min. 85% (Min. MERV 13)°

(MERV 11, min. MERV §)*

ASHRAE's requirements for Class 1, Class 2, and NEBS environments

7 Huawel Confidentil 2 HUAWEI

If the equipment is exposed to a high temperature for a long time (the
temperature fluctuation frequency or amplitude is large), the equipment fault
rate increases, the equipment service life decreases, the hardware/software fault
rate increases, and the heat transfer performance decreases. If the temperature
exceeds the allowable range for a short time, the equipment is not affected.
However, if the equipment runs close to the temperature range for several
months, the occurrence probability of the preceding issues increases. Designers
and managers should work hard to make the equipment work within the
allowable temperature range. ASHRAE (2008) and Telcordia (2001) recommend
a temperature range of 18° Cto 27° C.

Network Equipment-Building System




ASHRAE - Suggestions on Temperature and Humidity
Design for Data Centers (2)

* lllustration of allowable Class 1 ABHRAE PEVCIROMETIIE CHARTING.S

environmental requirements on

ONOTIONNG ENGAEERS.

" SEALEVEL
the psychrometric chart

o The psychrometric chart shows
the recommended temperature

and humidity ranges and the

Vet Bulb Temperature (°C) - slanted

allowable maximum ranges for o P Tt 0 S

Class 1 environments.
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Comparison of Environment Requirements Inside Data Centers

Item GB 50174 ASHRAE

f
Temperature (°C) E 18-27°C 18-27°C

........ . e e rrrr or nrr!

The relative humidity is less than or equal to
60%. 20-80%

The recommended maximum inlet
temperature change for Classes 1 and

Humidity

< 5°C/h if a magnetic tape drive is used

Temperature change rate < 20°C/h if a magnetic tape drive is used

Y 2is 5 K/h.
' o
Dew point temperature (°C) i 55-15°C 17-21°C recom?:dnged for Classes 1
1
\
Cleanliness < 17,600,000 particles Calculation based on the filtering level

* The operating conditions of electronic information equipment manufactured by some manufacturers in and outside
China are as follows:

@ Dell: 10-35°C, 20-80%; HP: 10-35°C, 20-80%

@ Huawei: 10-35°C, 8-85%; Lenovo: 10-35°C, 8-80%

9 Huawel Confidentia &2 HUAWEI

Particle in GB 50174: number of suspended particles with a diameter greater than
or equal to 0.5 pm in 1 m3 air

The ASHRAE (2008) recommended maximum inlet temperature change is 5 K/h
for Classes 1 and 2. The typical requirements for tapes are that the change rate is
less than 2 K/h and the relative humidity change is less than 5%/h (ASHRAE,
2004).

The dew point temperature is used instead of relative humidity to make the
measurement more accurate. Both the dew point temperature and relative
humidity can indicate the moisture content in air. When the moisture content in
air remains unchanged, the dew point temperature is a fixed value, while the
relative humidity varies with the temperature. Therefore, GB 50174-2017 uses
dew point temperature to indicate the moisture content in air.




How to Determine the Temperature and Humidity of Data
Centers

* The specific temperature and humidity range must comply with the customer's requirements.
If there is no specific requirement, you are advised to select based on the following
principles:

o |f there is an aisle containment, the recommended temperature for the cold aisle or server inlet is
23°C£2°C or24°CE2°C.

Cold aisle containment Hot aisle containment

o |f there is no aisle containment, the recommended server inlet temperature is 23°C+2°C or
24°C+2°C. Relative humidity: 50% * 5%

10 Huawel Confidentil 2 HUAWEI

« The preceding lists the temperature control recommendations for Huawei
modular data centers, which are based on the China's standards. The content
about dew point temperature in the China's standards is for reference only.
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Cooling Load to be Calculated for Data Centers

* The cooling load of air conditioners consists of the total heat generated by all components in the data center and the heat sources

from the surrounding environment.

Heat from equipment

Heat generated by

in data centers the fresh air system
Heat from IT equipment, Heat generated due to the
uninterruptible power supply (UPS), working of the fresh air system
battery room, as well as power or heat leaked through gaps
formation and distributi
equipment
Communications equipment :’,::2: :: s Wiidon, o I
UPS, power distribution unit .
(PDU), battery, and cable |
3 |
Proportion: 80% ) Proportion: 5%-20% i
12 Huawei Confidential “ HUAWEI

For large data centers with outdoor walls and roofs, outdoor heat enters the data
center through walls and roofs in the form of heat conduction and radiation. The
air conditioning system must take away the heat. The cooling load of the air
conditioning system must include this part of heat.




Data Center Cooling Load Calculation - IT Equipment and UPS

* Heat from IT equipment

| Definition

E = Heat from IT equipment
| Calculation

: = Heat from IT equipment: Q=N x p x n1
i Description

E = N: planned rack quantity

: = p: power density of a single rack

: = n1: simultaneous full-load coefficient (determined
| based on customer requirements)

: Generally, there is no special requirement and the

1
]

default value is 1.

13 Huawei Confidential

» UPS heat dissipation calculation

| Definition

E = The UPS also generates heat. Generally, the UPS
: has heat dissipation equipment such as fans. Its
: heat is related to its actual power and power

| factor.

| Calculation

i = |t can be calculated as follows: Qe =N (1 - n)
| Description

| = Q: heat dissipation capacity (kW)

| = N: actual power consumption (kW)

1
]

= n: efficiency. The value ranges from 0.96 to 0.97.
L

2 HUAWEI

* The heat from IT equipment is generally a stable value.

IT equipment includes communication equipment, servers, storage equipment,

and switches.




Data Center Cooling Load Calculation - Heat from Power
Transformation and Distribution Equipment

* Heat generated by power distribution equipment, such as PDUs, in Internet data centers

Definition

= Heat from PDUs and low-voltage (LV) power distribution equipment

Calculation °

Heat from PDUs ®
@

= When the PDU is not equipped with an isolation transformer, the amount of heat generated is 0.5% x IT power consumption (kW).

Heat from LV power distribution equipment i1
= Heat from LV power distribution equipment = Total active power of the system (kW) x (1 - 99.5%) Y
= Heat from LV power distribution equipment = Total apparent power of the system (kVA) x Power factor x Load rate x (1 - 99.5%) I [“““

! I
! I
! I
! 1
! 1
! I
! I
! I
|

| = When the PDU is equipped with a built-in isolation transformer, the amount of heat generated is 2% x IT power consumption (kW). :
|

. l
! I
! |
! |
! I
! I
! I
! 1
! I
! I
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Data Center Cooling Load Calculation - Heat from
Equipment in the Battery Room

* Heat from the battery room

| Definition

| = Heat generated by batteries during charging
|

: Calculation

]
|
|
|
|
|
1
|
| Description :
= g: heat dissipation (W) per Ah at the voltage of 2 V. When the battery charging current is 0.1C, 0.15C, 0.2C i
1

1

]

]

]

]

1

1

]

|

|

= If no value is provided, use the following formula to calculate: Qgar =g x U/2x Cx N

and 0.3C, the value is 0.01, 0.015, 0.02, and 0.03 respectively.
= U: battery voltage (V)
= C: battery capacity (Ah)

|
|
|
]
|
|
|
|
]
| = N: total number of batteries
|

|
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Generally, a large-capacity UPS is deployed in an independent room. It has
certain requirements for the temperature, humidity, and cleanliness of the indoor
environment.




Data Center Cooling Load Calculation - Other Heat Sources

Item

Definition

Calculation

Remarks

Heat from the
enclosure

Heat transferred to the data
center through walls, doors,
and windows due to
temperature difference

Calculated based on stable heat
transfer: Qw =K x F x (t1 - t2)

K: heat transfer coefficient, which is
calculated based on the building or
ranges from 1.4 to 1.6.

A value of t1 minus t2 may be
determined based on 8°C to 10°C.

If there is no detailed calculation condition, estimate the heat dissipation by
each unit: Q = A xn x 0.02 (kW/m?). In the formula, A indicates the area of the
equipment room (m?), and n indicates the number of external walls, floors, and
roofs that are adjacent to a non-air-conditioning room. (If the four walls of the
equipment room, floor, and roof are adjacent to the non-air-conditioning room,
the value of n is 6. If none of them is adjacent to the non-air-cenditioning room,
the value of n is 0.)

Heat from
human bodies

Cooling load caused by
human body heat dissipation

Human body sensible heat cooling
load: Qr=px N

p = 0.18 kW (sensible heat and latent heat generated by human bodies in the
equipment room at a temperature of 24°C)

N: maximum number of persons that may appear in the equipment room at the
same time in normal cases.

Heat from
lighting

Cooling load generated by
the lighting system deployed

in a room

Heat generated by lighting: Q = 1.2
xPxnlx(Xt-T)

P: installation power of lighting equipment in the equipment room (kW)

n1: simultaneous usage coefficient (provided by the electrical profession)

Xt - T: cooling load coefficient of lights from the calculation time t to the light-
on time T (obtained from the design manual). 1.2 is the heat dissipation
coefficient additionally added for the fluorescent lamp rectifier.

If there is no detailed calculation condition, estimate the heat dissipation by
each unit: 15 W/m? for the IDC and UPS equipment room, and 10 W/m? for the
battery room and LV power distribution room.

Heat from the
fresh air system

Heat generated by the fresh
air system

Qx=Mx (h1 -h2)

M: fresh air volume in the equipment room (kg/s); h1: outdoor air enthalpy
(kJ/kg); h2: indoor air enthalpy (kJ/kg)

If the fresh air load is carried by the chilled water system of the data center, it
should be included in the total cooling load. If the fresh air load is carried by an
independent direct expansion (DX) air conditioner, it is not included in the total
cooling load.

16 Huawei Confidential
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Load Calculation by Region (1)

* Table for air conditioner cooling load calculation by region

Region Heat from Equipment in the Data Hall Personnel Heat Dissipation
Average A Heat Total
Equlpme Area Net ‘r;lumber Cabinet t?):lfjfi :'Rl:ll_tfg‘::u Heat from IT Dissipation ;ies;t tion :E'o;ail e Heat Dissipation (’;‘fu e Personne
QUIPME c1or 5 Height 2 Power = Equipment Load pa quipk Per Unit | Heat
nt Room (m°®) Cabinets cient Coefficient ; Load of the t Load Personne
(m) N (kW/Rac 1 5 (kw) Coefficient of PDU (kW)  (KW) (W/Person) \ Load
k) TS 1 the PDU (kW)
IDC1
Heat from Lighting Heat from the Enclosure Total Room Cooling Load
Heat
Heat Transfer Rooftop Heat % at
Heat 7 otal Total  Indoor Highest Transfer
Dissipation Li t:tl Chuefﬁcuent ff External Tranf:fgr Rooftop Design Outdoor  Load of Trar;sfefrth 'Is’otal gt:uln f;:‘;
Per Unit 'ghting 20 Wall Area Losficent Area Temperatu Temperatur the coadioftie SHUctCle 9
Load (kW)  wall K1 K o Rooftop Load (kW) Load (kW) (kW/m2)
(W/m2) . (m2) o m2) re("C e External
W/(m2:° Q) W/(m2+" Q) Wall (kw) (kW
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Load Calculation by Region (2)

* Load summary table

e era.t 3 SRS A S Redundancy Total Cooling

Heat Dissipation Dissipation Heat Dissipation  Heat Dissipation Total Room oy S

Equipment Room Load of Load of Load of Lightings Load of the Cooling Load ggz,f-:c:?t i iipg;gjizt;s:rosm
Equipment (kW) ;’:\;\s’z))nnel (kw) Enclosure (kW) (kW) Conditioners (kW)

IDC1

IDC2

UPS room 1

UPS room 2

Battery room

LV power distribution room 1

LV power distribution room 2

Operation room

Total Cooling Load (kW)

18 Huawei Confidential s’% HUAWEI

* Note: If the load of the fresh air unit is carried by the chiller, the fresh air load
should be included in the cooling capacity calculation of the chiller. Otherwise, it
is not included.




Data Center Cooling Load Estimation Overview

¢ Two estimation methods:

o Calculation by unit area

= |t is rough estimation based on the actual accumulated air conditioner load estimation counters. The air
conditioner load counter refers to the cooling capacity required by the equipment in every 1 m? air
conditioning area of the building.
o Load statistics method (modular solution)

* Modular solution: it is estimation based on the number of cabinets and power density of a single cabinet.
Number of cabinets x Power density x Simultaneous coefficient (0.6-0.8 or 1) x Comprehensive coefficient

=
i

(1.3-1.5 for open aisles and 1.1-1.2 for aisle containment)

B |
e
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« The total net cooling capacity of the air conditioners (after the heat generated by
the air conditioners is reduced) should be greater than the cooling load of the air
conditioners. The redundancy coefficient is usually multiplied by 1.05 to 1.1.




Data Center Cooling Load Estimation - Calculation by Unit Area

* |In the actual engineering solution design, due to the complexity of the building structure, select the
cooling capacity required by the equipment room unit area according to the following table, and then
calculate the cooling capacity requirement according to the total area.

Area Method
Equipment Room Type Power Density
Telecom switch room and mobile base station 350-500 W/m? + The estimated load of an equipment room
Transmission equipment room 250-350 W/m? Ercminsdiise Shte snpie
statistics of equipment rooms of the same
L 600-800 W/m? type. When this method is used, the actual
Computer room and control center 350-500 W/m? power value and source must be specified.
Precision machining workshop 300-350 W/m? However, the load density changes greatly
Standard test room and calibration center 250-300 W/m? due to the development of the power trend.
UPS, battery room, and power equipment room 300-350 W/m? Therefore, the estimated value can onl

used as a reference.
* For example, the heat dissipation capacity of a 130 m? computer room culated based on 350

W/m? 130 x 0.35 = 45.5 kW.
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This method is not used for modular data centers.




Data Center Cooling Load Estimation - Load Statistics
Method (Modular Solution)

5 Battery 2 > Comprehensive
Eauibment Room Number of :os‘?:rlga';s:';y of UPS Power Cabinet g::#it:i::;ty Coefficient (Aisle  Total Cooling
iads Racks (kW)g (kw) Power (Recommended) Containment or Capacity (kw)
(Optional) Open Aisle)
IDC1
IDC 2

Total Cooling Load (kW)
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Discussion

The key to cooling load calculation is to obtain the heat dissipation capacity of IT equipment. However, in some
cases, the available computing capability is calculated based on the equipment quantity that can be satisfied by the
planned construction area, or the required area is calculated based on the equipment quantity. So, what is the
relationship between the data center area and the equipment quantity? How can we calculate the equipment

quantity based on the data center area?

Equipment room layout Number of cabinets Equipment quantity

23 Huawei Confidential
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« It is common that the available computing capability is calculated based on the
equipment quantity that can be satisfied by the planned construction area, or the
required area is calculated based on the equipment quantity.




Mapping Between the Data Center Area and the
Equipment Quantity

* The composition of a data center should be determined based on system features and equipment
requirements. It is recommended that the data center be composed of functional areas such as the
computer room, auxiliary area, support area, and administrative area.

* When the area is determined, due to the main technology development, as well as positioning and
composition of the data center, the following factors affect the calculation of the number of cabinets:

v o

Data center construction level Different scenarios Different technologies Other factors

2 Huawe Confidentia 2 HUAWEI

(1) Data center construction level: According to different definitions of data center levels
in and outside China, data centers of different levels have strict requirements on
availability and annual shutdown time. Details are not described herein. However, data
centers of different levels have different requirements on power supply and distribution
and heating, ventilation and air conditioning (HVAC). As a result, the auxiliary
construction area varies greatly.

For example, Class A data centers require 2N power supply systems, and air conditioners
dedicated for the equipment room work in N+X redundancy mode. Class B data centers
require N+1 power supply systems, and air conditioners dedicated for the equipment
room work in N+1 redundancy mode.

(2) Impact of different scenarios on data center composition: Some data centers are
constructed using idle factories and warehouses. From the perspective of reasonable
space utilization, these data centers are different from new data centers. In addition, the
building structure and shape of the building may have some individual differences on the
effective usage of the data center area.

(3) Impact of different technologies on data center composition: From the perspective of
air conditioning, the selection of air-cooled and water-cooled technologies affects not
only the air supply mode and airflow organization design of the data center, but also the
space of the auxiliary area. For example, the water-cooled condensation tower is
generally deployed on the top of the data center building, while the air-cooled air
conditioners are distributed by floor.

(4) Other factors: The importance of services involved in some data centers or the wide
application of professions will increase the number of maintenance personnel. Whether
the space occupied by the maintenance personnel is included in the overall area and
whether the data center display area is included in the overall planning affect the
calculation process of the two factors.




Mapping Between the Data Center Area and the
Equipment Quantity

* Based on the preceding factors, assume that a new Class A data center covers an area of about 10,000
square meters and has about 100 maintenance personnel. In this scenario, the number of cabinets is

calculated as follows: %

9 -

100

Class A data center

25 Huawei Confidential g’é HUAWEI




Mapping Between the Data Center Area and the
Equipment Quantity

* Calculation rule

o A1=SxN, where A1 is the area of the computer room, S is the occupied area of a single cabinet (3 m?/PCS
based on the project positioning), and N is the number of all cabinets in the computer room.

e A2 is the total area of the auxiliary area and support area. It is 2.5 times the area of the computer room A1.

-

o A3 s the area of the administrative area, which is 5 mz/person. 5
= Al
A2

A=A1+A2+A3 - &

If A=10000 = A1 + A2 + A3 = A1 + 2.5A1 + 500, A1 = 2714, N = 905

The number of IT cabinets is about 815.

V2 HUAWEI
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« Based on the modular design of the data center, assume that every 20 cabinets
form one module, including 18 IT cabinets and two power supply and distribution
cabinets. The number of IT cabinets accounts for about 90% of the total number

of cabinets in the computer room.




Selection of the Optimal Power Density for Data
Centers from the Perspective of Equipment

* With the development of IT technologies, density planning (and overall capacity planning) is
undoubtedly a challenge for IT management personnel. The technology update period is usually two to
four years, and it is difficult to determine the required type and power consumption of IT equipment in
the future. Therefore, enterprises tend to overestimate future requirements and reserve safety margins.
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mNetwork

Typical power density of different types of cabinets Typical data center cabinet types Hot spot due to uneven deployment
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« With the development of IT technologies, density planning (and overall capacity
planning) is undoubtedly a challenge for IT management personnel. The
technology update period is usually two to four years, and it is difficult to
determine the required type and power consumption of IT equipment in the
future. Therefore, enterprises tend to overestimate future requirements and

reserve safety margins. It is important to understand the following IT equipment
attributes:

= The nameplate does not reflect the actual power consumption.
= The power consumption of IT equipment is not constant.
= The performance (computing) per watt is improving.

* The equipment cannot reach the rated power on the nameplate. Generally, the
power of IT equipment does not exceed 50% of the rated value on the
nameplate. The actual power depends on the equipment configuration.




Quantity and Power of Equipment in a Single Cabinet

5 kW: The power density of most single cabinets in a data center
is lower than 5 kW. However, with the popularity of

supercomputing and other services in recent years, high-density or
ultra-high-density cabinets are gradually available in the market.

«  According to the statistics in 2019, the average power
consumption of a single cabinet is 5 kW, 8 kW, and 10 kW, and
the service proportion is 50%, 30%, and 20%, respectively.

. Itis ded that the ge power ofa
single cabinet be about 7 kW.
U Space of a cabinet « 5 kW cabinets are also widely used in data centers.
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Comparison of Air Conditioner Configuration Principles for
Data Center Cooling System

* Comparison of Uptime, GB 50174, and TIA-942

q g [ - Equipment - :
Uptime GB 50174 | TIA-942 | Functional Requirements Configuration System Configuration
Tier | Class C | Basic requirement, no N The system meets basic requirements and has no
redundancy
redundancy.
N+1 redundancy provides an additional device,
N+X module, path, or system beyond the basic

Tier Il Class B ] Redundant component X=1toN) requirements. Failure or maintenance of any individual
device, module, or path will not affect normal
operation.
Two systems are deployed in active/standby mode.
2N redundancy provides each of the basic systems

% Two systems are with two completely same devices, modules, paths, or
Tier I 1 Mgy 2N or 2 (N+1
maintained concurrently. (1) systems. Entire failure or maintenance of a system,
Class A . ) ) .

including device, module, path, and system, will not
affect normal operation.

Tier IV v Fault tolerance 2N or 2 (N+1) Two systems run concurrently.
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Tier I: small- and medium-sized users whose services can be interrupted

Tier 1lI: ultra-high-speed, ultra-large-capacity engineering and supercomputing
centers

Tier Ill: data centers or equipment rooms that: mainly performs distributed data
processing and sharing operations for massive storage and high-speed
information query; and can tolerate occasional or transient service interruption
and maximize profits. Typical application industries include BAT, telecom, and
hosting enterprises.

Tier IV: data centers or equipment rooms that perform secure, precise, short-
delay, and continuous data processing and sharing. The tolerance of service
interruption is zero. Typical application industries include finance, civil aviation,
petrochemical, and military.




Air Conditioner Forms of In-Room, In-Row, and In-Cabinet Cooling
* The air conditioning system in a data center has two important functions: providing the total cooling
capacity and distributing cold air to IT loads.

* For in-room, in-row, and in-cabinet cooling air conditioners, how to distribute cold air to loads is the
key. The airflow organization is limited by the equipment room structure and layout. The actual airflow
is invisible during the implementation and varies greatly with the deployment location.

In-room cooling In-row cooling In-cabinet cooling

=i

Air conditioner forms of in-room, in-row, and in-cabinet cooling
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Comparison Among In-Room, In-Row, and In-Cabinet
Solutions in Flexibility

* Flexibility

Type In-Room In-Row In-Cabinet

‘When the power density is less

Advantages than 4 kW/rack, the cooling
Easy to share cooling capacity

mode can be quickly changed. ﬁ

Flexibility

The efficiency is low when the

airflow is not contained in the

Easy to regulate any power density;
Easy to plan for any power density Y g v &

separated from the existing cooling

Disadvantage The cold and hot aisle layout is The cooling capacity cannot be shared

s

R X required. with other cabinets.
entire environment.

Conclusion: In-cabinet cooling is the most flexible mode, can be deployed
in shortest time, and supports the highest power density. However, extra y
expenditure is required.
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Comparison Among In-Room, In-Row, and In-Cabinet
Solutions in System Availability

» System availability

Type In-Room In-Row In-Cabinet
Redundant devices can be shared . e
Cooling close to heat sources eliminates
Redundant devices can be among multiple cabinets in an -«
. ) ) hot spots and vertical temperature
Advantages | shared among all cabinets in a | area. Cooling close to heat sources .
System s g B gradient.
Y datacenter. eliminates thewertical fiian faiiEval
| aul olerance
availabilit temperature #dlcnt. .
y
Airflow containment is
Disadvantage . 9 . Redundancy must be deployed in Red y must be considered for
required to isolate cold air
s each cabinet area. each cabinet.
from hot air.

Conclusion: Both the in-row and in-room cooling has high system availability and good
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Comparison Among In-Room, In-Row, and In-Cabinet
Solutions in Life Cycle Cost

¢ |nitial investment cost

Type In-Room In-Row In-Cabinet
The cooling requirements can be
The floor can be configured, and the icated sy and dardized
met, and the planning and
Advantages airflow organization mode can be o components eliminate or reduce the
engineering workload is eliminated
Initial changed L planning and engineering workload.
or reduced.
investmen
t cost The air supply is too heavy. The Due to the change of power, the cooling
Disadvanta pressure in the underfloor downflow The initial costincreases as the system is over-planned, which wastes the
ges area depends on the equipment data center scale increases. cooling capacity and increases the initial
room size and floor depth. cost.

Conclusion: In in-room underfloor downflow cooling solutions, the cooling distribution mode
can be quickly changed by reconfiguring the perforated floor. In a low-density data center, all
cabinets share cooling redundancy. This mode is cost-effective and simple.
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Comparison Among In-Room, In-Row, and In-Cabinet

Solutions in Maintainability

* Maintainability

Type In-Room In-Row In-Cabinet
The cooling equipment is Modular components shorten the
Standardized components reduce the need
located around or outdoors to shutdown time. Standardized
Advantages for technical personnel. Internal personnel
keep technical personnel away components reduce the need for
from IT equi t technical 1 can compl Y ¢
rom IT equipment. echn pelrmne.
Maintaina #
o The cooling equi is located in
bility the cabinet row. Therefore,
The system is large and needs to
. L ) technical personnel need to be 2N redundancy is required for concurrent
Disadvantages be maintained by trained
close to IT equipment to maintain maintenance.
technical personnel or experts.
the cooling equipment, which
inrreases ricke

Conclusion: The in-cabinet and in-row cooling have higher maintainability. Modular
components greatly reduce the maintenance difficulty.
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Summary

* Conclusion: The in-room and in-row airflow containment design provides excellent flexibility,
predictability, and scalability, reduces energy consumption and TCO, and improves
availability, meeting the requirements of data centers. In-cabinet cooling applies to high-
density and high-precision deployment or unstructured layout. In-room cooling without
airflow containment will still be an effective solution for low-density data centers.

In-room air conditioner + aisle In-row air conditioner + aisle
containment solution containment solution
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Data Center Air Conditioner Layout

* Three common data center layouts: in-room air conditioner + open aisle, in-room air conditioner + aisle containment, and in-row air
conditioner + aisle containment

In-room air conditioner + In-room air conditioner + In-row air conditioner + i

open aisle aisle containment = aisle containment H

| Equipment G T TR |

room layout i

for the |

water-cooled @ f

solution

Equipment 8 ] 3] nog 8 8 EHOEDD 0 !

room layout | (] AOG g g |

2 W 313 |

for the air- 1 @ . e ! i e ! :

cooled " : = ! - :

solution = i

oom air conditione 0 In-row air conditioner + 1

L, crcnaisle NEENNRE  aisle containment SRS aisle containment _ _:
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» Describe three common data center layout solutions (in-room air conditioner +
open aisle, in-room air conditioner + aisle containment, and in-row air
conditioner + aisle containment), and compare them in terms of equipment room
utilization, supported power density, energy saving, and safety.




Water-Cooled Solution: In-Room Air Conditioner + Open Aisle

*  Equipment room area: 188 m’

* Number of racks: 56 ey

b 1'?' T
* Power density: 4 kW/rack T g
& 1
* Estimated cooling load of the equipment room: Number of racks x Power density - g |B13(3|3|5(3(3(3|3(5(3 (333 2
x Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open aisle: o g
13 to 1.5; aisle containment: 1.1 to 1.2) = 56 x 4 x 0.8 x 1.4 = 250 kw 8 CIHERE N HHABRREE
o B
* Air conditioner configuration: four 100 kW air conditioners (three active and one gl — D e e SR ST
2 i HEEHEEEEE
standby) & ]
+ Typical PUE: 2.0-35 " C1EEEEEEEEERHEREE
1 " 00 ’
* Summary: It is a traditional solution, adopting air supply mode using air caps, % g
and in-room air conditioner + open aisle. The cooling effect is poor due to mixing * 51 T3t N
of cold and hot air. Long-distance air supply is prone to hot spots. Generally, the
density of single cabinet does not exceed 4 kW/rack. It has high PUE and energy In-room air conditioner + open aisle PUE:

consumption. The equipment room utilization rate and safety is average. One 2.0-35
standby air conditioner is available.
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Water-Cooled Solution: In-Room Air Conditioner + Aisle
Containment

*  Equipment room area: 188 m2

e
o T
*  Number of racks: 56 P A
E
*  Power density: 4 kW/rack p— p
2 g
*  Estimated cooling load of the equipment room: Number of racks x Power density x <] g

Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open aisle: 1.3 to 1.5;

S A

aisle containment: 1.1 to 1.2) =56 x 4 x 0.8 x 1.15 = 206 kW j{ z

*  Air conditioner configuration: three 100 kW air conditioners (two active and one standby) E _> E 5'3 H §|§|§Ig|§|§ 3 B §}§ gl 2

*  Typical PUE: 1.75-1.9 [l B

. Summary: It is an optimized traditional solution, adopting underfloor downflow, and in- é ’g glglgblgl.ﬂg@g[g]ﬂg‘glgl-._ -
room air conditioner + aisle containment. The cooling effect is good because the cold and g
hot air is separated. Long-distance air supply is prone to hot spots. Generally, the density i | 5
of single cabinet does not exceed 5 kW/rack. Moderate PUE and energy consumption. The
equipment room utilization rate and safety is average. One standby air conditioner is
avalable. In-room air conditioner + aisle containment

PUE: 1.75-1.9
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« The estimated cooling load of the equipment room is 206 kW. During
configuration, a 200 kW load is configured. The error of this part has been
considered in the comprehensive coefficient of 1.15.




Water-Cooled Solution: In-Row Air Conditioner + Aisle
Containment

150y 180
Equipment room area: 188 m? - Li
¢ Number of racks: 60 g
200 1000 =[3[sHz[z[3[5Hz 3155 Hs 2502
Power density: 4 kW/rack ﬂ § 3]‘4&[1 3 é 3 2|2|3|3Ha 8|3 b |
3 &
Estimated cooling load of the equipment room: Number of racks x Power density x P
Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open aisle: 1.3 to 3
1.5; aisle containment: 1.1 to 1.2) = 60 x 4 x 0.8 x 1.15 = 220 kW. The estimated § g
cooling load of each module is 110 kW. | 3]2[3[5ﬁ2{§[3[3§!1§[3[§Hﬂslé}
*  Air conditioner configuration: six 30 kW air conditioners in each module (four active 5 &
and two standby) § [2[2[2[zHz[2a]zHz]23]xHz[aa]2
L Ty 4200
*  Typical PUE: 1.45-1.65 E
Summary: It is a modular solution. The cooling effect is good because the cold and hot ¥ N (PN Tog

air is separated. Short-distance precise air supply eliminates hot spots. High-density
deployment is adopted. Generally, the density of single cabinet does not exceed 13
kW/rack. Low PUE and energy consumption. The equipment room utilization rate is In-row air conditioner + aisle containment PUE:

1.45-1.65

high, and more cabinets can be deployed compared with the traditional solution.
Higher safety. Two standby air conditioners are available.
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« The number of racks varies according to the installation distance of the air
conditioners and the air supply distance. The in-room solution and in-row
solution have their own requirements on the number of racks.




Air-Cooled Solution: In-Room Air Conditioner + Open Aisle

*  Equipment room area: 188 m’

* Number of racks: 64 . t 1
*  Power density: 4 kW/rack ;:,5; - . — s
O
* Estimated cooling load of the equipment room: Number of racks x Power — g
density x Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open f §
aisle: 1.3 to 1.5; aisle containment: 1.1 to 1.2) =64 x 4 x 0.8 x 1.4 = 286 kW q g
*  Air conditioner configuration: four 100 kW air conditioners (three active and one 2 g M
- -
standbr — 3
” | R
* Typical PUE: 25-3.5 2 o
. . I . ) . . . . . L T
Summary: It is a traditional solution, adopting air supply mode using air caps, TN N

and in-room air conditioner + open aisle. The cooling effect is poor due to
mixing of cold and hot air. Long-distance air supply is prone to hot spots.

Generally, the density of single cabinet does not exceed 4 kW/rack. It has high In-room air conditioner + open aisle PUE:
2.5-35

PUE and energy consumption. The equipment room utilization rate is average.

Moderate safety. One standby air conditioner is available.
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« Due to different installation distance requirements, the air-cooled solution has
multiple cabinets compared with the water-cooled solution.




Air-Cooled Solution: In-Room Air Conditioner + Aisle Containment

*  Equipment room area: 188 m’

* Number of racks: 64

*  Power density: 4 kW/rack - 7 !
2 o
* Estimated cooling load of the equipment room: Number of racks x Power density \L B
x Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open aisle: - [
&
1.3 to 1.5; aisle containment: 1.1 to 1.2) = 64 x 4 x 0.8 x 1.15 = 236 kW & 7
| L
* Air conditioner configuration: four 100 kW air conditioners (three active and one | g 8 HRRRE glgmg AAARAAEE
standby) el
g 8|8 8|8 (8 L LR
. Typical PUE: 19-20 2 HHHERHEHEEEHEEEE
o 2
L |
. It - . . . . ¢ 1
Summary: It is an optimized traditional solution, adopting underfloor downflow, N N

and in-room air conditioner + aisle containment. The cooling effect is good
because the cold and hot air is separated. Long-distance air supply is prone to hot
spots. Generally, the density of single cabinet does not exceed 5 kW/rack.

In-room air conditioner + aisle containment

Moderate PUE and energy consumption. The equipment room utilization rate is PUE: 1.9-2.0

average. Moderate safety. One standby air conditioner is available.
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Air-Cooled Solution: In-Row Air Conditioner + Aisle Containment

*  Equipment room area: 188 m*

¢ Number of racks: 68

o

*  Power density: 4 kW/rack 'gﬂ
1080 12600 32000
*  Estimated cooling load of the equipment room: Number of racks x Power density x g 3[3]2lglg]s[ﬂglilzlglxlzlgMglgmalilg;
Simultaneous coefficient (0.6 to 0.8) x Comprehensive coefficient (open aisle: 1.3 to d 1
1.5; aisle containment: 1.1 to 1.2) = 68 x 4 x 0.8 x 1.15 = 250 kW. The estimated 3
cooling load of each module is 125 kW. g
&
*  Air conditioner configuration: six 35 kW air conditioners in each module (four active E 3 —
a9 sy 8 |a]alea[s]<]zla[a[s]<els[s]al<]s[s
8
*  Typical PUE: 1.5-1.7 3
. . R 8 [9]alea[a[<]zla[s[s]<lzla[s]s]<]s[s[s]s]e
* Summary: It is a modular solution. The cooling effect is good because the cold and
hot air is separated. Short-distance precise air supply eliminates hot spots. High- g
density deployment is supported. Generally, the density of single cabinet does not A
[ 2N} LAJ

exceed 13 kW/rack. Low PUE and energy consumption. The equipment room
utilization rate is high, and more cabinets can be deployed compared with the = T 5 =

- . X . . ) In-row air conditioner + aisle containment PUE:
traditional solution. Higher safety. Two standby air conditioners are available. 15-1.7
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Comparison Between Three Solutions

Solution 1: Solution 2: . Solution 3: hE
ftem In-Room + Open Aisle In-Room + Aisle Containment In-Row + Aisle Containment Condusion
Equipment room area 188 m? 188 m? 188 m? =

EE::E’:S:; ';?;" 56 racks 56 racks 60 racks Solution 3 has higher equipment room utilization rate.
c
S
;; Maxl:!:"r;t;ower 4 kW/rack 5 kwi/rack 13 kw/rack Solution 3 supports higher power density.
-
i
E PUE 2.0-35 1.75-1.9 1.45-1.65 Solution 3 has lowest PUE and is most energy-saving.
é Three active air Two active air conditioners Four active air conditionersand
é“ safe conditioners and one and one standby air two standby air conditioners in Solution 3 has more standby air conditioners and

v standby air conditioner in conditioner in the equipment [h); module features higher safety.
the equipment room room

Fqulpment room 64 racks 64 racks 68 racks Solution 3 has higher equipment room utilization rate.
c
5
El Msxldm:n?[[;’ower 4 kW/rack 5 kW/rack 13 kW/rack Solution 3 supports higher power density.
)
g PUE 25-35 1.9-2.0 1.5-17 Solution 3 has lowest PUE and is most energy-saving.
g
b Three active air Three active air conditioners  |! ; -
< Safety conditioners and one and one standby air | Ftsv:r;:2;3‘;;2_:?1';"‘:;i:;?: Solution 3 has more standby air conditioners and

standby air conditioner in conditioner in the equipment Y features higher safety.
the equipmentroom room

Conclusion: The in-row air conditioner + aisle containment selution is the optimal among the three solutions in terms of equipment room utilization rate,

maximum power density of a single cabinet, PUE, and safety. The in-room + aisle containment solution is the second choice. The least recommended

solution is the in-room air conditioner + open aisle solution.
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Advantages of the In-Row Cooling Mode

* When designing a new data center, consider in-row cooling as the main cooling mode.
Compared with the hybrid cooling architecture solution, the in-row cooling solution alone

has more advantages.

o The raised floor is not required.

o The cabinet rows do not conflict with the cooling devices deployed around the room.
o The redundancy is simplified.

o Energy consumption costs are reduced.

o Maintenance expenses are reduced.

@ Incompatibility between equipment from different vendors is reduced.
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The raised floor is not required: Generally, the cooling devices around the room need to
rely on the raised floor space for the air distribution of IT equipment. However, if in-row
cooling devices are used to provide cooling for the entire room, the costs for installing
and maintaining the raised floor can be avoided.

The in-row cooling devices do not conflict with those deployed around the room: When
two cooling architectures are deployed in the same room, they may conflict with each
other in terms of heating, cooling, humidification, and dehumidification. This will lead to
lower operational efficiency and higher electricity bills. However, if only in-row cooling
devices are used, and equipment can coordinate with each other, thereby avoiding such a
conflict.

The initial investment is reduced: The combination of in-row cooling and cooling
deployed around the room is too conservative, resulting in a huge waste of money. Using
only in-row cooling devices to cool loads in the data center can reduce the cost by 50%.

The redundancy is simplified: If a data center needs to use the N+1, N+2, or 2N
redundancy design, the cooling devices around the room do not require redundancy,
saving more costs.

Energy consumption costs are reduced: Excessive additions to cooling devices often lead
to higher energy consumption costs, which are more pronounced if the excess cooling
devices are powered by constant-speed fans (commonly used in ceiling-mounted cooling
devices around rooms).

Maintenance expenses are reduced: Using only in-row cooling devices eliminates the
need of maintaining cooling devices around the room and reduces the OPEX of a data
center.

Incompatibility between equipment from different vendors is reduced: When the hybrid
design is used, the systems used are usually from different vendors. The more devices




from different vendors are used, the more complex the data center O&M becomes.
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In-Row Cooling Solution

*  Key planning points for in-row air supply (commonly used in data centers): Determine the air conditioner type, whether cold aisle containment is used, and
the unit positioning.

*  Air conditioner type
= DX in-row air conditioner (Consider the piping and drainage modes. If necessary, consider the raised floor mode.)

= Chilled water (CW) in-row air conditioner (Consider chilled water piping mode)

Top piping Bottom piping

1. No raised floor is required, and the layout is simple. 1. The raised floor is required.
2. Water pipes are routed from the top, which threatens equipment safety in case of 2. Water leakage does not threaten equipment safety.
water leakage.

*  Precautions for unit positioning

POF ups  Cabinet | Y Cobinet  Cabinet ropey C3DORt  Cabinet
» Ensure that there is no gap between cabinets. > Avoid mixing of cold and hot air. s o
Cold aisle containment
" s e
» Place the air conditioner in > Keep equipment load balance
a proper position. Bty B ntoner| CODIRU Cobinet N Gobinet  Cobinet  Cabinet
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In-row air conditioners can be used if the power density is greater than 5
kW/rack.




Characteristics of In-Row Air Supply

* Characteristics of in-row air supply

49

a

Close-coupled cooling and cold aisle form a cold-
pool plenum to ensure even air supply.

Better cooling distribution to ensure more even
cooling and airflow

Higher cost, lower PUE, and easy to deploy in phases

Low requirements on the floor height. The raised
floor is not mandatory.

Applicable to medium- and high-density data centers
with a power density greater than or equal to 5
kW/cabinet

Huawei Confidential

In-row horizontal air supply (side view)
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Air
net  hditioer

Air
conditiof

Cabginet

In-row horizontal air supply (top view)

= 1.1
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In-Room Cooling Solution

* Key planning points for in-room air supply: Determine the type and air supply mode of in-
room air conditioners, whether to use cold aisle containment, air return mode, and unit

positioning.
* Air conditioner type
o DX in-row air conditioner
@ CW in-row air conditioner
¢ Air supply mode
o Upflow: Consider air cap and air duct configurations.

o Downflow: Estimate and determine the height of the raised floor, whether aisle containment is

used, and the air return mode.
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In-Room Cooling Solution - Upflow

* Key planning points of upflow: Air cap vs. Air duct (rarely used in new data centers)

Upflow using air caps Upflow (air supply using air caps)

Advantages: simple construction, low cost, and short air supply distance. Generally, -
the air supply distance of the air conditioners is less than or equal to 25 m. %
Disad poor uniformity of the P field A o
The noise is loud. -

Applicable to: small- and medium-sized data centers where the air supply distance
of a single air conditioner is less than 25 m

Upflow using air ducts Upfiow (air supply using air ducts)

Advantages: long air supply distance and even air supply
Disadvantages: high construction cost and compl gi ing. Enough floor

height of a data center is required (the air duct is 500 mm thick).
Applicable to medium- and large-sized data centers that have high requirements

A duct

for air conditioners or use air caps to supply air unconditionally. Select a proper
external residual pressure based on the distance between air ducts.
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In-Room Cooling Solution - Downflow

of the raised floor, whether aisle containment is used, and the air return mode.

* Aisle containment

Key planning points for underfloor downflow (commonly used in data centers): Estimate and determine the height

o Generally, it is recommended that the cold and hot aisles be used if the power density of a data center is 1-4 kW/rack to meet

equipment requirements.

o If the power density is greater than 4 kW/rack, cold or hot aisle containment is recommended. Currently, cold aisle containment

is more widely used than hot aisle containment.

* Return air type

Return Air Type

Characteristic

Free air return

If the return air efficiency of the data center is low, the overall temperature of the data center will be high. Therefore,
when power cables are routed from the top, the air return vent of the air conditioners must be located under the power

cables to prevent the power cables from blocking the hot air return.

Air return from the

ceiling

The return air vent is set on the suspended ceiling of the hot aisle. In this way, the hot air is guided, and the cold and hot

air cannot be mixed easily. As a return air plenum, the suspended ceiling ensures a stable and efficient return air process.
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Comparison Between Upflow and Downflow Applications

*  Which of the two air supply modes is more reasonable? The analysis is as follows.

* Assume that there are 17 cabinets in each row of the cold aisle and hot aisle in a data center. The
cooling load of each cabinet is 3.8 kW. The total cooling load of the two rows of cabinets on both sides
of the cold aisle is: 17 x 2 x 3.8 = 129.2 kW.

N

Air supply diagram 1 Air supply diagram 2
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Upflow

* Upflow solution overview

* Calculation of the air duct size and wind speed:
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o For upflow, the width of the air ducts is equal to the width of the cold aisle, which is generally 1.2 m. The height of the air ducts 1
|
|

1

: is 0.75 m. Therefore, the cross-sectional area of the air ducts is: 1.2 x 0.75 = 0.9 m?.

l'a In a precision air conditioning system, the air volume required for every 1 kW cooling capacity is about 270 m*/h. Therefore, the :
1

| maximum air volume in a single air duct above the cold aisle is: 129.2 x 270 = 34,884 m?/h, and the wind speed is: 34,884/(0.9 x |
1 3600) = 10.8 m/s. When the wind speed is higher than 5 m/s, high noise is generated in the air ducts. Therefore, the noise 1
1

generated by the wind speed of 10.8 m/s will severely affect the internal working environment of a data center.

@ When the wind speed in the air ducts is high, the cross-sectional area of the air ducts must be changed to ensure that the wind
speeds at the local and remote air vents of the air ducts are consistent. To implement the variable cross-sectional area design of
the air ducts, the power of each cabinet of the two rows must be obtained. However, the power of each cabinet cannot be
accurately obtained during the design of a data center, and the power of each cabinet cannot be ensured to remain unchanged

for decades.

Conclusion: According to the impact on the environment, the upflow solution is not suitable when the wind

speed is higher than 5 m/s.
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« When the upflow mode is used, cabinets are installed in rows on the hard floor.
Air supply ducts are deployed above the cold aisles, and cable trays are deployed
above the cabinets.




Downflow

* Downflow solution overview

* Calculation of the air duct size and wind speed:

® When the downflow mode is used, the space under the raised floor can house a large plenum. Cold air enters
the plenum from the air conditioners, and then is sent to the cold aisle in the front of the cabinet through the

air supply vent on the floor. The size of the plenum can be selected as required.

@ The width of the two rows of cabinets is 3.6 m. If the net height of the floor is 0.75 m, the maximum wind
speed under the floor is: 34,884/(3.6 x 0.75 x 3600) = 3.58 m/s when the downflow mode is used. Therefore,

compared with the upflow mode, the wind speed is significantly reduced.

= In the downflow mode, the air vent floor with adjustable ventilation rate is used. The ventilation area and wind
speed of the front air vent floor of each cabinet are adjusted to provide proper air volume based on the cabinet
requirements.

Conclusion: The downflow mode has low wind speed and is easy to achieve on-demand air

supply.
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If the indoor net height of the building where the data center is located meets
the requirements, adopt the air return mode using space above the suspended
ceiling. In this way, the ineffective mixing of cold air and hot air is reduced as

much as possible, and the efficiency of the air conditioning system is improved.




Conclusion

* Assume that there are 17 cabinets in each row of the cold aisle and hot aisle in a data center. The cooling load of
each cabinet is 3.8 kW. The total cooling load of the two rows of cabinets on both sides of the cold aisle is: 17 x 2 x
3.8 =129.2 kW.

" . " Air Supply . .
Item Air Duct Size | Wind Speed Elennas Noise Level | Aesthetics
Upflow Large High Poor High Poor
Downflow Standard Low Adjustable Low Good
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Underfloor Downflow vs. In-Row Air Supply

the comparison between the two modes.

There are two modes of airflow organization in data centers: underfloor downflow and in-row air supply. The following table lists

Item Downward Air Supply and Upward Air Return (Data Center)

In-Row Air Supply (Data Center)

Hot spot probability Changes in the cabinet power density may cause hot spots.

Changes in the cabinet power density can be adjusted by means of cooling
capacity sharing to reduce the possibility of hot spots.

If the aisle is not sealed, cold and hot airflows may be mixed,
Airflow mixing

reducing the cooling effect.

Close to the heat source, short air supply distance, and good cold and hot
partition prevent the possibility of airflow mixing.

The pressure of underfloor downflow depends on the equipment

Cooling capacity ) . ) X i
room dimensions and floor depth. During design and selection, ultra-

allocation
large models are used to ensure reliability.

The cooling requirement and cooling capacity can be accurately matched

without over-planning.

Application scenarios Applicable to the scenario where the cabinet power density is low

Applies to scenarios where the power density is greater than 5 kW/rack,
especially greater than 8 kW/rack.

the most commonly used air supply modes.

scenarios with high power density.
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In the process of selecting the indoor airflow organization for a data center, in-row air supply as well as downward air supply and upward air return are

Generally, the underfloor downflow mode is used in scenarios with low power density (lower than 8 kW/rack), and the in-row air supply mode is used in
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Recommended Air Supply Solution

The underfloor downflow mode is not flexible, and the cooling effect is poor when the power density is high.

Therefore, this mode applies to low-density scenarios. The in-row air supply mode applies to modular layouts and
high-density scenarios.

Before selecting an air supply solution, determine the air supply mode first: underfloor downflow or in-row air
supply. Then select an appropriate air supply solution based on the cabinet power density. For details about how to
select a proper air supply solution, see the following table.

Scale Power Density (kW/Rack) Air Supply Solution

Small-sized data center 1<P<5 Underfloor downflow + Cold and hot aisle (unsealed)

Underfloor downflow + Cold aisle containment
Medium-sized data center 5<P<8

Underfloor downflow + Cold aisle containment

Large-sized data center 5<P<15 In-row air supply + Cold/Hot aisle containment
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Return Air Solution in Free Air Supply Mode

* In-room cooling

59

Free air return

Small-sized network equipment room (power
consumption less than 40 kW):
¥ Not recommended for most data centers
¥ Low cost
The energy efficiency is the lowest in all
airflow distribution architectures because all

cold airflows will be mixed with hot return air.

The supply air temperature is difficult to
predict.
Racks with a maximum cooling power

consumption of 4 kW can be cooled

Huawei Confidential

Precise air return

General-purpose equipment room (power
‘consumption less than 40 kW):
Nat recommended for most data centers
Low cost and easy installation
It is more energy efficient than free air return,
because 40-70% of the IT hot return air will be
captured and transferred back to the cooling
equipment. The air supply temperature is more
predictable than free air supply due to less
mixing of hot air and cold air.
Racks with a maximum cooling power

consumption of 8 kW can be cooled.

‘¢
L8

Air return with airflow containment

Large-sized or hosting data center:

The energy efficiency is the highestin all
airflow distribution architectures because the
architecture allows high supply air temperature
of cooling equipment, whi
duration of free cooling.
70-100% of the IT exhaust hot air will be
captured and transferred back to the cooling

increases the

The air supply is the
most predictable because hot air is not mixed
with cold air.
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Return Air Solution in Precise Air Supply Mode

* In-room cooling

60

Free air return

Data center with constant power density:

Not recommended for new data centers because
the predictable power density cannot be met.

It is more energy efficient than free air supply
because more hot air is transferred back to the
cooling equipment.

Racks with a maximum cooling power
consumption of 6 kW can be cooled.

Huawei Confidential

Precise air return

Small and medium-sized data center:
It is more energy efficient than free air return,
because 60-80% of the IT hot return air will be
captured and transferred back to the cooling
The air supply is more
predictable than free air supply due to less
mixing of hot air and cold air.

Racks with a maximum cooling power
consumption of 8 kW can be cooled.

.
-

Air return with airflow containment

High-temperature rack:

It has higher energy efficiency than precision air
supply and return because 70-100% of the IT
hot return air will be captured and transferred
back to the cooling equipment. The air supply
temperature is the most predictable because hot
air is not mixed with cold air.

Higher supply air temperature for cooling
eequipment s supported, thereby increasing the
duration of free cooling.

Racks with a maximum cooling power
‘consumption of 30 kW can be cooled.
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Raised Floor Height

* Impact of raised floor height

@ In the underfloor downflow mode of a data center, the height of the raised floor affects the height of the equipment room floor
and further affects the initial investment in civil work.

@ The distribution of the underfloor downflow speed and pressure is also affected, which affects the cooling effect of the server.

= 1000 I
£
E 900 |
= 800 I ST - TTTTTTTTTTTTTTTTT ~
‘S /
I 700 —" { The height of the raised floor ranges from 400 mm to ':
i
i
00 H 1000 mm, and the air volume decreases gradually. i
6004 I i
H This indicates that the difference between the air E
500 | H
7 H volume of the floor grilles in the equipment room i
| i i
100 |‘ decreases with the rise of the raised floor. ’:
r T T 4 v T 1
0.0 0.1 0.2 0.3 0.4 05 06 0.7 * - - - -
Air volume (m3/s)
Distribution of air volume of the floor grilles in
different heights of raised floors
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« In a proper scale, try to select a higher floor.

+ In the preceding figure, the height of the raised floor is the only variable. Seven
groups of raised floor heights (400 mm, 500 mm, 600 mm, 700 mm, 800 mm,
900 mm and 1000 mm) are selected for comparison and analysis. Five typical
cross-sectional areas and the temperature of the entire equipment room are
selected for comparison and analysis.




Air Supply Grille Porosity

* Impact of underfloor downflow grille porosity

o The objective of data center cooling is to ensure that the server inlet temperature does not exceed the
maximum allowable inlet temperature. The main cause of the high inlet temperature of the cabinet server is
that the cooling airflow through the floor grilles is insufficient. As a result, the server sucks in the hot air from

the hot aisle and forms hot spots.

2 =
g
& o0v| I - N
& S —— il As the porosity of the floor grilles i
H 1
o —_— E decreases, the unevenness of the air i
H 1
3t [ i volume of the floor grille in the i
H 1
— | equipment room decreases. j
0.0 0.1 (l.'.‘ fl"i 0.4 ﬂ,r'\ (I’-i
Air volume (m?3/s)
Distribution of air volume in floor grilles
62 Huawei Confidential g@ HUAWEI

The preceding figure shows the distribution of the air volume in floor grilles. The
longer the red bar, the worse the evenness of air exhaust.




Underfloor Downflow - Cold/Hot Aisle Containment

* Cold aisle containment indicates that the two ends and top of the cold aisle are sealed. The cold air
passes through the cabinet server and then returns to the air conditioners through the air return vent
for cooling. Hot aisle containment refers to installing pipes on the hot aisle to lead the hot air
discharged by the cabinet server to the suspended ceiling and then to the air conditioners for cooling.

Cold aisle
containment

Hot aisle
containment

Underfloor downflow - cold and hot aisle containment

63 Huawei Confidential s@ HUAWEI

« When the hot aisle is sealed, cold air can be transferred from any position in the
equipment room to the cabinet server. Therefore, there is no requirement on the
raised floor. For the airflow distribution mode of raised floor air supply, the cold
aisle containment is more economical, efficient, simple, and easy to implement.
The cold/hot aisle containment can prevent mixing of cold and hot air, reduce
the intake air temperature of cold air, and reduce partial overheating. As the
mixing of cold air and hot air is reduced, the temperature difference between the
supply air and return air is increased, and the cooling efficiency of the air
conditioning system is improved. For data centers with a power density of 4-8
kW/rack, aisle containments must be considered.
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Summary

» Selection of the air conditioner type of the data center air conditioner
* Equipment room layout and selection of air conditioners

» Air supply mode and selection of data center air conditioners

* Data center load type

* Cooling load calculation of data centers

* Cooling load estimation method
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Answer the following questions:
1. How are the air conditioners configured in redundancy mode in a data center?

2. Why does the cooling load calculation of data centers include the redundancy
coefficient?

65  Huawei Confidential S’Q HUAWEI

* 1. The N+1 or N+X mode varies depending on customer requirements and data
center levels.

+ 2. The cooling loss and other impacts are considered.




Thank you.
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Data Center Chilled Water Air Condltlonlng
System Configuration
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Foreword

* This course introduces components, configuration principles and methods,

and energy saving configuration methods of the chilled water air

conditioning system in a data center.

Huawei Confidential
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Objectives

On completion of this course, you will be able to:

o Get familiar with the configuration methods of chilled water air conditioners in

a data center.

o Understand the air conditioner water system types and their application

scenarios.
@ Calculate the air conditioner configuration based on actual projects.

o Study the feasibility of the chilled water air conditioning system.

Huawei Confidential
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Contents

1. Chilled Water Air Conditioner Planning Overview
2. Chilled Water System Configuration

3. Cooling Water System Configuration

Huawei Confidential
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Chilled Water Air Conditioning System Components

¢ Chilled water system: consists of chillers, transmission pipes, chilled water pumps, indoor units, valves, and other accessories.
* Cooling water system: consists of cooling towers, transmission pipes, cooling water pumps, valves, and other accessories.

* Condensate water system: consists of transmission pipes, drainage pumps, etc.

UL ﬂ_

Data center airflow organization

i y 1
l Chilled water system '
I Cooling water system '
" |
Refrigerant system ' '
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Cold (hot) water system: provides cold (hot) water for air handling units.

Cooling water system: provides cooling water for the condenser of a water-
cooled chiller.

Condensate water system: discharges air condensate water.




Configuration Design Process for the Chilled Water Air
Conditioning System

Input requirement ) Draw construction
parameters SRk RO G drawings
Determine air Select chilled water Complete the design
conditioning system type equipment task
Select cooling water

Calculate cooling load it
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Contents

1. Chilled Water Air Conditioner Design Overview

2. Chilled Water System Configuration
= Air Conditioner Chilled Water System Classification
> Chiller Calculation and Selection
= Chilled Water Pump Calculation and Selection

Data Center Air Conditioner Water System Configuration

3. Cooling Water System Configuration
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Chilled Water System Classification

The chilled water system is a bridge between the cooling source and the indoor units. It is better to
consume less energy in transmission. Therefore, the proper design and configuration of the chilled
water system ensure the safe and economical operation of the air conditioning system in a data center.

The chilled water system needs to be determined based on the project scale, data center function
requirements, climatic conditions, cooling sources, pumps, and indoor units. After technical and
economic comparison, the chilled water system can be designed as an air conditioning system with
different pipe types and adjustment modes.

In the air conditioning engineering, air conditioning systems can be classified from different
perspectives. There are five classification bases: circulation mode, water supply and return mode, pipe
distribution mode, operation adjustment mode, and circulating pump configuration mode. In the actual
design of the air conditioning system, these different bases need to be considered to select the air
conditioning system suitable for the actual project.

Huawei Confidential g@ HUAWEI




Chilled Water System Classification - Open and Closed

Systems
« Open and closed systems A °°nd‘ti[—|°”er indoor unit door $Expamsion
a QOpen system —:I-——] —(:I———' water tank
* The pump has a high lift and energy _‘:l____{l _‘:}___:
consumption. # — ———
= Circulating water is easily polluted. _:'-__-1 t
—
= The water return tank has the cold —{ F——q -|
storage capacity. _:'-__Jl . _]
o Closed system | JI - l:
= The pump has a low lift and energy ;F_LI =+ - b
consumption. Circutating\' Water Chillér Circulating
= Circulating water is not easily polluted. water pump  return tank water pump

Open system

Closed system
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« Open system: There is a water tank or pool between pipes to ventilate. When
water flows back, the pipes ventilate.

= Advantages: The chilled water tank has the cold storage capability, which
can reduce the turn-on time of a chiller and increase the energy adjustment
capability. The chilled water temperature fluctuates slightly.

= Disadvantages: When chilled water contacts with the air, high oxygen
content in circulating water is easy to corrode pipes. In addition to
overcoming the pipe resistance, the head of the water pump should be able
to lift water to a certain height. Therefore, the lift and energy consumption
of the water pump are relatively high. If self-flowing return water is used,
the diameter of the return water pipe is large, which will increase the
investment.

= Application scenarios: The air conditioning system sprays water to cool the
air. The temperature fluctuation of chilled water is small or the energy
adjustment of a chiller cannot adapt to the change of the air conditioning
system. The open tank is used to store chilled water to reduce the peak
load. The cooling water system with a spray cooling tower is used.

+ Closed system: Water in pipes does not contact with the air. An expansion water
tank is installed only at the highest point of the system.

= Advantages: Pipes do not contact with the air, and pipes and equipment are
not easily corroded. The lift required by a pump is determined only by the
pipe resistance and does not need to overcome the hydrostatic pressure.
The lift and power of the pump are low. The system is simple.

= Disadvantages: Its cold storage capacity is weak. When the load is low, the
chiller needs to be started frequently. Sometimes, a pressurized water pump
is required to refill water to the expansion water tank.

= Application scenarios: The air conditioning system uses fan coil units,
inducers, and water-cooled surface coolers. An air-conditioning cold water




system for high-rise buildings is used. A hot water system is used.



Chilled Water System Classification - Two-Pipe, Three-Pipe,
and Four-Pipe Systems

* Two-pipe, three-pipe, and four-pipe systems
= Two-pipe system: only has a water supply pipe and a water return pipe.
e Three-pipe system: has a cold water supply pipe, a hot water supply pipe, and a water return pipe.

e Four-pipe system: has cold and hot water supply and return pipes.

FCU

2
i

Cold water Hot water
T

9
FCU ®

i

FCU

9
&

Cold water L

Cold
water
Hot

Hot water Cold water Hot water

Hot water 41} vRemm
Cold
water

Supply Return Supply Return

One supply and one return,
winter-summer switching

Two-pipe system

Cold and hot water supply,
one return
Three-pipe system

Mono fan coil unit (FCU)

Cold and hot water supply,
cold and hot water return
Four-pipe system

Cold and hot water FCUs

Cold and hot water supply,
cold and hot water return
Four-pipe system
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* Two-pipe system

= The system has only a water supply pipe and a water return pipe. It
circulates cold water in summer and hot water in winter, and uses valves to
switch between them.

= The two-pipe system is simple and easy to construct. The initial investment
is low, but it cannot be used in places that require both cold and hot water

supply.

= According to GB 50736-2012, when all areas in a building require
simultaneous cold and hot water supply switching only by season, the two-
pipe system should be used.

« Three-pipe system

= The system has a cold water supply pipe, a hot water supply pipe, and a
water return pipe. The cold water and hot water share one water return

pipe.

= The system can supply cold and hot water simultaneously. Compared with
the four-pipe system, it is simpler. However, the system is more complex
than the two-pipe system and requires higher investment. In addition, the
three-pipe system has the loss of mixing the cold and hot water return.




* Four-pipe system

= In the system, separate water supply pipes and water return pipes are set
for cold water and hot water to form two sets of independent water supply
and return pipes for cooling and heating respectively.

o The system can supply cold and hot water simultaneously, which meets the
requirements of high-quality air conditioning environment. However, the
system is complex, requiring high initial investment and more building
space.

o According to GB 50736-2012, when the cold and hot water supply needs to
be frequently switched or used simultaneously, the four-pipe system is
recommended.

« Zone-based two-pipe system

o Based on the load characteristics of air conditioning areas in buildings, air
conditioning water pipes are classified into the two-pipe cold water system
and two-pipe cold-hot water system. For areas that require cooling
throughout the year, the two-pipe cold water system is used. For other
areas, the two-pipe cold-hot water system is used.



Chilled Water System Classification - Reversed and Direct
Return Systems (1)

* Reversed and direct return systems

o In the reversed return system, the pipe distance of the water flow passing through each parallel loop is basically the same, so

: F Heat Heat Heat
the resistance loss of each pipe is nearly the same. oichanger exchanier exchanger

Expansion Expansion
water tank water tank
Heat

Return water

Heat exchanger
exchanger i
gk 2 )
e, Supply water
=1 L:: Heat Heat Heat
exchanger  exchanger exchanger
— L}
Circulating Circulatin
water pump  Chiller it pumgp Chiller Supply water
i~ i {f |
L _{ L L Return water )
Two layout modes of main vertical pipes in the Two layout modes of branch horizontal pipes in
reversed return system the reversed return system
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Advantages of the reversed return system: When the water resistance of each
terminal heat exchanger is approximately the same, the total pipe length of each
parallel loop is basically the same. Therefore, the reversed return system has
good hydraulic stability and balanced water distribution among loops, and is
convenient to be adjusted.




Chilled Water System Classification - Reversed and Direct
Return Systems (2)

* Reversed and direct return systems

o In the direct return system, the distance of the water flowing through the pipes in each parallel loop is unequal,
so the resistance is unequal.

Expansion water tank

Heat exchanger
+ Z_ Heat Heat Heat
exchanger exchanger exchanger
== Pl g OO 5 | [
5=,
Supply water
Circulating Return water
water pump
Chiller

\l

) ) Branch horizontal pipes in the direct return system
Main vertical pipes in the direct return system
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« Advantages of the direct return system: Simple pipe configuration, less pipe
material consumption, less construction difficulty, and lower investment.

Disadvantages of the direct return system: The total pipe length of the parallel

loops is unequal, and the resistance between the loops is not balanced, which
leads to uneven flow distribution.



Chilled Water System Classification - Constant and Variable
Flow Systems

* Constant and variable flow systems

o Constant flow system: The water flow is constant. The temperature difference between the supply and return water is changed

to adapt to the change of the load.

o Variable flow system: The temperature difference between the supply and return water remains unchanged. The water flow is

changed to adapt to the change of the load of the air conditioner. The water flow varies with the load.

T

Heat sensor Heat sensor

Indoor unit Indoor unit

Three-way valve

Two-way valve

Three-way valve adjustment diagram Two-way valve adjustment diagram
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« Constant flow system: When the load decreases, the temperature difference
between the supply water and return water of the water system decreases. As a
result, the energy transmitted to the load by the system decreases to meet the
load reduction requirements. However, the transmission energy consumption of
the water system does not decrease. Therefore, the water transmission efficiency
decreases.

= The constant flow system works as follows: An electric three-way valve is
used to adjust each air conditioner indoor unit of the system. When the
room temperature does not reach the set value, the straight-through pipe
of the three-way valve is opened, the bypass pipe is closed, and the supply
water passes through the indoor units. When the room temperature
reaches or exceeds the preset value, the straight-through pipe is closed and
the bypass pipe is opened. All water flows into the water return pipe
through the bypass pipe. Therefore, the water flow on the load side is
constant.

= Advantages of the constant flow system: It is simple and convenient and
does not need more complex automatic control equipment. The three-way
valve is used to adjust the water flow at the user end. Users do not interfere
with each other, and the system runs stably.

= Disadvantages of the constant flow system: The water flow of the system is
determined by the maximum load. The water supply volume is greater than
the required water volume in most time. The energy consumption of the
transmission is always in the maximum value, and the ineffective energy
consumption of a pump is high.




» Variable flow system: When the load decreases, the system water flow decreases
accordingly, so that the system delivers less energy to the load to meet the load
reduction requirement. Because the reduction of water flow can reduce the
energy consumption of water transportation, energy can be saved greatly.

= The variable flow system works as follows: Each air conditioner indoor unit
of the variable flow system is regulated by an electric two-way valve. When
the room temperature does not reach the set value, the two-way valve is
opened fully or greatly, and the water flow through the indoor units
increases. When the room temperature reaches or exceeds the set value,
the two-way valve is closed fully or greatly, and the water flow through the
indoor units decreases. Therefore, the water flow rate on the load side is
variable.

o Advantage of the variable flow system: The energy consumption of pumps
decreases with the decrease of load (energy saving). In piping system
design, the simultaneous-use coefficient can be considered. The pipe
diameter is smaller, and the initial investment of the pumps and pipes
decreases.

o Disadvantage of the variable flow system: The control device of the variable
flow system has high requirements and is complex.



Chilled Water System Classification - Primary and
Secondary Pump Systems

Expansion water tank

* Primary and secondary pump systems

. . -way va Terminal heat
@ Primary pump system: In the system, the cooling TwowByVae " exchanger
source side and the load side share a group of
circulating water pumps.
Bypass valve
-
a S Main water D'% Main water
“-> supply pipe return pip
, Chilled water pump  Chiller
- [ 4
Primary pump system diagram
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e The primary pump system works as follows: The system uses a bypass pipe to
maintain the constant flow of the cooling source side and let the load side in
variable flow operation. A differential pressure bypass device is set between the
main chilled water supply and return pipes. When the air conditioner load
decreases, the resistance of the pipe on the load side increases, and the
differential pressure control device automatically increases the opening of the
bypass valve. The reduced water flow on the load side returns to the main water
return pipe from the bypass pipe and flows back to the chiller. Therefore, the
water flow of the chiller evaporator is always constant.

= Advantages and disadvantages of the primary pump system

= Advantages: The system is simple with few control components, so it
is easy to operate and manage

= Disadvantages: The water flow adjustment is restricted by the
minimum water flow rate of the chiller. The system is unsuitable
when there is a great gap between the water supply radius and lift of
each zone. Therefore, it can only be used in small and medium air
conditioning systems.




Chilled Water System Classification - Primary and
Secondary Pump Systems

Expansion water tank

* Primary and secondary pump systems

e TWO-Way - terminal heat
= valve

o Secondary pump: In the secondary pump system, 9 C[ZX(M"W
circulating water pumps are configured on the cooling =
source side and load side. 9 IZ
* The secondary pump system consists of two loops:

o Primary loop: main water return pipe - primary pump -

chiller —. main water supply pipe. The primary loop is Bypass valve
: : ? Second
responsible for the preparation of chilled water. e;ﬁ?“; v
o Secondary loop: main water supply pipe - secondary :ﬁ’;';l;v ;‘; Seancepipe ?ﬂfﬂ.'inw;.?é
pump - indoor unit - main water return pipe. The Primary
secondary loop is responsible for the transmission and P
it S S
distribution of chilled water.

Secondary pump system diagram
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Advantages and disadvantages of the secondary pump system

= Advantages: The system can adapt to the situation that the load change
regularity of each zone is different and the loop lift or water supply radius
of each zone is greatly different. It can realize variable flow of the
secondary pump and save energy consumption of transportation.

= Disadvantages: The system is complex and has high requirements on

control devices. It also requires a large floor area of a data center and high
initial investment.




Chilled Water System Classification - Primary and
Secondary Pump Systems

Two-way

* Hybrid system of primary and secondary = valve" ‘Tesminial hest

exchanger
Expansion
pumps water tank 4&% 2 E
o |n the transmission and distribution loop D'®<1 3

of the chilled water, the loop with short

+

pipes and small pressure loss is directly

supplied by the primary pump, and the —
loop with large pressure loss is supplied : PR,
by the secondary pump. In this way, a bl Balance pipe e

hybrid system of the primary and Primary pump

secondary pumps is formed. ‘E
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Chilled Water System Classification Basis and Key Design
Points

Classification Basis Water System Types Key Design Points

—_

The pump lift of the open system is high.

2. An open system must be configured with a chilled
Circulation mode water storage tank.

Closed circulation system 3. A closed system must be configured with an
expansion water tank.

Open circulation system

Two-pipe system

1. The number of water system equipment suites to be

Three-pipe system i i
Water supply and pipe sy aﬁ)gglgsured varies with the water supply and return
relnrpamade Four-pipe system 2. The more the number of pipes, the more complex

the layout of the pipes in design.

Zone-based two-pipe system
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Chilled Water System Classification Basis and Key Design

Points

Classification Basis

Water System Types

Key Design Points Comparison

Water supply and return
pipe layout

Reversed return system

Direct return system

The pipes of the reversed return system are long and the layout is
complex.

The reversed return system needs to be configured with a higher
water pump lift.

The resistance balance of the parallel pipes should be taken into
account during the design of the direct return system.

Operation adjustment
mode

Constant flow system

Variable flow system

The constant flow system can be configured with constant frequency
pumps.

The variable flow system must be configured with variable frequency
pumps.

Chillers with strong adaptability to flow change should be selected
for the variable flow system.

The variable flow system needs to be equipped with a complex
control system.

Circulating pump
configuration mode

Primary pump system

Secondary pump system

The primary pump system needs to be equipped with water pumps
only on the cooling source side.

The secondary pump system needs to be equipped with pumps on
both the cooling source side and the user side.

19 Huawei Confidential
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* The primary pump system is divided into the primary pump constant flow system
and variable flow system.

+ The secondary pump system is usually a variable flow system with a variable
frequency pump on the load side and a constant frequency pump on the cooling
source side.




Contents

1. Chilled Water Air Conditioner Design Overview
2. Chilled Water System Configuration
= Air Conditioner Chilled Water System Classification
= Chiller Configuration and Selection
= Chilled Water Pump Configuration and Selection

Data Center Air Conditioner Water System Configuration

3. Cooling Water System Configuration
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Chiller Type Selection

* Piston chiller
* Screw chiller
* Centrifugal chiller

* Steam lithium bromide absorption chiller

* Direct-fired lithium bromide absorption chiller

*+ Heat pump chiller for both cooling and heating Piston chiller Centrifugal chiller
g
Screw chiller Lithium bromide Water source Air-cooled
absorption chiller heat pump heat pump
21 Huawei Confidential g’é HUAWEI

Comparison should be made before chiller selection. Electric compression chillers
and lithium bromide absorption chillers should be compared.

If the power supply is tight or the electricity price is high but there is gas supply,
the direct-fired lithium bromide absorption chiller is recommended.

The air-cooled or buried pipe ground source chiller is recommended to supply
chilled water to small and medium buildings in hot summer and cold winter
areas and arid areas.

Air-cooled chiller: It is applicable to office buildings having flexible construction
and scattered small rooms but without basements or dedicated refrigeration
rooms.

Heat pump chiller (water source, air source): It is applicable to buildings that
require both cooling and heating air conditioners.
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Chilled Water Pump and Chiller Configuration Mode

*  One-to-one mapping between primary pumps and chillers

i Circulating water pum Chill
Circulating water pump Chiller 9 pump iller

L A R - S - - | T - )
No(ma[tyclosed ma%al ) 4
change-over valve K . Normally closed
c ¥ § iy | o[ manual change-over
| h v valve
[ [ - it [ < e }

One chiller to one pump, no standby pump, the chillers are

One chiller to one pump, standby pumps are set, the
connected first in series and then in parallel

chillers are connected first in series and then in parallel
* Parallel mapping between primary pumps and chillers

Circulating Chiller
water pump

DI Shared D= ng
manifold
[ 1ol =

One chiller to one pump, no standby pump, the chillers
are connected first in parallel and then in series
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* One-to-one mapping between primary pumps and chillers

= Advantages: Chillers with different flow can be connected in parallel for
working. The flow between the pump and the chiller (evaporator) is easy to
match. When the load changes, the chiller with the corresponding flow can
be started to avoid the waste of energy caused by the large chiller with
small loads.

= Disadvantage: Pumps cannot be used as backups for each other.
 Parallel mapping between primary pumps and chillers

= According to GB 50736-2012 Design Code for Heating Ventilation and Air
Conditioning of Civil Buildings, when it is difficult to configure one pump for
each chiller, a shared manifold can be used. In this case, an electric two-
way valve needs to be installed between the chiller and the circulating
water pump for separation.

= Advantage: If the pumps connected in parallel are the same, any one of the
pumps in the parallel pump group can be used as a standby pump.

= Disadvantage: When the chillers or pumps have different sizes, it is difficult
to match the flow between the pumps and the chillers (evaporators).
Starting or stopping chillers will have a negative impact on the running
chillers.




Chilled Water Circulating Pump Flow Calculation

* Calculate the flow of the circulating water pump as follows:

o Types: Horizontal double suction pump or horizontal end
suction pump

Horizontal
o System type: Primary or secondary chilled water pump system centrifugal
o The formula for calculating the flow of a circulating water ...pump

pump is as follows:
G=K*Q/ (1.163At) = 0.86 * K * Q/At
o G: pump flow (m3/h)
o Q: cooling (heating) load (kW) of the pump

= K: additional flow coefficient of the pump. The value ranges Vemcal
from 1.05 to 1.1. centrifugal
pump
o At temperature difference between supply and return water
(°0)
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« Generally, the single suction pump is used. If the flow is greater than 500 m3/h,
the double suction pump is recommended.

+ In addition to small units such as modular units and the primary pump variable
flow system, the number of circulating water pumps in the primary pump system
and the number of primary pumps in the secondary pump system should be
consistent with the number and flow of chillers.

« The secondary cold water pump in the secondary pump system should be
determined based on system zoning, the flow and the operation adjustment
mode of each zone. At least two secondary cold water pumps should be deployed
in each zone, and the variable frequency speed regulating pump should be used.




Chilled Water Circulating Pump Lift Calculation

* The lift of a circulating water pump should be calculated as follows:

o The calculation method of an open system is different from that of a closed
system. Using the closed system as an example, the lift calculation formula is as
follows:

H=K*3Ah
o K: additional safety factor, ranging from 1.05 to 1.1

o 3 Ah: total pipe resistance loss

* For a closed water system:

YAh = Hf + Hd + Hm.

o Hf and Hd: the loss due to frictional resistance and local resistance of the water

system respectively (Pa)

o Hm: equipment resistance loss (Pa)

* Note: Detailed hydraulic calculation is required.
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* Primary pump system:

= For the closed circulation system, the pump lift should be calculated based
on the sum of the resistance of pipes and pipe fittings, the resistance of the
self-control valve and filter, the resistance of the chiller evaporator (or heat
exchanger), and the resistance of the indoor unit heat exchanger.

= In addition to the preceding resistance, the pump lift of the open system
should also include the height difference between the lowest water level of
the water storage tank or chilled water storage tank and the indoor unit. If
a spray chamber is deployed, the resistance of the indoor unit heat
exchanger should be replaced by the necessary pressure head in front of
the nozzle.




 Secondary pump system:

o The lift of the primary pump in the closed circulation system should be
calculated based on the sum of the resistance of the pipe and pipe fittings
on the cooling source side, the resistance of the self-control valve and filter,
and the resistance of the chiller evaporator.

o |n addition to the resistance described in item 1, the lift of the primary
pump of the open system should include the height difference between the
lowest water level of the water storage tank or chilled water storage tank
and the chiller evaporator.

o The lift of the secondary pump in the closed circulation system should be
calculated based on the sum of the resistance of the pipe and pipe fittings
on the load side, the resistance of the self-control valve and filter, and the
resistance of the indoor unit heat exchanger.

o |n addition to the resistance described in item 3, the lift of the secondary
pump in the open system should also include the height difference between
the lowest water level of the water storage tank or chilled water storage
tank and the indoor unit. If there is a spray chamber, the resistance of the
indoor unit heat exchanger should be replaced by the necessary pressure
head in front of the nozzle.



Chilled Water Circulating Pump Lift Estimation

¢ Chilled water pump lift components (can be used for drawing or equipment

reviewing) Indoor unit E
2 Water resistance of the chiller evaporator: generally 5 to 7 mHz0 (For details, see _N_,:I_
the product sample.)

= Water resistance of the surface cooler or evaporator of the indoor unit (such as
precision air conditioner or FCU): generally 5 to 7 mHzO (For details, see the

product sample.) _I >< l—l I—

= Resistance of the return water filter: generally 3 to 5 mH20

= Water resistance of water distributors and collectors: generally 3 mHz0 _M_:_

2 Loss due to water pipe friction resistance and local resistance loss of the cooling
system: generally 7 to 10 mH20

* To sum up, the lift of the chilled water pump ranges from 26 to 35 mH;O. Evaporator

Generally, the lift ranges from 32 to 36 mH,0.
S
* Note: In the specific design phase, the lift must be calculated based on the

actual situation of the cooling system. Do not copy the empirical value.

Return water filter
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« Generally, distribution manifolds are designed at the water supply and return
outlets of the chilled water unit to connect pipes to each area.
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Cooling Water System Concept

The cooling water system uses a cooling tower to supply circulating cooling water to the condenser of a chiller. The
system consists of the cooling tower, cooling water tank, cooling water pump, condenser, and connection pipes.

/] <= [:\ Cooling tower

N

N
— S— Refill water
B Rooftop

Dosing o

device
Dirt Cooling water
remover PUMP

Chiller
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If the air-cooled chilled water air conditioning system is used, the cooling water

system is not required.




Cooling Water System Types

* One-to-one configuration of pumps, chillers, and cooling + Cooling water pipe configuration where pumps, chillers, and
towers cooling towers are connected in parallel respectively

@ Advantages: The cooling water system of each chiller is independent -
of each other. The systems are subject to coordinated control for
flow matching. Balance pipes are not required between cooling
towers.

= Disadvantages: The pipeline layout is complex, the number of pipes
and the space they occupy are large. Therefore, pipes cannot back up
each other.

Fan <3FE;> Fan
=

oling tower %ocling tower Exolmg tower

Cooling'water pump

5
Valve
~Cooling water pump
Li Chiller 7 <
Valve

Pump, chiller, and cooling tower configurations
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Advantages: No standby device is required. Few pipes are used and
the investment is small.

Disadvantages: When the sizes of chillers (condensers) are different,
it is difficult to match the cooling water flow between equipment.

@
E

Chiller

Chiller

Control valve
~" Control |

Cooling water pump

Valve Coolig? wate| pump

Valve Cooling water pump
Valve

Pipe configuration where water pumps, chillers, and cooling towers
are connected in parallel respectively
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« Balance pipe

+ SRS: Automatic scale removal system for cooling water




Cooling Water System Types

* Cooling water pipeline with a main water supply pipe and a main water return pipe

@ Abalance pipe is installed between the water pans of each cooling tower so that the cooling towers run at the same water level. This prevents water
level inconsistency between water pans of each cooling tower and avoids water overflow of some cooling towers and water refilling of other cooling

W Control valve (oolmg lDWEJ Control valve

Control valve Cocllng tower Lcnuling Iﬂw%
= Pome=r R/

towers.

Balance pipe Balance pipe

Main water
supply pipe

g8
8a
T E
Chiller E b g E
Valve Cooling water 'rEn g
— pump
Chiller P &h

1 <r SRS
Valve Cooling water
pump
Chiller P, <
Valve Cooling water
pump

Cooling water pipeline with a main water supply pipe and a main water return pipe
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« The following methods are recommended to solve uneven flow distribution:

= Electric two-way valves are installed on the branch water return and supply
pipes of cooling towers. The two sets of valves operate as a pair and are
electrically interlocked with the startup and shutdown of the cooling
towers.

= Balance pipes are used to interconnect water pans of cooling towers.

= The main water supply pipe is a collecting pipe that is two gauges larger
than the water return pipe.
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Cooling Tower Heat Exchange Principle

* Heat exchanging principle of a mechanical draft
cooling tower

o The mechanical draft cooling tower is the main
equipment for evaporative cooling of circulating water.
Its working principle is that the hot circulating water is
sprayed from the cooling tower and then flows to a
collecting basin. At the same time, the fan blows air
from bottom to top in a reverse direction. Therefore,
the water film and cold air on the packing are in wide
contact, and mass transfer and heat transfer occur,
taking away the heat of the circulating water.

o Mainstream cooling tower brands: Marley, Evapco, BAC.
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Heat dissipation modes of cooling water in the cooling tower: contact heat
dissipation and evaporative heat dissipation.

Contact heat dissipation

= When the cooling water meets the air, there are three types of heat
transfer depending on the difference between the return water temperature
Tw1 and the air temperature Tq1 of the cooling tower:

= When Tw1 > Tq1, the cooling water transfers heat to the air and gets
cooled.

= When Tw1 = Tq1, there is no heat transfer between the cooling water
and the air, and the cooling water temperature remains unchanged.

= When Tw1 < Tql, the air transfers heat to the cooling water, and the
cooling water temperature increases.

= Therefore, when the ambient temperature is equal to or higher than the
cooling water temperature, the contact heat dissipation of the cooling
tower fails. At this time, its cooling effect will depend entirely on the
evaporative heat dissipation of cooling water. Therefore, the cooling effect
will be significantly reduced.




Evaporative heat dissipation

u]

Influence of meteorological factors on evaporative heat dissipation of
cooling water: Influence of air temperature: The higher the air temperature
(dry bulb temperature), the stronger the evaporative heat dissipation.
Influence of air humidity: The lower the relative humidity, the faster the
evaporative heat dissipation. On the contrary, high ambient humidity
results in poor evaporative heat dissipation. When water vapor in the air
saturates, evaporation cannot be performed, and the evaporative heat
dissipation is equal to zero.

Influence of air pressure: the lower the air pressure, the easier the water
evaporates. Increasing the ventilation of the cooling tower can effectively
reduce the static pressure on the surface of the cooling water and facilitate
the evaporative heat dissipation of the cooling water.

Influence of wind speed: The greater the wind speed, the greater the
convection heat transfer coefficient. In addition to closed cooling towers,
various open cooling towers require natural or mechanical ventilation.

To sum up, the cooling process of cooling water in a cooling tower is a
process of exchanging heat with the air, and its cooling effect is greatly
affected by atmospheric weather conditions.



Cooling Tower Classification

Classification
Basis Category Characteristics
Small projects with a flow of less than 100 m*/h and no
Round tower requirements for water drift and noise, occupying a
Shape large area (rarely used)

Square tower

Can be assembled, 30% more expensive than the round
tower.

Airflow direction

Crossflow tower

Low noise, high cost-effectiveness, and high market
share (commonly used)

Counterflow
tower

Effective and noisy

Material

Stainless steel
tower

Fiberglass tower

Cost-effective (commonly used)

Contact with air?

Open tower

The upfront investment is low, but water refilling is
required (commonly used)

Closed tower

The cooling capacity is small, and the capital

expenditure (CAPEX) is 10 times that of the open tower.

However, the subsequent operation cost is low.
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« The water-cooled chilled water unit must use a cooling tower. The air-cooled

chiller water unit does not require the cooling tower.




Cooling Tower Installation Position

* The three common positions for installing cooling

towers are as follows:

37

o When the chiller plant is installed in the basement of a

building, and the cooling tower is installed on the well-
ventilated outdoor green belt or outdoor ground.

If the chiller plant is a single-storey building, the cooling
tower can be installed on the roof of the chiller plant or on
the outdoor ground.

When the chiller plant is installed in the ground floor or
basement of a multi-storey building or a high-rise building,
the cooling tower is installed on the roof of the podium of
the building. If the chiller plant is not installed in the
mentioned locations, the cooling tower can only be
installed on the roof of the main building of a high-rise
building.
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Cooling Tower Selection

* Cooling tower flow rate * Location and ventilation
(m3/h) * Noise
*  Chiller working condition . *  Floor area .
(return and supply water ‘ *  Antifreezing v
temperatures, C) *  Final flow rate of the
*  Local outdoor wet bulb coolinig fowet
. *  Water quality
temperature ('C) requirements
+  Water refilling
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An open cooling tower is recommended for the cooling system of a data center.

If water needs to be protected against pollution, a closed cooling tower can also

be used. The combustion performance level of cooling tower materials cannot be
lower than Class B1.

The cooling tower should not be deployed near heat sources, exhaust gas, smoke
generation point, chemical stack, or coal stack.

The distance between cooling towers or between a cooling tower and other
buildings should be set based on the ventilation requirements of the tower and
the interaction between the tower and the buildings. In addition, the safety
distance for fire prevention and explosion prevention of the building and the
construction and maintenance requirements of the cooling tower should also be
considered

The cooling tower must be far away from high temperature or harmful gas, such
as air exhaust from the kitchen. In addition, the cooling tower must be free from
water drifting that may affect the surrounding environment.




39 Huawei Confidential §"é HUAWEI

« The impact of the cooling tower noise on the environment should comply with
the standard values of various urban areas or environmental noise specified in
the GB 3096 Environmental Quality Standard for Noise. The space attenuation of
the cooling tower can be calculated based on the assumption that the
attenuation is 5 dB when the distance increases by one time of the noise value.
The synthetic sound pressure level of sound sources of multiple cooling towers
should be calculated by logarithm.

« After the position of the cooling tower is determined, if the designed and
selected low-noise cooling tower cannot meet the requirements, noise reduction
and insulation measures should be taken.

» Areas with the risk of freezing. The following antifreezing and thermal insulation
measures should be taken for a cooling tower running in winter:

o |t is recommended that the cooling tower be separately deployed and the
antifreeze cooling tower be used.

o The water refill pipes, cooling water supply and return pipes installed on the
roof and in the rooms without heating should be insulated and heated. The
chassis of the cooling tower for storing water should also be equipped with
trace heating facilities.

o For the cooling water pipe installed on the outdoor sunny side, the length
of the pipe that is exposed to the sunlight and generates temperature rise
can be considered for heat insulation.




Cooling Tower Water Flow Calculation

* Calculate the water flow processed by a cooling tower as follows:
G=12*3600Q/ (p*C*At) =0.86*1.2*Q/At

G: the designed water volume of the cooling tower

o

1.2: allowance coefficient

Q: chiller condensing heat (kW). Q = Chiller cooling capacity + Compressor input power

@ p: water density at 35°C (993.96 kg/m°)

o

C: specific heat capacity of water at constant pressure (4.1784kJ/kg * K)

At: the temperature difference of the cooling water system (C)
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« When selecting a cooling tower, you can preliminarily select the cooling tower
specifications based on the return and supply water temperature, local wet bulb
temperature, and cooling tower water flow. Then, you can check whether the
selected cooling tower meets the parameter requirements of cooling water based
on the curve or table of non-standard working conditions for the sample. If the
requirements are not met, the specifications should be modified.




Cooling Tower Water Refilling

* For a system without a water tank, water should be refilled at the bottom of the cooling tower. If a
water tank is configured, water should be refilled in the water tank.

* The diameter of the cooling water refill pipe should be determined based on the water refill volume
Q. The cooling water refill volume is the sum of the evaporation loss, drainage loss, drift loss, and
other losses of the cooling water system. It can be calculated as follows:

Qbc=qz+Qqw+ Qgp + Qg
o Qpc cooling water refill volume (m3/h)
@ Q. water loss volume due to evaporation (m?/h)
o Qu: water loss volume due to drainage (m?®/h)
o Qg water loss volume due to drift (m3/h)

8 Qq: other lost water volume (m3/h)
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The cooling water refill system must meet the performance requirements of the
air conditioning system in a data center. The flow and pressure of the cooling
water refill system must meet the requirements of the equipment in use.

If the cooling water refill is interrupted, the cooling system will be interrupted. In
this case, a water refill storage device should be deployed. The storage time
should not be shorter than the time for a local emergency water truck to arrive
at the site. If the storage time cannot be determined, it should be at least 12
hours. A water refill port should be reserved on the water refill storage device.

It is recommended that municipal tap water be used to refill cooling water.
Epigenetic water, well water, lake water, and river water that meet the water
quality requirements can also be used.

Measures should be taken for the storage of cooling water to prevent the water
quality from deteriorating.

Evaporation loss: The evaporation loss of cooling water is related to the cooling
water temperature drop. Generally, when the temperature decreases to 5° C, the
evaporation loss is 0.93% of the circulating water volume. When the temperature
drops to 8° C, it is 1.48% of the circulating water.

Drift loss: water loss due to the strong wind of the cooling tower. The drift loss of
China-made equipment is 0.3% to 0.35% of the circulating water volume, and
that of international equipment is 0.15% to 0.3% of the circulating water volume.

Drainage loss: The concentration times of cooling water should not exceed 3 to
3.5 times through drainage. Generally, the drainage loss should be 0.3%-1% of
the circulating water volume.

Other losses: cooling water losses caused by water leakage.

In conclusion, the general water refill rate can be estimated to be 2% to 3%.
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Flow Lift Calculation for a Cooling Water Circulating Pump

* The flow calculation method of a cooling water pump is the same as that of a chilled water
pump.
* The lift of a circulating water pump should be calculated as follows:

o Take an open cooling tower as an example. The lift calculation formula is as follows:

H=K* (H1 + H2 + H3 + H4)

8 H1: the height difference (m) between the lowest water level of the water pan of the cooling tower and
the water distributor or water return (When there is a cooling water tank, H1 indicates the height

difference between the lowest water level of the water tank and the water distributor or water return.)
@ H2: the hydraulic head (m) required for the water distributor of the cooling tower
2 H3: the resistance (m) of the chiller condenser.

8 H4: total resistance of the pipe system (m) (including the local resistance of the control valve and dirt

remover)

* Note: Detailed hydraulic calculation is required.
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» The lift of a cooling water pump should be the sum of the following items:

= Height difference between the water pan of the cooling tower and the
water distributor.

= Free hydraulic head required by the distributor pipe of the cooling tower:
provided by the manufacturer. For details, see the product brochure.
Generally, the free hydraulic head of a typical crossflow tower is 0.05 MPa.

= Chiller condenser resistance: provided by the manufacturer. For details, see
the product brochure.

= Resistance of suction pipes, discharge pipes, fittings, automatic control
valves, filters, and dirt removers.

o Add 5% to 10% of the sum of the preceding items.




Lift Estimation for a Cooling Water Circulating Pump

a4

The lift design of a cooling water pump is similar to that of a chilled water pump. The
main difference is that the height difference between the water pan of the cooling
tower and the nozzle needs to be calculated for an open system.

Cooling water pump lift components (can be used for drawing or equipment
reviewing)

o Water resistance of the chiller condenser: generally 5 to 7 mH;O (For details, see the

product sample.)
Water spray pressure of the cooling tower nozzle: generally 2 to 3 mH;O

Height difference between the water pan and the nozzle of the cooling tower (open
cooling tower): generally 2 to 3 mH,0

Return water filter resistance: generally 3 to 5 mH.0

Loss due to water pipe friction resistance and local resistance loss of the cooling system:
generally 5 to 8 mH;O

To sum up, the lift of the cooling water pump ranges from 17 mHz0 to 26 mH:0.
Generally, the lift ranges from 21 mH.0 to 25 mH:z0.

Note: The lift must be calculated based on the actual situation of the cooling system.
Do not copy the empirical value.
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Energy-Saving Solution Configuration for
Data Center Cooling Systems
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1

Foreword

* This course describes how to configure energy-saving solutions for air

conditioning systems in data centers and how to improve the reliability of

air conditioning systems in data centers by means of continuous cooling.
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Objectives

On completion of this course, you will be able to:

o Master the method of configuring air conditioning systems for free cooling in

data centers.

o Master the method of configuring continuous cooling for air conditioning

systems in data centers.
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Contents
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Free Cooling Solution Configuration for Data Center Air Conditioners
= Direct Ventilation Free Cooling Solution Configuration
Water-based Free Cooling Solution Configuration

= Indirect Evaporative Cooling Solution Configuration

Continuous Cooling Solution Configuration for Data Center Air
Conditioners

Configuration Cases for Data Center Air Conditioning Systems
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Concept of Direct Ventilation Free Cooling

* In the season when the ambient temperature is low, outdoor air is directly introduced to a data center as a cooling source after being filtered and
humidified, which saves a large amount of energy. This cooling mode is called air-cooled free cooling or direct ventilation free cooling. This solution

features simple working principles and low costs, and can reduce energy consumption of data centers.
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Working Principle of Direct Ventilation Free Cooling
m - r Df-» -
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| 5°C < Outdoor temperature < 20°C |

I 20°C < Outdoor temperature < 25°C I l Outdoor temperature > 25°C I
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* When the outdoor air condition is within the specified range (generally lower
than 20° C), outdoor cool air is filtered by the filter using fans and louvers, and
then is directly sent to a data center. In direct ventilation mode, the compressor
of the air conditioner stops working. The fans exchange the outdoor cold air with
the indoor hot air. Therefore, the energy consumption of the air conditioner is
extremely low. In theory, the energy efficiency ratio (EER) of the air conditioner
can reach 25, and the dynamic power usage effectiveness (PUE) can be as low as
1.10.

* When the outdoor temperature is higher than the air intake temperature of the
device, the direct ventilation device automatically shuts down and the air
conditioner starts for cooling. In electric cooling mode (non-direct ventilation),
the EER of the air conditioner depends on the efficiency of the air conditioner.
Generally, the EER ranges from 3 to 6, and the dynamic PUE is 1.39. The annual
average PUE depends on the energy efficiency in electric cooling mode and the
running time in direct ventilation mode (that is, the local climate).




Composition of a Direct Ventilation Free Cooling System

Ventilated floor

(-

7 Direct ventilation free
cooling system
crac Rack %Hm Rack Rack diagram
W 1) S A
Space under the — —
floar — prm— 2
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« A filter is to filter the outdoor fresh air to meet the cleanliness requirements of
the indoor environment. Filters can be classified into roughing filters and medium
efficiency filters.

« Humidifiers used in data centers include dry steam humidifiers, infrared
humidifiers, spray humidifiers, high-pressure atomizing humidifiers, air water
mixed humidifiers, ultrasonic humidifiers, and wet film humidifiers. The most
common humidifiers used in data centers are electrode humidifiers, infrared
humidifiers, wet film humidifiers, and ultrasonic humidifiers. Electrode
humidifiers and infrared humidifiers are widely used in the humidification
systems of precision air conditioners. Wet film humidifiers are the most widely
used independent humidifiers in data centers and are referred to as "data center
humidifiers".




Three Configuration Solutions for Direct Ventilation Free

Cooling

o e e s
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’ Mode 1: water-cooled chilled AY
1 water air conditioner 1
I A I
1 Kl —> Chiller by Conditioner T
indoor unit
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! Mode 2: air-cooled chilled :
: e water air conditioner Air .
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1 indoor unit 1
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1 conditioner |
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\ Mechanical cooling 7

The cooling system of the direct
ventilation free cooling solution
supports direct ventilation cooling
and mechanical cooling. Mechanical
cooling is enabled only when the
outdoor temperature cannot reach
the preset temperature.

There are three mechanical cooling
modes that can work with free
cooling: water-cooled chilled water,
air-cooled chilled water, and air
cooling.
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Application Scenarios of Direct Ventilation Free Cooling

Direct ventilation is susceptible to the external environment. Therefore, site selection is critical to a data center using direct ventilation. A site must be

selected from the following two aspects:

o Climate. More energy is saved in a region with a higher latitude or lower temperature.

o Air quality. The solution feasibility depends on the air pollution degree. A site should be located in a region with low pollution to prevent the indoor equipment from being

corroded.
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Distribution of annual mean temperature
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According to the preceding analysis and suggestions of direct ventilation
vendors, the direct ventilation solution is not recommended if the annual
average temperature outside a data center is above 20°C.
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« If the outdoor air quality is poor, the direct ventilation solution is not recommended.

Chemical filters are not recommended for data centers due to their large air

resistance, heavy maintenance workload, and high cost. Therefore, during outdoor

environment evaluation, the direct ventilation solution is not recommended for areas

with poor air quality. For details about the standards for outdoor harmful gas

concentration, see ASHRAE 66.1. The following table lists the requirements.

C Major Stan Average Time
Catboi L 9 ppm (10 mg/m‘-) 8-hour
35 ppm (40 mg/m?) 1-hour
Lead 1.5 ug/m* Quarterly average

Nitrogen dioxide 100 ug/m? Annual arithmetic average
PM10 150 ug/m? 24-hour
PM2.5 35 pug/m? 24-hour
Ozone 0.08 ppm 8-hour
Sulfur oxides 0.14 ppm 24-hour
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« Take STULZ as an example. In the design process, the direct ventilation solution is

determined by querying the annual ambient temperature of the place where the

data center is located and calculating the number of days/hours when the annual

ambient temperature is lower than the preset supply air temperature. Set the
supply air temperature to 24° C for 8760 hours in a year. If the ambient
temperature is lower than 24° C for more than half of the time, direct

ventilation can be used for cooling.




Flowchart for Configuring a Direct Ventilation Free Cooling

System

Requirement
specifications input

|
N

Supply and return air
status design

Cooling load calculation

B
<

Mechanical cooling

design and selection
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Selection of the

- functional section of the

direct ventilation device

4

Fan design and selection

{

Cleanliness design and
selection

’

Humidity design and
selection

Air vent design and
selection

.

Control system design

3

Material list output

Note: The design of air supply fans,
cleanliness, and humidity is
integrated in the direct ventilation
device. When selecting a direct
ventilation device, you need to
determine the three specifications.
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The yellow parts are the key parts described in this slide. Other parts are

described in other sections.

Requirement specifications input: cabinet power density, cabinet quantity, data
center area, and data center environment specifications (dry-bulb temperature,

relative humidity, pParticulate matter concentration, and harmful gas

concentration)

Supply and return air status design: Determine the supply and return air status

(supply and return air temperature and humidity) of the data center. If the preset

supply and return air temperatures are higher, the free cooling time using the
outdoor air is longer, and the time for starting the compressor is shorter, which

reduces the power load of the compressor.

Cooling load calculation: Calculate the cooling load of the data center.




Mechanical cooling design and selection: Select a cooling solution, design and
select the chiller based on the load, and calculate the air volume of the unit. The
design of mechanical cooling is to determine the auxiliary cooling mode. A high-
efficiency mechanical cooling mode can reduce the cooling loss and the cooling
power load.

Fan design and selection: exhaust fan design (air volume and motor power)

Selection of the functional section of the direct ventilation device: Select a
functional section (cooling, humidification, filtering, or preheating). Design air
blender dimensions.

Cleanliness design and selection: Determine the filtering mode, level, and cross-
sectional area.

Humidity design and selection: Output the humidification mode and
humidification capacity. If the preset humidity range is wider, the time required
for humidifying a data center is shorter, and the humidification capacity is less,
which reduces the energy consumption caused by humidification.

Air vent design and selection: 1. Determine the types of required air vents (anti-
freezing air vent, return air vent, exhaust air vent, and

Control system design: Complete the control logic design.

Material list output: Output the general material list based on the preceding
material selection solution.



Specifications Input and Supply and Return Air Status
Design

*  Specifications input Ambient temperature requirements for data center devices
Input specifications 1: customer requirement specifications

Cabinet power density

Number of cabinets

Data center area

7 1000

PSYCHROMETRIC CHART

SI Metric Units, Seo Level
Borometric Pressure = 101.3 kPo

Input specifications 2: outdoor specifications
Temperature (dry-bulb temperature)

Humidity (relative humidity or humidity
Annual environmental ratio)

spedifications of the data center Particulate matter concentration
Harmful gas concentration

Local wind direction

*  Supply and return air status design

ndo0" P
s o _F

o Preset anti-freezing temperature (T;) 40on
e0 9 viof
825 pcadons
e

Hunidity Ratio, kg/kg Ory Air = Moisture Content

C)

o Supply air temperature (T.£At) (considering 5pe it et
(ed!
the air conditioner control precision) /

o Designed return air temperature (T,)

Dry Bulb Temperature, deg C
Figure 2. ASHRAE Environmental Classes for Data Centers

o Supply air humidity range (RHI, RHh)
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Anti-freezing temperature: If the outdoor temperature is below 3° C, open the
anti-freezing air damper to preheat the outdoor air.

If the preset supply and return air temperatures are higher, the free cooling time
using the outdoor air is longer, and the time for starting the compressor is
shorter, which reduces the power load of the compressor.

If the preset humidity range is wider, the time required for humidifying a data
center is shorter, and the humidification capacity is less, which reduces the
energy consumption caused by humidification.

Particulate matter concentration involves filter selection. Generally, the
information about the concentration of outdoor particulate matter and the
filtering level that the data center needs to meet are submitted to the filter
vendor.

The harmful gas concentration determines whether a chemical filter should be
configured. Chemical filters do not meet the requirements for low PUE due to
large air resistance, heavy maintenance workload, and high cost.

Data center air supply and return status design is based on the ambient
temperature requirements of the data center equipment and the customer's
requirements. In principle, if the preset supply and return air temperatures are
higher, the free cooling time using the outdoor air is longer, and the time of
auxiliary mechanical cooling is shorter, which reduces the cooling load of the
data center.




Mechanical Cooling Design and Selection

*  Key

points for mechanical cooling selection

When selecting the direct expansion (DX) or chilled water cooling solution, consider
whether the customer allows water to enter the equipment room, whether the
outdoor unit is installed more than 30 m away from the indoor unit, and whether the
building has an existing chilled water system.

If the building already has a chilled water system and the customer allows water to
enter the equipment room, the chilled water system is recommended because it has
high energy efficiency and the power load is less than that of the DX system.

After determining the auxiliary cooling solution, you need to optimize the selection of

components involved in the cooling solution. i .
PQ 9 DX cooling solution

The water-cooled chilled water solution is used in the preceding scenarios.
Note: For details about mechanical

Refrigerant
A\ i . Chillledwater s e e shilonh o & S res o ) cooling selection, see Load
jo  Serverroom ._Ii ¢ Bl N ¢ _K E 1k~ fon veve 'l; ; Calculation and Air Conditioner
/o ' Direct ‘.Eé . g % ! Configuration for Data Center
' ' ot - é 5 E § Chiller E ! Cooling System and Data Center
(FIT P ST 7 2. L E e i Chilled Water Air Conditioning
bl 3 System Configuration.
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Chilled water cooling solution
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« According to TIA 942 requirements, it is recommended that different redundancy
modes be used for components in mechanical cooling for data centers of
different tiers, as shown by the following:

a

a

(1) Tier 1 data centers: Components are not redundant.

(2) Tier 2 and Tier 3 data centers: Components (such as indoor air
conditioners, outdoor cooling water pumps, chilled water pumps, and
chillers) work in N+1 redundancy mode.

(3) Tier 4 data centers: Components (such as indoor air conditioners,
outdoor cooling water pumps, chilled water pumps, and chillers) work in
N+X redundancy mode.




Humidity Control of Direct Ventilation Equipment and
Selection of Air Blenders

*  Humidity control

o In the direct ventilation solution, electrode humidifiers and high-pressure micro-mist
humidifiers are recommended.

Medium
efficiency filter

*  Selection of air blenders
o Selection of functional sections

Cold air processing involves filtering, humidification, preheating, cooling, and
dehumidification. Corresponding functional sections need to be designed for these
processes.

—t .
ompresso| |Evaporat| | Micro-mist ir supply
r or humidifier fan

Functional sections of a direct ventilation air conditioning system

@ Dimensions design

An air blender is used to filter and humidify the introduced outdoor fresh air. When
designing air blender dimensions, consider the following two situations:

1. Only theintake air damper and return air damper are available. The anti-freezing air
damper is not considered.

2. Theintake air damper, return air damper, and anti-freezing air damper are available.

In addition to different types of air dampers, the specifications of the filtering section and
humidification section need to be considered based on the actual project requirements.
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Selection of Direct Ventilation Air Supply Fans and Exhaust
Fans

*  The air supply fan is inside the direct ventilation device, and the exhaust Design and selection of exhaust fans
fan is outside the direct ventilation device.

. . & The number of exhaust fans is equal to the number of precision air
*  Selection of air supply fans

conditioners determined during the mechanical cooling design.
o Air supply volume calculation

L - 3600xK,xQ
Pcp (11 - t.‘} ) |

o @ heat load (kW) of the data center |

o p: air density. The recommended value is 1.2 kg/m®. P | -

o ¢p: specific heat of the air at constant pressure. The recommended value is
1.01 ki/kg°C.

& The air volume of the exhaust fan is approximately the same as that
of the selected air supply fan.

Name Specifications

o t1and t2: preset room temperature and outdoor supply air temperature
Q) Dimensions (R x W): 720 mm x 460 mm;

rotation speed: 1450 rpm;
o K1: margin coefficient for calculating the supply air volume. Generally, the Axial fan ! pe p

blade angle: 25 deg;
value ranges from 1.1 to 1.2.

(exhaust fan) |2 volume: 15,297 mé/h;

*  Calculation of supply air pressure ;2’\5:57514{21 sz\? Pa;

9 Phan > APm + AP} + Pritering + Phumidification
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The total pressure of the fan is mainly used to overcome the resistance
encountered in the air supply process. Take the air supply fan as an example. The
resistance of the fan includes the friction drag, local resistance, and resistance of
functional sections (filtering and humidification sections).

The friction drag (APm) is related to the pipe material and pipe length: APm =
Apm x L.

Local resistance is mainly caused by the change of air flow direction. When a
vortex occurs in the air that flows through a cross section, local resistance is
generated. Formula for calculating the local resistance: APj = T x p x v2/2. In the
formula, C indicates the local resistance coefficient, and V indicates the air flow
rate at the place where the local pressure loss occurs in the air duct.




Filter Selection for Direct Ventilation Devices

Filter selection

Filter class

@ In the actual engineering design, according to the data center
air cleanliness requirements specified in the ASHRAE, primary
filters and medium efficiency filters are generally used for air
ducts. G4 primary filters and F7 medium efficiency filters are
usually selected in the industry to ensure good filtering effects.
G4 primary filters are recommended for the return air section.

Calculation of filter cross-sectional area
F=Q/3600U
= Q:air supply volume (m?/h) through the filter

@ U:windward speed (m/s) of the cross section of the filter. In
the industry, the value of 1.87 m/s to 3.73 m/s is usually used.

= F:cross-sectional area (m?) of the filter
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Requirements for particulate matter concentration in data centers

The cleanliness of a data center must meet the ISO 14644-1
(ISO 1999) class 8 requirements. A proper filter is required to
Particulate meet the cleanliness requirements of this class.

matter 1. MERV 8 filters recommended by ASHRAE Standard 127

Recommended return air filter:
MERV 8 filter

contamination | (2007a) should be used to filter room air.
2. MERV 11 or MERV 13 filters recommended by ASHRAE 2009b
should be used to filter the outdoor air entering a data center.
Recommended fresh ]
air filter:

MERV 11-13 filter

B -

»

| Filter standards for data centers recommended by ASHRAE
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Direct Ventilation Control Logic Design

* Control logic design

@ Cooling mode design principle: The cooling mode is automatically selected by the air conditioner controller based on the outdoor ambient
temperature and the actual load of the indoor equipment room. The switching logic of the cooling mode is controlled by three key temperatures:

preset anti-freezing temperature (Ty), supply air temperature (Ts), and designed return air temperature (T).

= Considering the control precision of the air conditioner, the supply air temperature range of the air conditioner is set to TstAt. The following table

describes cooling mode switching based on the outdoor ambient temperature.

Cooling mode Operating mode and indoor air damper linkage control status
Environment
No. Cooling Mode Intake Air Return Air | Anti-freezing | Exhaust Air
Requirement Operating Mode Damper Damper Air Damper Damper
3 Direct ventilation cooling (fresh air +
T |TestxT=atc return air mixture) Chilled water/bX 0% 100% 0% 0%
mechanical cooling
2 <TeC Direct ventilation cooling (fresh air + anti-
el freezing air mixture) Hybrid cooling 100% 0% 0% 100%
3 [T,-aAt<t<T +AtC Direct ventilation cooling (all fresh air) Direct veplilation 100% 0% 0% 100%
cooling
” Direct ventilation + mechanical cooling Direct ventilation
4 T, +Atst<T°C (hybrid operating mode) cooling 0-100% 0-100% 0% 0-100%
5 tsToC Complete me(haplcal cooling (chilled Direct vgnulatxon 0-100% 0-100% 100% 0-100%
’ water or DX cooling) cooling
16 Huawel Confidental &2 HUAWEI

Tf<t<Ts-At" C Direct ventilation is used for cooling. To ensure the supply air
temperature, the return air damper is open to increase the air temperature by
mixing air. In this mode, the fresh air damper, return air damper, and exhaust air
damper are open, the anti-freezing air damper is completely closed, and the
compressor stops running.

t < Tf* C: Direct ventilation is used for cooling. To prevent the introduced
outdoor air from being too cold, open the anti-freezing air damper to preheat
the outdoor air and increase the supply air temperature. In this mode, the anti-
freezing air damper is 100% open, the opening angles of the supply air damper,
exhaust air damper, and return air damper are controlled, and the compressor
stops running.

Ts - At <t < Ts + At: Direct ventilation is used for cooling, and the compressor
stops running. In this mode, the fresh air damper and exhaust air damper are
open, and the anti-freezing air damper and return air damper are completely
closed.

Ts + At < t < Tr: Direct ventilation and mechanical cooling are used for hybrid
cooling. In this case, the outdoor air temperature is lower than the return air
temperature of the equipment room. If the compressor is used for hybrid cooling,
the energy consumption is lower than that when only the compressor is used for
cooling. In this mode, the supply air damper and exhaust air damper are open,
and the return air damper and anti-freezing air damper are completely closed.

t > Tr: The compressor is used for cooling. In this case, energy consumption of the
compressor is the highest. In this mode, the supply air damper, return air damper,
and anti-freezing air damper are completely closed, and the exhaust air damper
is open.
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Water-based Free Cooling Solution Overview

* The heat exchanger acts as the bypass mode of the water chiller. When the outdoor air condition is within the
configured range, the chilled water in the data center is cooled by using the cooling water. The pump sends the
cooling water through the plate heat exchanger to cool the chilled water in the CRAH without mixing the cooling
water and chilled water. The bypass valve of the chiller can be closed based on the condensate water temperature.
This type of energy-saving cooling mode supports free cooling for some loads when the heat exchanger and the
chiller are connected in series.

:(.'T\,t."\:: Pump Data Center
(HOC(( 7 e

Wi

7,

Pump CRAH

Cooling tower
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Composition of a Water-based Free Cooling System

- e = * In mode 1, the main components
I Mode 1: water-cooled chilled water + indirect free cooling I

include the cooling tower, chiller,
water-to-water heat exchanger,

Data Center - E
p——— water pump, and indoor unit of

d the in-room or in-row chilled
g water air conditioner.

* In mode 2, the main components

Pump
Cooling tower

I Mode 2: air-cooled chilled water + indirect free cooling I incide the ntegrated dii-caoted

chiller with the free cooling

.Data Center function, water pump, and

indoor unit of the in-room or in-

row chilled water air conditioner.
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« The water-cooled chilled water free cooling system consists of the chiller, plate
heat exchanger, cooling tower, water pump, thermal storage tank, and other
auxiliary components (water pipes and meters).

= The chiller is mainly used for mechanical cooling.

= The plate heat exchanger is used to directly exchange heat between the
cooling water and chilled water.

= The cooling tower is used to cool the cooling water.

= The water pump is used to provide power for the whole water-cooled
liquid.

= The thermal storage tank is used to cool the data center when the power
supply is disconnected.

« The air-cooled chilled water free cooling system consists of the air-cooled chiller,
water pump, thermal storage tank, and other auxiliary components (water pipes
and meters). The coil pipe for free cooling is integrated with the outdoor unit.
The functions of other components are the same as those of the water-cooled
chilled water system.




Water-based Free Cooling System Configuration Process

Requirement specifications

i Main device selection Other device selection
Determination of the ;
specifications of air supply and Main device and indoor unit Oultmft odeEC SYStE;"
return as well as water supply layout solution drawings an
and return material lists

Pipe layout of the water

Cooling load calculation system

System mode selection Water system calculation
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The yellow parts indicate the key points described in this slide for water-based
free cooling system configuration and selection.

Requirement specifications input: cabinet power density, cabinet quantity, data
center area, whether free cooling is required, and reliability level

System mode selection: 1. Output the chilled water system mode: air-cooled free
cooling or water-cooled free cooling. 2. Output the subsystem mode. 3. Output
the system diagram.

Main device selection: 1. Cooling source device selection 2. Indoor unit selection
Pipe layout of the water system: Output the air conditioner connection diagram.

Water system calculation: Calculate the flow rate and pipe diameter of the
chilled water system, cooling water system, and condensate water system.

Other device selection: thermal storage tanks and auxiliary devices




Key Points of Water-based Free Cooling System
Configuration (1)

* Design points

Description

Determine the free cooling type. Direct free cooling/Indirect free cooling

Determine the plate heat exchanger based on the

h Water-to-water plate heat exchanger/Air-cooled chiller with the free cooling function
outdoor unit.

Determine the medium. Water/Glycol
Inlet and outlet water temperatures on the primary side: 7°C for inlet water and 12°C
Inlet and outlet water temperatures on for outlet water
Heat the primary and secondary sides Inlet and outlet water temperatures on the secondary side: 10°C for inlet water and
ea 5°C for outlet water
exchanger
configuration | Material Alloy 304/Alloy 316
Total heat transfer capacity 900 kw
Pressure drop 10m

* Design of air supply and return as well as water supply and return
@ Determine the air supply and return specifications of the indoor unit
@ Determine the supply and return chilled water temperatures on the cooling source side.
e Supply and return water temperatures of cooling towers: supply and return water in summer and winter

@ Supply and return water temperatures on the primary and secondary sides of the plate heat exchanger

21 Hoawel Confidentia 2 HUAWEI

In summer, the cooling tower is selected for water supply and return. The cooling
tower is selected under the most unfavorable working conditions. The supply and
return water temperatures in winter are determined when the control logic is
designed, which are usually lower than the temperatures of the supply and return
cooling water in summer.

The operating mechanism of the air-cooled free cooling system is as follows:
When the temperature of the cooling system is within the independent operating
temperature range (the ambient temperature is higher than the return water
temperature), the fan speed is adjusted based on the condensing pressure to
ensure system reliability. When the cooling system and free cooling system are
running at the same time (the ambient temperature is lower than the return
water temperature but the outlet water temperature is higher than the preset
value), the fan runs at full speed. The proportional three-way valve is fully
opened to maximize the cooling capacity of the free cooling system. The
compressor is started or shut down based on the outlet water temperature. In
the temperature range where the free cooling system runs independently (the
ambient temperature is lower than the return water temperature and the outlet
water temperature is lower than the preset value), the fan speed is adjusted
based on the outlet water temperature. The proportional three-way valve
performs stepless adjustment based on the outlet water temperature to ensure
that the free cooling system is fully utilized and the precision requirements of
water temperature control are met.




Key Points of Water-based Free Cooling System
Configuration (2)

* System mode selection Condenser fan___  Free cooling

—T— coil pipe

Free dooling heat exchangei

o Determine whether to choose the air

Cooling tower

or water-cooled mode based on the

v Ecndsnser )
I vaporator <=
bn T

following: 1. Whether the water
source is sufficient 2. Whether the

Data center e

installation space meets the water ‘

COOling requirements 3. Cooling load Air-cooled chilled Water-cooled chilled

water free cooling water free cooling

Note: For details about how to select a chilled water air
conditioner system, see Data Center Chilled Water Air
Conditioning System Configuration.
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In summer, the cooling tower is selected for water supply and return. The cooling
tower is selected under the most unfavorable working conditions. The supply and
return water temperatures in winter are determined when the control logic is
designed, which are usually lower than the temperatures of the supply and return
cooling water in summer.

The operating mechanism of the air-cooled free cooling system is as follows:
When the temperature of the cooling system is within the independent operating
temperature range (the ambient temperature is higher than the return water
temperature), the fan speed is adjusted based on the condensing pressure to
ensure system reliability. When the cooling system and free cooling system are
running at the same time (the ambient temperature is lower than the return
water temperature but the outlet water temperature is higher than the preset
value), the fan runs at full speed. The proportional three-way valve is fully
opened to maximize the cooling capacity of the free cooling system. The
compressor is started or shut down based on the outlet water temperature. In
the temperature range where the free cooling system runs independently (the
ambient temperature is lower than the return water temperature and the outlet
water temperature is lower than the preset value), the fan speed is adjusted
based on the outlet water temperature. The proportional three-way valve
performs stepless adjustment based on the outlet water temperature to ensure
that the free cooling system is fully utilized and the precision requirements of
water temperature control are met.




The water-cooled chilled water air conditioning system has the following three
operating modes:

(1) In summer, the cooling is completely performed by the chiller, and the plate
heat exchanger does not work due to valve regulation.

(2) In winter, only free cooling is adopted. The chiller is shut down and the
chilled water and cooling water only pass through the plate heat exchanger by
valve regulation.

(3) Free cooling is partially adopted in spring and autumn. In this case, the
cooling water and chilled water first pass through the plate heat exchanger and
then the chiller. The resistance is higher, and the lift of the water pump should
be larger during design (here the cooling water is glycol). Generally, the lift is 1.2
times of the original designed lift. (If water is used as the medium of cooling
water, the lift remains unchanged.)



Key Points of Water-based Free Cooling System
Configuration (3)

* Main device selection

= The water-to-water plate heat exchanger is a device used for free cooling in the chilled water system. The number of plate heat exchangers is the
same as the number of outdoor chillers of the chilled water system that require indirect free cooling. At present, more than 90% of the heat

exchangers in the market are plate heat exchangers, because the plate heat exchanger has the highest heat exchange efficiency among all types of

heat exchangers.

Five specifications are determined for selecting plate heat exchangers:
1. Fixed clamping plate (1) Inlet and outlet water temperatures on the chilled water side: for
2. Connection port
3. Gasket

4. Plate

5. Adjustable clamping

example, 7-12°C.
(2) Inlet and outlet water temperatures on the cooling water side: for
example, 5-10°C.

(3) Total heat transfer capacity: approximately equal to the cooling

plate capacity of the chiller; usually multiplied by 1.1

6. Lower guide rod (4) Medium: water/glycol (concentration). The concentration can be

7. Upper guide rod obtained by querying the table.

8. Compression bolt
9. Pillar

(5) Pressure drop: The lift of a data center ranges from8 mto 10 m. A

larger lift indicates the lower cost of a plate heat exchanger.

2 Huawei Confidentio 2 HUAWEI

For details about how to select other devices, see Data Center Chilled Water Air
Conditioning System Configuration.

In a water-cooled chilled water system, although the water quality on the chilled
water side is good, the water quality on the cooling water side is usually poor
because the cooling water side is connected to the cooling tower. If a brazed
plate heat exchanger is used, dirt in water will be accumulated on the heat
exchanger after a period of time. In addition, a brazed plate heat exchanger is
not easy to maintain, resulting in a significant decrease in the overall heat
exchange efficiency. Therefore, it is recommended that detachable plate heat
exchangers be used in water-cooled chilled water systems.

On the contrary, in an air-cooled chilled water system, one side of the system is
chilled water, and the other side is air. Therefore, the medium in this case has
relatively high cleanliness, and using a brazed plate heat exchanger can
effectively improve overall heat exchange efficiency.




Contents

1. Free Cooling Solution Configuration for Data Center Air Conditioners
= Direct Ventilation Free Cooling Solution Configuration
Water-based Free Cooling Solution Configuration
= |ndirect Evaporative Cooling Solution Configuration

2. Continuous Cooling Solution Configuration for Data Center Air

Conditioners

3. Configuration Cases for Data Center Air Conditioning Systems
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Operating Principle of Indirect Evaporative Cooling (1)

The air to be processed is cooled by a non-contact air-to-air heat exchanger to obtain air with a reduced temperature and unchanged moisture content.
This is a process of cooling air without changing the humidity.

During evaporation, water absorbs heat from the air, which lowers the air temperature. Evaporative cooling is an isenthalpic process of humidifying and
cooling air.

Primary air is air that is indirectly cooled. 7T
4 Secondary air is air cooled by direct !
@ Secondary air 1 Water spraying evaporation. E]
outlet 1 ® —> @: indirect cooling without changing
the humidity
l = @ —> @: isenthalpic humidification, direct
‘ ) evaporative cooling process 15}
Primary air inlet Primary air outlet q T4
oF o, H—
' &\ M d
73 )
If 1 g water is added to each kg of
® Secondary air inlet air, the air temperature decreases by Representation of the indirect
2.5°C after the water evaporates. evaporative cooling process on a
psychrometric chart
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Heat dissipation modes of cooling water in the cooling tower include contact
heat dissipation and evaporative heat dissipation.

Contact heat dissipation

= When the cooling water meets the air, there are three types of heat
transfer depending on the difference between the inlet water temperature
Tw1 and the air temperature Tq1 of the cooling tower:

= When Tw1 is greater than Tq1, the cooling water transfers heat to the
air and gets cooled.

= When Tw1 is equal to Tq1, there is no heat transfer between the
cooling water and the air, and the cooling water temperature remains
unchanged.

= When Tw1 is less than Tq1, the air transfers heat to the cooling
water, and the cooling water temperature increases.

= Therefore, when the ambient temperature is equal to or higher than the
cooling water temperature, the contact heat dissipation of the cooling
tower fails. At this time, its cooling effect will depend entirely on the
evaporative heat dissipation of the cooling water. Therefore, the cooling
effect will be significantly reduced.




Evaporative heat dissipation

u]

Influence of meteorological factors on evaporative heat dissipation of
cooling water: Influence of air temperature: The higher the air temperature
(dry-bulb temperature), the stronger the evaporative heat dissipation.
Influence of air humidity: The lower the relative humidity, the faster the
evaporative heat dissipation. On the contrary, high ambient humidity
results in poor evaporative heat dissipation. When water vapor in the air
saturates, evaporation cannot be performed, and the evaporative heat
dissipation capacity is equal to zero.

Influence of air pressure: The lower the air pressure, the easier the water
evaporates. Increasing the ventilation of the cooling tower can effectively
reduce the static pressure on the surface of the cooling water and facilitate
the evaporative heat dissipation of the cooling water.

Influence of wind speed: The greater the wind speed, the greater the
convection heat transfer coefficient. In addition to closed cooling towers,
various open cooling towers require natural or mechanical ventilation.

To sum up, the cooling process of cooling water in a cooling tower is a
process of exchanging heat with the air, and its cooling effect is greatly
affected by atmospheric weather conditions.



Operating Principle of Indirect Evaporative Cooling (2)

Uses an air-to-air heat exchanger to lower the indoor temperature through the outdoor low-temperature cooling source.

.
.

Starts mechanical cooling for auxiliary cooling when the cooling capacity provided by free cooling is insufficient.

Outdoor air
exhaust
Outdoor air

exhaust

Indoor air
return

=~ Indoor air
return

Outdoor
"=~ fresh air

¥ Outdoor
fresh air

Indoor air
supply

& Indoor air supply 2:::0;’:
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Fully utilizes the difference between dry- and wet-bulb temperatures to prolong the free cooling time by using a spray system.

Polymer tube heat
exchanger

-

Metal plate heat
exchanger
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The water-cooled chiller must use a cooling tower. The air-cooled chiller does not

require a cooling tower.



Operating Mode of Huawei Indirect Evaporative Cooling
Devices

Different cooling components are started based on the outdoor fresh air.

Wet mode (fan and water pump started)

Operating Outdoor Ambient Water

Mode [Temperature (100% Load) fa Pump Compresor
Dry mode Dry-bulb Sleer?cperature < OoN OFF OFF
Dry-bulb temperature >
Wet mode [16°C, wet-bulb temperature| ON ON OFF
<19°C
. 19°C < Wet-bulb
Hybrid mode temperature < 34°C ON ON ON

Dry mode (only the fan started)

utdoor dry-bulb temperature

(only the fan started) < Outdoor wet-bulb temperature

(fan, water pump, and compressor started)
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Dry mode: When the dry-bulb temperature of the outdoor air is lower than a
critical value, only the outdoor low-temperature air can be used to cool the
thermal circulation air in the data center through an air-to-air heat exchanger.

Wet mode: When the dry-bulb temperature of the outdoor air is higher than the
critical value of the dry mode but the wet-bulb temperature is lower than a
certain critical value, the evaporative cooling principle can be used to perform
isenthalpic humidification and cooling on the outdoor air and then the thermal
circulation air in the data center can be cooled through an air-to-air heat
exchanger.

Hybrid mode: When the wet-bulb temperature of the outdoor air is higher than
the critical value of the wet mode, the evaporative cooling principle can be used
to perform isenthalpic humidification and cooling on the outdoor air and then
the thermal circulation air in the data center can be cooled through an air-to-air
heat exchanger. At the same time, parts with insufficient cooling capacity are
supplemented by the backup DX or chilled water mechanical cooling system.

The critical temperature value generally depends on the structure, material,
adiabatic evaporation mode, and heat exchange efficiency of a heat exchanger.




Indirect Evaporative Cooling System Composition

* The typical structure of an indirect evaporative cooling air conditioner is used as an example.

Adiabatic evaporative

" Air filter on the cooling and Air i
Automatic shutdown secondary side humidification device Fan on the conditioner

air damper secondary side shell
DO

Air flow on the
secondary side

~ . . Air flow on the
Surface Fan on the Air-to-air heat Air filter on the primary side
cooler coil primary side exchanger primary side
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Generally, an indirect evaporative cooling air conditioner consists of an air-to-air
indirect heat exchanger, an adiabatic evaporative cooling device, fans on the
primary and secondary sides, air filters, an air damper, and a backup mechanical
cooling cycle.

Main structures of air conditioners can be different, depending on the vendors'
design.

Air-to-air heat exchangers may have different structures and materials, but they
are generally cross-air flow heat exchangers. The heat exchange efficiency of
different heat exchanger types is different.

The air inlet and outlet directions on the secondary side can be parallel and
reverse to those on the primary side, as shown in the figure. They can also be
vertical and cross-connected, depending on the design structure of the air
conditioner.

The evaporative cooling and humidification can use the adiabatic spray (or
micro-mist) mode or a mode similar to the cooling tower operating principle.
Water is directly sprayed on an air-to-air heat exchanger, which leads to higher
heat transfer efficiency in wet working conditions than dry working conditions.

A water treatment system and water circulation pump system are usually used
together with an evaporative cooling system.

The backup mechanical cooling cycle can be a DX compressor cooling cycle or a
chilled water surface cooler coil type, depending on the design and actual
application conditions of the air conditioner.




Application Scenarios of Indirect Evaporative Cooling

* The indirect evaporative cooling solution applies to the following scenarios:

3

Climatic environment: applicable to areas where the ambient temperature is low or
the temperature is high and the humidity is low. The optimal average temperature is
below 20°C.

Altitude: < 1000 m (> 1000 m: requires derating design)
Geographical environment: abundant water resources and cheap water price
Typical regions: Europe, Central Asia, Russia, North China, and Northwest China

Qutdoor installation design, large installation space needed for the large equipment,
and suitable for newly-built buildings (equipment and building planned together)

Various air supply and return modes
Special designs, such as anti-corrosion, anti-explosion, and antiseismic designs
Suitable for the design and planning of projects with innovative requirements

Suitable for projects using government or international organization funds and with
special demands on PUE

Huawei Confidential

o Chilled water + Direct + Indirect
plate heat ventilation evaporative
exchanger cooling cooling
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Indirect Evaporative Cooling System Configuration Process

. . . Design Point
Requirement Main device
specifications input selection Redundancy made N, (N+1), (N
. Indirect evaporative cooling
E;?Il':?a;{zm(e and system + DX stepless load
- - 9 adjustment (R407C/R410A)
T ) , Variable-frequency or constant-
Air inlet and outlet Device selection and Main device | Fan frequency fans on the primary and
s . . . d: id
specifications design calculation Type seconcary 1ees
Air-to-air heat Metal plate or non-metal tube
exchanger type
N b Evaporative cooling | Water sprinkling/spraying
. : ; : } Outdoor air dry-bulb temperature
Cooling lload Dewcg configuration CDUrﬁdvl\:;:m‘] < Critical dry-bulb temperature
calculation list OUtpUt under dry working conditions
Critical dry-bulb temperature
under dry working conditions <
. Control Wet working Temperature after adiabatic
logic condition evaporation of the outdoor air <
o 9 Critical wet-bulb temperature
Control logic under wet working conditions
determination Wet working Temperature after adiabatic
condition + evaporation of the outdoor air >
compressor hybrid Critical wet-bulb temperature
working condition under wet working conditions
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The yellow parts indicate the key points described in this slide for indirect
evaporative cooling system configuration and selection.

Requirement specifications input: cabinet power density, cabinet quantity, data
center area, and data center environment specifications (dry-bulb temperature,
relative humidity, particle concentration, and harmful gas concentration)

Air inlet and outlet specifications design: After the air inlet and outlet
specifications are determined, the air volume can be calculated to determine the
supply air volume and exhaust air volume. Device selection information can be
provided to the device vendor to configure the rotary wheel.

Control logic determination: Determine the control logic of the full rotary wheel,
hybrid, and full compressor working conditions.

Main device selection: The integrated solution of the rotary wheel free cooling
consists of many functional sections. Identify mandatory and optional sections,
and determine the selection basis.

Device selection and calculation: The selection specifications of the rotary wheel
free cooling air conditioner include the air volume, air pressure, environment
specifications, air inlet and outlet specifications, cooling capacity, humidification
capacity, cleanliness, and noise requirements.

Device configuration list output: Output the list based on the preceding selection
solution.




Key points for Indirect Evaporative Cooling System
Configuration (1)

Control logic determination (The following is an example. The temperature for
mode switching can be adjusted based on the actual situation.)

* Specifications input .

Specifications Input

Tier requirements

Total power consumption of computers (kW)

Commeon number of personnel in the data
center

Cabinet power density (kW/rack)

Climate level and type

Area of each room in the data center
(computer room, power room, and auxiliary
area)

Outdoor temperature and humidity

* Airinlet and outlet specifications design

= Supply and return air specifications for
indirect evaporative cooling
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2 Qutdoor air dry-bulb temperature < 20°C

The fan on the primary side runs at full speed, the compressor stops, and the evaporative
cooling system does not run. The drive motor frequency of the fan on the secondary side is
adjusted steplessly within the range of 5 Hz to 50 Hz based on the outlet air temperature of the
fan on the primary side.

2 20°C < Outdoor air wet-bulb temperature < 22°C

The fan on the primary side runs at full speed, the compressor stops, and the evaporative
cooling system starts. The drive motor frequency of the fan on the secondary side is adjusted
steplessly within the range of 5 Hz to 50 Hz based on the outlet air temperature of the fan on
the primary side.

8 Qutdoor air wet-bulb temperature > 22°C

The fans on the primary and secondary sides run at full speed. The evaporative cooling system
starts. The compressor starts and performs stepless load adjustment based on the outlet air
temperature of the fan on the primary side.

2 HUAWEI




Key points for Indirect Evaporative Cooling System
Configuration (2)

* Main device selection

No.

Functional Section

Technical Description

1

Air filter

Filters and purifies the primary side return air and secondary side fresh air. The primary filter is of class G4.

2

Air-to-air heat exchanger

Performs indirect heat exchange between the primary air side and the secondary air side.

Evaporative cooling device

Performs evaporative cooling on the outdoor air on the secondary side.

Fan

Supplies circulating power to the circulating air on the primary side and the outdoor fresh air on the secondary
side. DC inverter EC fans are adopted to minimize energy consumption and noise.

Backup mechanical cooling
cycle

Includes DX and chilled water types; supplements the cooling capacity when indirect evaporative cooling
provides insufficient cooling capacity in extreme outdoor temperatures.

Air conditioner shell

High-quality flame-retardant polyurethane thermal insulation materials are used in the middle of the double-
layer panel, and cold bridges and condensation are prevented.

Control system

Controls the operation of the air conditioner and reserves ports for connecting to the teamwork control system.

34
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« Air filter: Because of indirect heat exchange, the indoor air and outdoor air are
completely isolated, and no cross pollution occurs. Generally, air filters of only

one class need to be configured on both sides. The filtering level is usually G4.

« Air-to-air heat exchanger: Generally, metal plate heat exchangers and non-metal

tube heat exchangers are used. Heat pipe heat exchangers are seldom used due
to their high costs. During the selection of heat exchangers, the heat exchange

efficiency requirements under dry and wet working conditions are mainly

considered to select proper air-to-air heat exchangers.




« Evaporative cooling device: There are two types of evaporative cooling methods.
One is similar to the principle of a cooling tower. Water is directly sprayed on an
air-to-air heat exchanger and contacts with the outdoor air on the secondary side
to absorb heat and lower the temperature. The other is adiabatic spray, in which
water does not directly contact with the air-to-air heat exchanger. Water is
sprayed on the outdoor air on the secondary side for adiabatic humidification
and cooling, and then the heat of the cooled air is exchanged with that of the
indoor air on the primary side through an air-air heat exchanger.

« Fan:includes fans on the primary and secondary sides. Motors are configured for
the fans.

» Backup mechanical cooling cycle: includes DX evaporator and chilled water coil
types.

 Air conditioner shell: The panel material, thickness, thermal insulation material,
structure strength, anti-air leakage, anti-cold bridge, and anti-condensing
function are mainly considered for the shell. The maximum air leakage rate of
the air conditioner should not be greater than 1%. The cold bridge factor should
reach TB2 or higher of the EN 1886 standard. There should be no cold bridge.

+ Control system: usually delivered with the air conditioner. The PLC controller can
be integrated with the air conditioner or remotely installed indoors. The control
system has a color touchscreen whose size is not less than 7 inches, provides
anti-freezing and anti-condensing control functions, and provides RS232 and
RS485 ports (Modbus protocol) that support remote control and centralized
management.



Key points for Indirect Evaporative Cooling System
Configuration (3)

Main device selection: The main design specifications of the indirect evaporative cooling air conditioner include air volume, air pressure, environment

specifications, air inlet and outlet specifications, cooling capacity, adiabatic humidification capacity, cleanliness, and noise requirements, as shown in the

following tables.

Type

Item

Design Specifications

Ventilation system

Air volume on the primary side

Calculated based on the cooling load and supply and return air specifications

External static pressure of the fan on the
primary side

Calculated based on the resistance of the air duct system

Motor power consumption

Determined based on the air volume, total fan pressure, and efficiency

Air volume on the secondary side

Generally, the maximum air volume is the same as that on the primary side.

External static pressure of the fan on the
secondary side

It is used to overcome the resistance of the components in the system.

Motor power consumption

Determined based on the air volume, total fan pressure, and efficiency

Indirect evaporative
cooling system

Cooling capacity supply

Determined based on load calculation

Compressor cooling
system

Cooling capacity

If 100% backup is required, the cooling capacity is the indirect heat exchange
cooling capacity. If only partial load backup is required, the cooling capacity is
determined based on the actual proportion.

Compressor power consumption

Configured based on the system
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Key points for Indirect Evaporative Cooling System
Configuration (3)

Main device selection: The main design specifications of the indirect evaporative cooling air conditioner include air volume, air pressure, environment

specifications, air inlet and outlet specifications, cooling capacity, adiabatic humidification capacity, cleanliness, and noise requirements, as shown in the
following tables.

Evapora
tive
cooling
and
humidif
ication
system

Humidificati
on capacity

Calculated based on the
maximum air volume
and maximum humidity
difference on the
secondary side

Provided Specifications Customization Key Device
Air volume Fan on the primary side
Air pressure Fan Fan on the secondary side

Noise

Muffler (optional)

Environmental
specifications

Water
consumption

Determined based on the
humidification capacity,
humidification efficiency,

and water circulation logic

Air intake and exhaust
specifications

Air-to-air heat
exchanger

Air-to-air heat exchanger

37 Huawei Confidential

Compressor
Cooling capacity Cooling system Evaporator
Condenser

Adiabatic N . N

Humidification capacity evaporative Adiabatic gvgporatwe
R humidifier
humidifier

Cleanliness Filtering section G4 bag filter

2 HUAWEI




Contents

1. Free Cooling Solution Configuration for Data Center Air Conditioners

2. Continuous Cooling Solution Configuration for Data Center Air
Conditioners

3. Configuration Cases for Data Center Air Conditioning Systems
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Continuous Cooling Concept

* A data center that requires high reliability or high density must have the

continuous cooling function. sk M) e
= Short-time cooling interruption may be tolerated in low-density data centers, but may "u“:;""m.
cause faults or even service interruption in medium- and high-density data centers. T :
* Adiesel generator (DG) alone cannot guarantee continuous cooling. : !
< i -
= When the mains supply is cut off, cooling is also interrupted. It takes 5 to 15 minutes F L ] TR ‘1
0 5 10 15 2 %

for the DG to start, the compressor to restart, and the cooling to recover. 5 . = < -
Cooling duration without air conditioners

Time required for the 500 TR unit to return to

High load
the preset chilled water temperature gh los

Once the air conditioning system in a data center is
Standard unit -Low load

« UPS quick startup -High load
- WAS.quickstartup -Low load

interrupted, the temperature of the data center
rises rapidly, which may cause server faults or even
breakdown.
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« When the air conditioner stops running, the time for server breakdown is
calculated as follows:

< 2 kW/cabinet (< 500 W/m?): The server breaks down 12 minutes after the
air conditioner stops running.

o

s 3 kW/cabinet: The server breaks down 8 minutes after the air conditioner
stops running.

s 6 kW/cabinet: The server breaks down 3 minutes after the air conditioner
stops running.

= 9 kW/cabinet: The server breaks down 2 minutes after the air conditioner
stops running.

s 15 kW/cabinet: The server breaks down 1 minute after the air conditioner
stops running.

It takes at least 2 minutes for the chiller to resume cooling after shutdown.




Uptime White Paper - Continuous Cooling (1)

The main function of continuous cooling is to eliminate the short-time cooling capability loss during the transfer between the mains and the DG.

Basic Only Tier IV data centers require continuous cooling. It is recommended that continuous cooling be configured if the rated power

requirement | density exceeds 4 kW/rack regardless of the data center tier.

+ Regardless of technical factors, continuous cooling is defined as the capability of providing stable and uninterrupted cooling for IT
devices and UPSs.
« During the UPS backup time, the continuous cooling system provides stable cooling capability.

* For example, the static UPS system provides 15-minute backup power. The continuous cooling system should provide stable cooling during
the 15 minutes. If there are redundant modules and batteries, the backup time of 15 minutes may be extended to 30 minutes or longer.
Con.tlnut.)us + Customers must exercise caution when determining whether to configure continuous cooling based on the specified backup time or

cooling time available backup time.

* The cooling system recovery time must be set no matter what types of cooling and UPS technologies are used. For example, in a chilled
water system, although the power supply of the DG can be recovered within several seconds, it takes 15 minutes or even longer for the
chiller to recover after a power failure. Therefore, the cooling storage time must be considered based on the backup time and the time

required for the cooling system to restore stable cooling.
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» According to the white paper on the continuous cooling system for high-density
data centers discussed by the Uptime Institute, cooling systems are classified into
classes A, B, and C. Class A is the uninterruptible cooling system, which requires
UPSs to be configured for fans and secondary pumps of precision air conditioners,
and also requires a thermal storage tank. Class B is the continuous cooling
system, which requires UPSs to be configured for fans and secondary pumps of
precision air conditioners, but does not require a thermal storage tank. Class C is
the interruptible cooling system, which requires no UPS and is stopped when the
power supply is faulty.

» Suggestions of Uptime:

= When the power consumption exceeds 4 kW/cabinet, continuous cooling
(cooling storage) can be considered.

= When the power consumption exceeds 6 kW/cabinet, continuous cooling is
recommended.




Uptime White Paper - Continuous Cooling (2)

The main function of continuous cooling is to eliminate the short-time cooling capability loss during the transfer between the mains and the DG.

Chilled |+ It has the cooling storage capability. The secondary pump and indoor unit are powered by the UPS. It uses the
water same UPS with the IT device or a separate UPS that supports online maintenance and fault tolerance.
system |+ If a primary pump is used, it must be powered by the UPS.

* Both indoor and outdoor units are powered by the UPS that is maintained online and is fault-tolerant. The same
DX system

requirement applies to split-type air conditioning systems.

100% free

cooling |+ Fans or other systems that transfer outdoor cold air indoors must be powered by the UPS.
system
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» According to the white paper on the continuous cooling system for high-density
data centers discussed by the Uptime Institute, cooling systems are classified into
classes A, B, and C. Class A is the uninterruptible cooling system, which requires
UPSs to be configured for fans and secondary pumps of precision air conditioners,
and also requires a thermal storage tank. Class B is the continuous cooling
system, which requires UPSs to be configured for fans and secondary pumps of
precision air conditioners, but does not require a thermal storage tank. Class C is
the interruptible cooling system, which requires no UPS and is stopped when the
power supply is faulty.

» Suggestions of Uptime:

= When the power consumption exceeds 4 kW/cabinet, continuous cooling
(cooling storage) can be considered.

= When the power consumption exceeds 6 kW/cabinet, continuous cooling is
recommended.




Solutions for Continuous Cooling in High-Density Data
Centers

*  For a data center that uses the chilled water system, the continuous n'"c" Storage Tanks
cooling measures are as follows: Install a thermal storage device for the
cooling source system (the cooling storage time should be at least 15
minutes). Use UPSs to supply power to the control system, indoor unit

chilled water circulating pump, and air conditioner fan.

* For a data center that uses the air-cooled DX air conditioning system, the

continuous cooling measure is as follows: Use UPSs to supply power to the

indoor and outdoor units. ZZz
; 5 i . . e
* For a data center that uses a direct or indirect evaporative cooling system, % =
the continuous cooling measure is as follows: Use UPSs to supply power to ; 2
the indoor unit cooling water pump and distributed fan. =
7 -
* For a data center that uses the direct fresh air cooling system, the # rE-Hﬂ--»
]
continuous cooling measure is as follows: Use UPSs to supply power to the = 1

inlet and outlet fans that support cooling. | Free cooting Comprassor operation
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Continuous Cooling Configuration for the Chilled Water Air

Conditioning System (1)
*  Cooling architecture of a Tier 3 data center with a thermal storage tank

Chilled water return
e -

b ool
Chilled water supply

Secondary pump
Ne+1, N=3
Chilled water
supply H

Chillpr: N+1,

N=3;

N+1p N=3
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Prirrlary pump:

A thermal storage tank is a chilled water storage device. It uses the water distribution
system to layer water of different temperatures based on the different densities of
water at different temperatures. This prevents cooling loss caused by mixing of cold
water and warm water. Generally, the thermal storage tank includes the water tank
body, water distributor, liquid level meter, temperature measuring components, thermal

insulation layer, ladder, gs, and surge protection devices.

Parallel running:

In cooling storage mode, chilled water flows in from the bottom and out from the top.
In cooling release mode, chilled water is supplied from the bottom and returned from
the top.

Set the temperature sensor along the vertical direction of the thermal storage tank.

In the Tier 3 architecture, the thermal storage tank does not require redundancy. You
can perform online maintenance as planned by disconnecting the motorized valve.

In the Tier 4 architecture, the thermal storage tank does not require redundancy and
meets the 2N architecture requirements.

Automatic cut-offvalves are configured for the water inlet and outlet pipes of the

thermal storage tank.
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Continuous Cooling Configuration for the Chilled Water Air
Conditioning System (2)

* Calculation of the volume of the water storage tank

The volume of the water storage tank can be calculated as follows:

. 3600Q
K '()'C'Al

L: designed volume (m?) of the water storage tank

I

Q: designed cooling storage capacity (kWh) of the water storage tank

K: performance index of the water storage tank. It refers to the ratio of the
output energy to the input energy of the water storage tank in a cooling
storage and release period. The value ranges from 0.85 to 0.9.

p: water density (kg/m?)
c specific heat capacity of water [kJ/(kg-K)]

At: temperature difference (K) between the supply and return water of the
water storage tank

Huawei Confidential
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Overview of the Air Conditioning System in a Data Center -
Outdoor Environment

* Outdoor air calculation specifications

Calculated Outdoor C d Calculated Average
- Calculated Dry-Bulb |  Calculated Dry-Bulb Wet-Bulb Relative | CalculatedOutdoor | 1oy o e rature | Outdoor
onstruction = Relative Humidity Average
P of the p for p the | Humidity of the for Ventilation in of the Air Wind Speed
Air Conditioner Ventilation Air C in Air C Conditioner in in Winter
Summer in Winter Summer
. Winter: | Summer: Winter: Summer: % o
Guiyang -25°C +27.1°C -25°C l +27.1°C +23°C 80% 64% +26.5°C 21m/s
T T T T T
e — ————— —- — ——
-10 -10~-5 |-5~0 _[0~5 5~1 1~12 12~20 [20~25 |26~30 |30~35 |>3§
0 0 38l 15 &3 mil—"m}ﬁj—o <
+ The annual outdoor wet-bulb temperature in
Wet-bulb temperature frequency at each level
2. Guiyang is less than or equal to 7°C for about
E|
4 .
i 2251 hours, accounting for 25.7% of the year.
§| The free cooling source can be fully used for
5
g =
CA about 93 days.
= -
Wet-bulb temperature at each level (*C)
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Overview of the Air Conditioning System in a Data Center -

Data Center Overview

* Indoor calculation specifications

Item Description Remarks
Temperature in the cold aisle or the air intake area of the cabinet 18-27°C
Relative humidity and dew point temperature in the cold aisle or the air intake area The dew point temperature ranges from 5.5°C to 15°C,
of the cabinet and the relative humidity is less than or equal to 60%. Dew
= T ” - = - formation is
Temperature and relative humidity of the auxiliary area (when equipment is Temperature: 18-28°C; relative humidity: 35%-75% not allowed.
powered on)
Temperature of the UPS and battery room 20°C-30°C

* Data center scale

@ The data center is planned to house 2202 IDC cabinets. If the power of each cabinet is 7 kW, the total IT power consumption is 12,331 kW, and the

total cooling load of air conditioners in summer is about 15,400 kW.

* Air conditioning system planning analysis

2 A cooling source system with large- and small-capacity air conditioner chillers is adopted. In the early stage of the building, the small-capacity chiller
is used when the installed capacity is small. This prevents the large-capacity chiller from running at low load, which improves the cooling efficiency of
the air conditioner, reduces energy consumption of the air conditioner, and lowers the PUE value at the initial phase of data center construction.
When the installed capacity reaches a certain value, the large-capacity chiller is used to ensure that the air conditioner works in a high-efficiency
range. This prevents the centrifuge chiller from generating surges when the load is low. The chillers are started based on the load. The large-capacity

chiller runs at full load.

47 Huawei Confidential
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» The centrifugal chiller generates surge at a load rate below 30%.
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Overview of the Air Conditioning System in a Data Center -
Solution Configuration (1)
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The figure on the left shows the flowchart

of the chilled water air conditioning system

in a data center of a project in Guiyang.

1
2
3
4
5
6.
7.
8
9
1
1
1

. Centrifugal chiller: 700 USRT

. Centrifugal chiller: 1400 USRT

. Plate heat exchanger: 2800 kW

. Plate heat exchanger: 5600 kW

. Primary chilled water pump: 390 m?/h

. Primary chilled water pump: 780 m#/h

. Secondary chilled water pump: 390 m*/h
. Secondary chilled water pump: 780 m#/h
. Cooling water pump: 540 m*/h

0. Cooling water pump: 1080 m*/h

1. Cooling tower: 2500 kW in summer

2. Cooling tower: 5900 kW in summer
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Overview of the Air Conditioning System in a Data Center -
Solution Configuration (2)

In this project, a single data center is planned to house three high-voltage variable-frequency 1400 RT chillers, one low-voltage variable-frequency 700 RT chiller, and
related auxiliary devices. Air conditioner devices, such as chillers, are placed in the bottom-layer chiller plant, and the open crossflow cooling tower is placed on the roof.
The supply and return chilled water temperatures are 10°C and 16°C, respectively. The supply and return cooling water temperatures are 30°C and 35°C, respectively.
When the data center is running with full load, start the 4200 RT chillers. The following table lists the solution configuration.

i Rated
o Capacity of a
No. | Device Name Device Model Quantity single Device
(PCS) (kw)
Centrifugal Rated (oolir:j_;sgpacity 1400 3 s
chiller (10 kv) ° o
1 10°C/16°C
Centrifugal Rated cooling capacity: 700 USRT 1 381
chiller (380 V) 10°C/16°C
Heat exchange capacity: 5600 kW 3 N/A
5 Plate heat 10°C/16°Cand 8.5°C/13.5°C
exchanger Heat exchange capacity: 2800 kW 1 N/A
10°C/16°Cand 8.5°C/13.5°C
Primary chilled Flow rate: 780 m*/h 3 55
3 water Lift: 18m
circulating Flow rate: 300 m¥/h : =
pump Lift: 18m
49 Huawei Confidential

Chiller configuration

o

The total cooling load is 15,400 kW. Generally, two to four chillers are recommended.
For a small-or medium-sized data center, two chillers are recommended. For a large-
sized data center, three chillers are recommended. For a hyperscale data center, four
chillers are recommended. In this example, three 1400 RT (4923 kW) chillers are
selected. Besides, one 700 RT unit (2461 kW) is configured to meet the cooling

requirements for low-load operation in the early stage.

Plate heat exchanger configuration

o

Determine the heat exchange capacity: Q1 = 4923 x 1.1 = 5600 kW; Q2 = 2461 x 1.1 =
2800 kw.

Determine the supply and return water temperatureson the primary side: 10°C/16°C.
Determine the supply and return water temperatures on the secondary side:
85°C/135°C.

Primary chilled water circulating pump
o Determine the flow rate: 0.86 x 4923 x 1.1/6 = 776 m*/h; 086 x 2461 x 1.1/6 = 388 m*/h.
o Determine the lift 18 m (estimated).

&2 HUAWEI
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Overview of the Air Conditioning System in a Data Center -
Solution Configuration (3)

. In this project, a single data center is planned to house three high-voltage variable-frequency 1400 RT chillers, one low-voltage variable-frequency 700 RT chiller, and related
auxiliary devices. Air conditioner devices, such as chillers, are placed in the bottom-layer chiller plant, and the open crossflow cooling tower is placed on the roof. The supply and
return chilled water temperatures are 10°C and 16°C, respectively. The supply and return cooling water temperatures are 30°C and 35°C, respectively. When the data center is
running with full load, start the 4200 RT chillers. The following table lists the solution configuration.

Davice Rated Capacity | . Secondary chilled water circulating pump
No. I;:",:r: Device Model Quantity “;:,'ig" o Determine the flow rate: The calculation methed is the same as
(PCS) (kW) that of the primary pump. (You can also calculate the flow rate
Secondary Flow rate: 780 m¥/h 3 75 based on the heat exchange capacity of the plate heat exchanger
4 | chiledwater Lift: 25 m and the temperature difference between the supply and return
circulating Flow rate: 390 m*/h ) 55 h dary side)
pump Lift: 26 m water on the secondary
Flow rate: 1080 m¥/h; lift: 30 m 3 110 o Determine the lift: 25 m and 26 m (estimated).
5 wactzflgf,..p Flow rate: 540 m*/h 1 75 Cooling water pump
Uft: 30m a Determine the flow rate: 0.86 x (4923 + 815) x 1.1/5 = 1080 m*/h.
Heat dissipation capaclty: 5300 kW In o 086 (2461 + 381) x 1.1/5 = 540 m*/h
sroow FUGECT= 3 e a Determine the lift: 25 m and 26 m (estimated).
6 c:’:\:::f - — Cooling tower

Heat dissipation capacity: 2500 kW in o Heat dissipation capacity: 5900 kW in surmmer; 5100 kW in winter
(30°C/35°C; T, = 25);

o Heat dissipation capacity: 2500 kW in summer; 2600 kW in winter
2600 kW in winter (8.5°C/13.5°C; T.= 4)
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Summary

Data Center Air Conditioning System Performance Optimization Method

Free Cooling Solution Configuration for Data Center Air Conditioners
* Continuous Cooling Solution Configuration for Data Center Air Conditioners

» Configuration Cases for Data Center Air Conditioning Systems
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1. (Single) In the water-cooled chilled water + indirect free cooling solution, which
equipment can implement heat exchange between cooling water and chilled
water without consuming power?

A. Cooling tower
B. Chiller
C. Chilled water tank

D. Plate heat exchanger

52 Huawei Confidential g’é HUAWEI

« Answer: D
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Cooling System Load Calculation and
Configuration Solution Scenario-based Training
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Foreword

* In the preparation phase of data center construction, a feasibility study
report on the cooling system is provided to help select a proper cooling
system. In this phase, we need to develop a basic configuration solution of
the cooling system. This training will guide you to develop a configuration

solution for a data center cooling system.

2 HUAWEI
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Objectives

On completion of this course, you will be able to:

o Calculate data center cooling system loads.

o Select data center air conditioner configurations and optimize the configuration

solution.

o Understand the configuration and selection principles of a chilled water system

and chillers.

o Optimize a cooling system and understand its simple configurations.

Huawei Confidential
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Trainee Grouping

* Steps for grouping trainees

o Before the training, the trainer prepares the same number of cards as the trainees. Each

three cards have the same number.
@ Trainees draw lots and those who draw cards with the same number form a group.
o Extra trainees are assigned to a group by the trainer.

o Group members determine a group name.

3 Huawei Confidential @'4 HUAWEI




Floor Plan of a Data Center
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« The floor plan is from the planning cases of [HCIE-DCF-Design] Data Center
Cooling System Planning Part 3.




Background

The figure on the right shows the layout of the second floor in a data center project.

Most equipment cabinets in the equipment room are 800 mm and 900 mm deep - — . -
‘ | Transmlsslonequlpmen(
~room

cabinets. The aisle between devices is narrow and uneven, and onsite devices are = =
= High-density2quipmentroom (R)

placed in disorder.

Now the original space needs to be re-planned for leasing. Based on different Network equipment room
service requirements, three areas with high, medium, and low density are divided - - z - - H
Medlgm-densitEequip 2 i

for deployment of different devices (blade servers, storage devices, and
communication devices). -
Data center phase 1 equipment 1200 1

All the existing cabinets must be replaced. The replaced cabinets will be stored in = “roor . - =

the warehouse and scrapped. The reconstruction follows the principle of 2400 (= LBW-déqs 'v,‘_:\‘»”t"f"“f'.l rodi (R i

standardized and modular. In addition, more cabinets need to be deployed and - = b = = = ‘1
-

the cooling airflow organization needs to be optimized. The limited area of the Data center phase 1 1

equipment room must be properly used and aisle containment is adopted to equipment room i

reduce energy consumption. In the high-density area, in-row cooling is

recommended. In the low-density area, in-room cooling is recommended. The air
conditioner configuration is designed in N+1 redundancy mode.
1 1

As the technical si rt of the project, Tom needs to make a feasibility study report 2 :
realsippo pro} oIty stucy repo Layout of the second floor in the equipment

on the cooling system to facilitate the company's decision-making. room of the xx project
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« As shown in the preceding figure, the customer equipment room consists of the
transmission equipment room, network equipment room, and phase 1 equipment
room of the data center. Most equipment cabinets in the equipment room are
800 mm and 900 mm deep cabinets, and the aisle between devices is narrow.
Due to the lack of an unified deployment plan, installation personnel often
deploy server cabinets, storage devices, and communication devices in the nearby
idle cabinets. As a result, the layout is not neat, and the direction of hot and cold
supply airflow is inconsistent with that of exhaust airflow. After re-planning, the
customer's equipment room is divided into R1, R2, and R3 areas. Different
services are deployed in different areas.




Task 1: Estimating Cooling Load of the Cooling System

* Task description

e Subtask 1: Based on the obtained materials, estimate the possible layout solutions in the R1, R2, and R3 areas
and the number of cabinets for each solution.

= Subtask 2: Calculate the cooling load of the cooling system in the areas with different power densities based on
the load calculation principle. (Do not need to consider the moisture load.)

* Taskrules

= Trainees of each group obtain the project plane information description and load statistics table from the
trainer and read the related information.

= Group members discuss and calculate for 20 minutes, and write the calculation process and results on the
electronic whiteboard. Give 1 point if the calculation task is completed, 2 points if the total load calculation
range is correct, and 1 point if the cooling load indicator value is reasonable.

= Each group explains the calculation process and how to select parameters.

6 Huawei Confidential @'é HUAWEI

« The cabinet power density varies depending on the area. Trainees can flexibly
select the cabinet power density in the table. The UPS and battery cabinet can be
deployed inside the aisle containment or not.




Layout Requirements for the Modular Data Center

* Based on the smart module layout, the following solutions are available:

I 2 1200 mm

1200 mm
Cabinet
Aisle I
z 1200 mm ! containment
200 mm

1200 mm

'

Cabinet

= 1200 mm |

Aisle
containment

I
I z 1200 mm

Cabinet

21200 mm

Single-row scenario

7 Huawei Confidential

Dual-row scenario
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Load Statistics Table of the Modular Data Center

Power Density of | (Optional) Simultaneous =~ Comprehensive

Room Name Number of Single Rack UPS Power Coefficient Coefficient (Aisle Total Cooling
Racks 9 (Recommended Containment or  Capacity (kW)
(kw) (kw)
Value) Open)
High-density (eRq1u)|pment room 10 KW-20 kW
Medium-density equipment 6 KW-10 kW
room (R2)
Low-density (eg;)lpment room 3 kKW-5 KW

Total cooling load (kW)

%
~

8 Huawei Confidential
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Task 2: Completing the Air Conditioner Configuration Reference
Table

* Task description

o Subtask 1: Discuss in group and determine the technical parameters and factors that affect the configuration of

air conditioners when the total cooling load is determined.

e Subtask 2: Read the recommendation table and use Huawei NetCol5000-A025/NetCol5000-A042 as an example
to complete the table (derating is not considered).

* Task rules
2 Group members discuss the question for 20 minutes

= Write the discussion results on the electronic whiteboard after discussion. Give 2 points for each correct factor
or parameter.

2 Give 4 points for completing the table and 2 points for drawing a conclusion. Additional points can be given if
the analysis of other models is completed.

9 Huawe Confidentia 2 HUAWEI

In many projects, the devices deployed on the customer side are not planned. In
this case, we can infer the cooling requirements based on the IT cabinet and
planned power density. In the actual implementation phase, we can then perform
forward verification. The main advantage of the bidirectional calculation is that
the whole process is self-proper. The biggest challenge of this project is that the
equipment room area on the customer side is fixed and the overall layout is not
planned based on the IT power density requirements. It is to find the best
solution in limited space. The contradiction in this case is that the power density
needs to be maximized on the customer side, but the space is limited. One more
equipment cabinet means one less cooling cabinet. The number of cooling
cabinets is in direct proportion to the IT power density and in inverse proportion
to the number of IT cabinets. We should find a balance point between the two
factors.

Exhaustion and iteration is one of the ways to solve this problem and find the
optimal solution.




Recommended Selection Table

* The cooling source of air conditioners is selected based

customer requirements, and TCO.

on the cooling capacity, cooling range,

Power Outdoor Unit Height Recommended Cooling
Scenario Floor Area Dansh Outdoor Unit Space Differeiice Solution Remarks
Micro data 2 FusionModule800 + Rack-
center £501 SN N/A 120mmto=5m mounted air conditioner
+20 mto-5m (+30 m
50-500 m? 25kw Enough to -8 m) NetCol5000-A
Insufficient or water NetCol5000-C + Purchased air-
50-500 m? 25kwW chillers are available in N/A cooled chiller
Small and the building.
medium-
sized DC +20 mto-5m (+30 m Smart module preferred, in-
50-500 m? <5kwW Enough to -8 m) NetCol5000-A room air-cooled solution
with downflow air supply
Insufficient or water
50-500 m* | <5 kw chillers are available in | N/A QISLCOROND O .
s Purchased air-cooled chiller
the building.
NetCol5000-C + Purchased air-
2
Large data 2500 m 25kW N/A N/A cooled/water-cooled chiller
center i
NetCol8000-C + Purchased air-
2
2500 m SSkw N/A N/A cooled/water-cooled chiller
10 Huawei Confidential g@ HUAWEI




Task 3: Determining the Configuration Solution

* Task 3: Based on the cooling load estimation result, equipment room level requirements, and the configuration table obtained in
task 2, each group develops a suitable air conditioner configuration solution and layout solution, fills in the following table

(humidification and power distribution are not considered), and demonstrates the table on the stage.

Number of Air Conditioners
Configuration Description (Recommended: N+1) Redundancy Description Cabinet Usage Description
For example, NetColS000A-42 kW full- P One standby for each module 13 +5 (13 IT cabinets and 5 air
sized air-cooled air conditioner conditioner cabinets)

* Discussion rules
= Group members discuss and draw a simple layout diagram, read the configuration principles, and output the recommended configuration solution.

= Each group assigns a representative to present the configuration solution, and explain the basis for selection. The trainer gives 10 points if the
configuration is reasonable and makes a summary.

= QOutput at least two different solutions and compare them in terms of layout and advantages.

@ Discussion time: 30 minutes

11 Huawei Confidential @'4 HUAWEI

« Use the table in task 2 to perform exhaustion and iteration to determine the
optimal solution. For different air conditioners, use a table to list all possibilities
and find the optimal solution on the premise that the maximum number of
cabinets is met. The answer is usually in the table.




Configuration Principles for Air Conditioners

* Principles for selecting air conditioners

o Determine whether to use in-row or in-room air conditioners based on the cost, space, and service

requirements (power density of a single cabinet).

@ |n-row air conditioners are recommended when the power density of a single cabinet is high
(higher than 5 kW).

o When air is supplied under floors or inside walls, select in-room air conditioners.
o Generally, select air conditioners of the same type in the same area.
* Principles for selecting full-sized and half-sized air conditioners

o A half-sized indoor unit's footprint is only 1/2 that of a full-sized indoor unit. When the floor area is

determined, the full-sized indoor unit is preferred.

12 Huawei Confidential @’é HUAWEI




Configuration Principles for Air Conditioners

* Principles for determining the number of air conditioners

2 The number of air conditioners is generally calculated by dividing the total cooling load by the cooling capacity of a single air
conditioner. The number is rounded up using the RoundUp function.

o |n the DX solution, the cooling capacity of a single air conditioner needs to be calculated using software or referring to charts
based on the temperature and humidity of the indoor unit (23/35° C is the recommended working condition), outdoor unit
temperature and humidity, and extreme ambient temperature and humidity.

o In the CW solution, the cooling capacity of a single air conditioner needs to be calculated using software or referring to charts
based on the temperature and humidity of the air conditioner (23/35° C is the recommended working condition) and chilled
water supply and return (such as high-temperature chilled water) working condition.

o For example, assume that the total load is 125 kW, and the cooling capacity of a single air conditioner is 39 kW (calculated
based on the software model).

RoundUp (125/39,0) = RoundUp (3.206,0) =4

o When determining the number of air conditioners, backup air conditioners need to be considered. You can comply with the

backup requirement of customers. If there is no requirement, configure one backup air conditioner (N+1) when there are less

than or equal to seven air conditioners, and two air conditioners (N+2) when there are more than eight air conditioners.

13 Huawei Confidential g@ HUAWEI

+ Software link:
http://3ms.huawei.com/hi/index.php?app=Group&mod=Core&act=showSectionDa
ta&id=1469723&gid=2031921




Configuration Principles for Air Conditioners

* Principles of configuring the power supply

o Air conditioners with dual power supplies (one serves as the primary supply and the other serves as the standby supply) are
preferred. During power distribution, half of air conditioners use route A as the active route and route B as the standby route.
The other half of air conditioners use route B as the active route and route A as the standby route. This works for both in-room

air conditioners and in-row air conditioners.

o |If continuous cooling is required, a UPS can be deployed in addition to the preceding two routes of power supply.

Route A (primary) Route B (standby) Route A “WI‘: B
r,ﬂ === == =M= == EnEnEn UPS-AIC-A UPS-AIC-B ]
ENENENE] E(E[E 1 HEHE EIE(E] I
[ Ll le | &l & el &z HH |
alJL= l . ILE by PDF-A PDF-8 ‘
) Cold Aisle of Computer Room i lf L ‘J
ke = . - .3 | = — = -
maRE =1 = N EE ARE r 3 wu |3
1 EllE (¢ g1 & 1 HE 1K E g g
L° L edle)le gl & s fl el 8l 2 L)L ces
Route B (primary) Route A (standby)
Power supply solution Dual power supply solution
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Configuration Principles for Air Conditioners

* Humidification solution selection principles
@ |n most cases, deploy two humidification (heating) air conditioners in the same area. If one air conditioner is
faulty, the other air conditioner keeps working. Air conditioners are interlaced and kept a certain distance in
between.
e Humidification capacity calculation formula: W = p x V x (d1 - d2) x 1.2

where p indicates the air density 1.2 kg/m?, V indicates the dehumidification space volume (m?), d1 indicates the
air moisture content after humidification, d2 indicates the air moisture content before humidification, and 1.2 is
the insurance coefficient.

o For example, assume that the volume of a room is 700 m®. Before humidification is performed, the temperature
is 25° C, and the relative humidity is 30% (the absolute humidity d2 is 5.983 g/kg as specified in the
psychrometric chart). After humidification is performed, the temperature is 25° C, and the relative humidity is
50% (the absolute humidity d1 is 10.037 g/kg as specified in the psychrometric chart).

Humidification capacity W = p x V x (d1 - d2) x 1.2 = 1.2 x 700 x (10.037 - 5.983) x 1.2 = 4.086 kg

15 Huawei Confidential g@ HUAWEI




Task 3: Reference Layout
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Task 3: Reference Layout
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Task 4: Discussing and Determining a Chilled Water System

* Task description

Discuss in groups about the following questions: According to
the five classification methods of chilled water system of air
conditioners in intensive lectures, what factors need and need
not to be considered in the feasibility study phase when a
chilled water system is selected in this project? If the chilled
water system shown in the figure on the right is configured, can
the system meet the fault tolerance requirement and why?

* Task rules

Each group discusses the two questions for 15 minutes and
writes the discussion results on the electronic whiteboard.

Each group presents its answers and reasons. Give 1 point for
each correct factor.

Huawei Confidential
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Reference Answers to Task 4

* Reference answer to question 1

Closed or open chilled water system: The open chilled water system has a high lift and consumes a large amount of energy.
Water in the cooling system is in direct contact with the air, which easily causes pipe corrosion.

Supply or return water mode: Only cooling is considered for air conditioners in data centers. Therefore, two pipe systems are
used.

Direct return system or reverse return system: This item needs to be considered in the drawing design phase and is not
considered in the feasibility study phase.

Constant flow system or variable flow system: The water flow is determined according to the maximum load. The water supply
volume of air conditioners is greater than that the water volume required by the actual load in most of the time. The energy
consumption of the water pump is always in designed maximum value, which does not meet the energy saving requirements of
the data center and needs to be considered.

Primary pump system or secondary pump system: The secondary pump system can adapt to the situation with high differences
in the lift capacity and water supply radius of each area. It can save the transmission energy, but the initial investment is large.
The primary pump system is simple, but it cannot adapt to the situation with high differences in the lift capacity and water
supply radius. It is applicable to small- and medium-sized cooling systems.

Huawei Confidential g@ HUAWEI




Task 5: Selecting Devices and Optimizing the Chilled Water System

* Task description

o Subtask 1: Assume that the chilled water in-row solution is selected and two chillers listed in the table are selected. Discuss in

groups whether the chillers can meet the requirements.

o Subtask 2: If the data center is built in a subfrigid zone and the time when the temperature is lower than 20° C accounts for
more than half of a year, what methods can be used to save energy and reduce the PUE?

o Subtask 3: If the customer uses the direct ventilation solution, calculate the required cooling capacity.

* Task rules s pc,(t, - t,) cations of xoox Ce

o Group members discuss whether the chillers can meet the cooling requirements in the high-, medium-, and low-density areas,
and whether the redundancy and device selection are reasonable. What are the supply and return water temperatures?

o Each group discusses and proposes some feasible energy-saving solutions from the perspective of the system.

o Discussion time: 20 minutes
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Reference Answers to Task 5

In winter, the outdoor low-temperature air can be used for cooling (known as free cooling technology).

= Add an energy-saving heat exchanger to the system. The heat exchanger is not used in summer. When the outdoor temperature is 2° C lower than

the outlet temperature of the chillers, the central cooling system dissipates heat in the equipment room through the chilled water pipes, energy-
saving coil pipes, and cooling tower to outdoors and reduces the equipment room temperature. In this way, the runtime of chillers can be reduced
and the operating costs of the cooling system can be saved.

* Variable-frequency water pump technology

@ Variable-frequency pumps are commonly used in China. Compared with constant-frequency pumps, variable-frequency pumps feature less power

consumption, regulated pressure function, less impact on the power system, less noise, and low temperature rise of pump motors. However, its
investment is twice that of common constant-frequency pumps.
* Optimized airflow organization in the equipment room
= Based on the rack layout and heat dissipation requirements, the low-density downflow air supply and upflow air return is used. In the high-density
area, the cold aisle containment and in-row solution are adopted, and isolated aisles are configured. In the medium-density area, a proper airflow
organization mode is used according to the heat dissipation capacity.

Optimized control policy: Improve the efficiency of the chillers and reduce the energy consumption of the water pump. Set the
supply and return water temperatures to 10° C/16° C.

pal Huawei Confidential g@ HUAWEI

Pay attention to the use of the indirect evaporation technology and direct
ventilation free cooling technology.




Task 6: Providing Cooling System Configuration Suggestions

* Task description

@ According to the answers of tasks 1 to 5, determine the configuration of the cooling system and provide suggestions about the
following aspects.
* Cooling source type: water-cooled cooling system or air-cooled DX system
* Energy-saving technical specifications: indirect free cooling technology or variable-frequency water pump technology
* Power density planning for a single cabinet
* Technology adopted to improve the utilization of cold air: Cabinets are deployed in face-to-face and back-to-back mode. In addition, the cold or
hot aisle containment technology is used.

= The indoor units are configured in N+X mode by room or module.

The pipes of the cooling system are deployed in redundant (or backup) mode.

The cooling sources are also configured in N+X mode.

* Comprehensively consider system reliability and other requirements.

@ Group members discuss and complete the table from the perspective of the system. Give 2 points to the group that completes

the table.
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Task 6: Reference Table

Item

Description

Others

Configuration description

Power density planning for a single cabinet

Cooling source type

Cooling source of the air conditioner: configured in N+1 mode

Energy-saving technology

Airflow organization mode

The indoor units are configured by room or module.

Pipe deployment for the cooling system

Continuous cooling requirement

Restrictions on the onsite environment

Fresh air system

Exhaust system

23 Huawei Confidential
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Answer the following questions:

1. If UPSs are deployed in the data center in this project, how to configure the air
conditioners?

2. What are the causes for the difference between the load calculated in task 1 and

the final load?

&2 HUAWEI
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« 1. UPS heat dissipation needs to be considered and calculated.

« 2.Different calculation coefficients and calculation methods are used. The
supported power density is different.




Summary

* Calculate data center cooling system loads.

* Select data center air conditioner configurations and optimize the
configuration solution.

* Understand the configuration and selection principles of a chilled water
system and chillers.

* Optimize a cooling system and understand its simple configurations.
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Huawei Certificate System

Huawei Certification follows the "platform + ecosystem" development strategy,
which is a new collaborative architecture of ICT infrastructure based on "Cloud-Pipe-
Terminal". Huawei has set up a complete certification system consisting of three
categories: ICT infrastructure certification, Platform and Service certification and ICT
vertical certification, and grants Huawei certification the only all-range technical
certification in the industry.

Huawei offers three levels of certification: Huawei Certified ICT Associate (HCIA),
Huawei Certified ICT Professional (HCIP), and Huawei Certified ICT Expert (HCIE).
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Data Center Cooling System
Configuration

1.1 Data Center Cooling System Requirements

1.1.1 Description of a Data Center Cooling System

In most cases, precision air conditioners dedicated for data centers ensuring a constant
temperature and humidity are used based on the actual conditions. With such a cooling
system, a stable and good data center environment can be built.

Environment devices in data centers produce a large amount of heat and little moisture.
The heat is intensively distributed. That means 95% of the heat generated by data center
devices is sensible heat. The heat is large, the humidity is small; therefore the heat humidity
ratio is very high. In this case, air treatment is a cooling process with constant humidity.
The enthalpy difference is small. Large air volume is an inevitable choice to eliminate the
residual heat.

In addition, communications devices, network devices, and servers in data centers must run
uninterruptedly around the clock. Therefore, the cooling system needs to run
uninterruptedly throughout the year.

Therefore, it is a common practice in the industry to calculate the cooling capacity of a
data center based on the enclosure features (including the wall, ceiling, ground, floor; other
factor like building direction, material of external and internal walls, door and window type,
gap, and heat dissipation), personnel heat, and lighting heat, fresh air load, and heat
dissipation of each device in the data center, and then determine the air conditioner
capacity. The air environment parameters of a data center cooling system need to be
specified based on the actual situation.

It should be noted that the data center environment is implemented by air conditioners.
The following requirements must be met to ensure the cleanness of the data center:

> Seal the enclosures of data centers to keep cleanliness.

» Maintain positive pressure in data centers to avoid erosion by dirty air. Purify fresh air
must by two kinds of filters, that is, primary filter and sub-high efficiency filter. In this
way, the air quality of data centers will be greatly improved.

» Install medium-efficiency filters in air conditioners and replace the filters periodically
to ensure continuous air purification during air circulation.
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Training

2.1 Training Description

2.1.1 About This Training

This training aims to help trainees select appropriate air conditioner models, develop a
cooling system solution, and select a layout mode and air supply mode based on the
requirements of an actual project to finally determine the cooling system configuration
and complete the feasibility study on the customer side.

2.1.2 Training Objectives

® Air conditioner selection standards
® Configuration calculation method

e |oad statistics and processing

2.1.3 Training Background and Requirements

The following figure shows the layout of the second floor in a data center project. Most
equipment cabinets in the equipment room are 800 mm and 900 mm deep cabinets. The
aisle between devices is narrow and uneven, and onsite devices are placed in disorder.

Now the original space needs to be re-planned for leasing. Based on different service
requirements, three areas with high, medium, and low density are divided for deployment
of different devices (blade servers, storage devices, and communication devices).

All the existing cabinets must be replaced. The replaced cabinets will be stored in the
warehouse and scrapped. The reconstruction follows the principle of standardized and
modular. In addition, cabinets need to be deployed as many as possible and the cooling
airflow organization needs to be optimized. The limited area of the equipment room must
be properly used and aisle containment is adopted to reduce energy consumption. In the
high-density area, in-row cooling is recommended. In the low-density area, in-room cooling
is recommended. The air conditioner configuration is designed in N+1 redundancy mode.

As the technical support of the project, Tom needs to make a feasibility study report on
the cooling system to facilitate the company's decision-making.

The following figure shows the onsite layout.

The area is 7.9 m x 19.6 m. The areas of the three areas are almost the same. When
reconstructing the layout, Tom needs to calculate the maximum number of IT cabinets
supported in the area and finds the optimal solution through iteration in advance.

The specific layout requirements are as follows:
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Cabinets are 2400 mm away from the entrance, 1200 mm away from the walls, and the
distance between modules is 1200 mm.

i — =
Transmission equipment room il
1
. 1
1
2400 P - :
0020001 20000 2000 2000 200600 20000 2001 200
sl = vl
Network equipment room ¥
| = = = = H
i
1
- e 1
£l
= : i
1
Jisee]
Data center phaseFequipment room 4200 ‘,
= =i . - 1
ot : :
2400 15 |
= '
&= = e
Data center phase 1 i)
equipment room :
3
:
1
1
1
s = =
i
)
)
'

Figure 2-1 Data center layout diagram

The total area of the data center is about 155 x 3 square meters, and the net height is
about 4.5 meters.

2.1.4 Planning Methods

The heat load of the data center mainly comes from the heat generated by the devices
and the heat load of the maintenance structure. Therefore, you need to know the quantity
and power consumption of the main devices to determine the capacity and configuration
of the precision air conditioners. Based on previous experience, except for heat load of
main devices, other heat load, such as lighting load, maintenance structure load,
supplementary fresh air load, and personnel heat load can be determined by multiplying
related coefficients. The error is acceptable to customers. If accurate calculation conditions
are not met, you can calculate cooling load based on equipment room area and experience.

1. There is no complete layout plan for the data center. So the space is planned based on
the module layout requirements.

2. Calculate the number of cabinets based on the layout and calculate the cooling
requirement of the cabinets with full load.

3. Select appropriate air conditioners and meet the N+1 redundancy requirement.
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2.1.5 Planning Steps

Step 1

Step 2

Step 3

Step 4
Step 5

Step 6

Step 7
Step 8

Calculate the maximum number of cabinets that can be supported to obtain the
general range of IT loads that can be supported.

Configure the UPSs based on the IT load power. (You can choose whether to deploy
the UPS in the aisle containment. It is recommended that the UPS not be deployed
in the aisle containment.)

Calculate the cooling loads in different areas.
Analyze the application scenario type.

Determine the air conditioner type. (Take Huawei air conditioners as an example.
Select two in-row solutions.)

Select air conditioners, develop a configuration solution, and verify whether the
solution meets the requirements.

Determine the air supply modes.

Develop a feasibility study report.

2.2 Task Description

2.2.1 Task 1: Estimating Cooling Load of the Cooling System
2.2.1.1 Description

Subtask 1: Based on the obtained materials, estimate the possible layout solutions in
the R1, R2, and R3 areas and the number of cabinets for each solution.

Subtask 2: Calculate the cooling load in the areas with different power densities
based on the load calculation principle. (Do not need to consider the moisture load.)

Task execution rules:

Trainees of each group obtain the plane information description and load statistics table
of the project from the trainer and read the related information.

Trainees discuss and calculate for 20 minutes, and write the calculation process and results
on the electronic whiteboard. Give 1 point if the calculation task is completed, 2 points if
the total load calculation range is correct, and 1 point if the cooling load indicator value is
reasonable.

Each group explains the calculation process and how to select parameters.

Tip: You can use the load statistics table in the smart module layout slides.
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2.2.2 Task 2: Completing the Air Conditioner Configuration
Reference Table

2.2.2.1 Task Arrangements

e Subtask 1: Discuss in group and determine the technical parameters and factors that
affect the configuration of air conditioners when the total cooling load is
determined.

e Subtask 2: Read the recommendation table and use Huawei NetCol5000-
A025/NetCol5000-A042 as an example to complete the table (derating is not
considered).

Item

12 16 20 24 28 32 36 40

2.2.3 Task 3: Determining the Configuration Solution

e Task description: Based on the cooling load estimation result, equipment room level
requirements, and the configuration table obtained in task 2, each group develops a
suitable air conditioner configuration solution and layout solution, fills in the
following table (humidification and power distribution are not considered), and
demonstrates the table on the stage.

2.2.3.1 Air Conditioner Selection Rules

Determine whether to use in-row or in-room air conditioners based on the cost, space, and
service requirements (power density of a single cabinet).

If the power density of a single cabinet is higher than 5 kW, select in-row air conditioners.
If the power density of a single cabinet is 8 kW or lower, select in-room air conditioners.

When air is supplied under floors or inside walls, select in-room air conditioners.

Generally, select air conditioners of the same type in the same area.

2.2.3.2 Rules for Determining the Number of Air Conditioners

The number of air conditioners is generally calculated by dividing the total cooling load by
the cooling capacity of a single air conditioner. The number is rounded up using the
RoundUp function. The cooling capacity of a single air conditioner is calculated using
software based on the indoor unit temperature and humidity (23/35° C is recommended
in design working conditions) and outdoor unit temperature and humidity (extreme
temperature and humidity).

For example, assume that the total load is 125 kW, and the cooling capacity of a single air
conditioner is 39 kW (calculated based on the software model).

RoundUp (125/39,0) = RoundUp (3.206,0) = 4
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When determining the quantity of air conditioners, standby air conditioners need to be
considered. If the quantity of air conditioners is less than or equal to 7, one air conditioner
is added as the standby air conditioner (N+1). If the quantity of air conditioners is greater
than or equal to 8, two air conditioners are added as standby air conditioners (N+2).

2.2.3.1 Rules for Selecting a Power Supply Solution

Air conditioners with dual power supplies (one serves as the primary supply and the other
serves as the standby supply) are preferred. During power distribution, half of air
conditioners use route A as the active route and route B as the standby route. The other
half of air conditioners use route B as the active route and route A as the standby route.
This works for both in-room air conditioners and in-row air conditioners.

If continuous cooling is required, a UPS can be deployed in addition to the preceding two
routes of power supply.

Example:
Route A (primary) Route B (standby)
‘ - = E] 5 = =1 5 = 3 5 S g g ;
» = = N =z z = z = z : ? ? :
I E3 | S 2l = [l 3 3 3 (| 2|l 3|l 3
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i : = —
“ 5 S 5 5 e 5 5 = 5 é 3 ; 3
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® = x 2 = = = = x = X = 2 2
L @ & @ ® ® @ @ @ @ @ @ @ @
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Route B (primary) Route A (standby)

2.2.3.2 Humidification Solution Selection Rules

In most cases, deploy two humidification (heating) air conditioners in the same area. If one
air conditioner is faulty, the other air conditioner keeps working. Air conditioners are
interlaced and kept a certain distance in between.

The formula for calculating the humidification capacity is as follows:
W=pxVx(d -d)xCx1.2

Where: p indicates the air density (1.2 kg/m), V indicates the dehumidification space
volume m, d; indicates the air moisture content after humidification, d, indicates the air
moisture content before humidification, and 1.2 is the safety coefficient.

For example, assume that the volume of a room is 700 m3. Before humidification is
performed, the temperature is 25°C, and the relative humidity is 30% (the absolute
humidity d is 5.983 g/kg as specified in the psychrometric chart). After humidification is
performed, the temperature is 25°C, and the relative humidity is 50% (the absolute
humidity d; is 10.037 g/kg as specified in the psychrometric chart).

Humidification capacity W=p xV x (d1 -d2) xCx 1.2 =1.2x 700 x (10.037 - 5.983) x 1.2
= 4.086 kg
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If the humidification capacity of a humidifier is 4.5 kg/h, two dehumidifiers are required.

One active and one standby.
The following figure shows the layout of precision air conditioners with the humidification

function.
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2.2.3.3 Outdoor Unit Selection Rules

Determine whether the outdoor unit is a T1 or T3 (for areas where the ambient
temperature is greater than 45°C) unit based on the local ambient temperature.

If the ambient temperature is less than -20°C, add a low-temperature component.

Select A, B, C, and D outdoor units according to local environmental classes.

2.2.3.4 Selection Process

Use the blue column in the following table as an example. If the total number of cabinets
is 12, this column lists all possible situations in the 25 kW air-cooled scenario. You only
need to select a solution as required. In other scenarios, you can obtain the final solution
by making an exhaustion table like this.

Reference solution:

For a single smart module, if the total number of cabinets is 18, you can deploy 12 or 16
IT cabinets. It is recommended that you select an even number of cabinets to facilitate
symmetrical installation and layout. You can also list the solutions with odd number of
cabinets in the table.

For example, if 16 IT cabinets are installed, you can only deploy four Netcol5000-A25 kW
air conditioners, and the power density of a single cabinet is 3 kW.

Item Quantity Remarks
Netcol5000-A25 kW 4 One redundancy beside the module
Netcol5000-A26 kW 4

Accessories XX
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2.2.4 Task 4: Discussing and Determining a Chilled Water System

Discuss in groups about the following questions: According to the five classification
methods of chilled water system of air conditioners in intensive lectures, what factors
need and need not to be considered in the feasibility study phase when a chilled
water system is selected in this project? If the chilled water system shown in the slide
is configured, can the system meet the fault tolerance requirement and why?
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2.2.5 Task 5: Selecting Devices and Optimizing the Chilled Water
System

e Subtask 1: Assume that the chilled water in-row solution is selected and two chillers
listed in the table are selected. Discuss in groups whether the chillers can meet the
requirements.

Device Name Specifications Quantity Input Power

Centrifugal chiller 300 RT 2 Xxx kW

e Subtask 2: If the data center is built in a subfrigid zone and the time when the
temperature is lower than 20°C accounts for more than half of a year, what methods
can be used to save energy and reduce the PUE?

e Subtask 3: If the customer uses the direct ventilation solution, calculate the required
cooling capacity.
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2.2.6 Task 6: Providing Cooling System Configuration Suggestions
2.2.6.1 Summary

Air conditioner configuration suggestions
Cooling source type:
Power density of a single cabinet:
Technology adopted to improve the utilization of cold air:

Pipeline deployment:
Cooling source of the air conditioner:

The following uses the high-density area as an example. The configurations of air
conditioner loads and cooling sources are as follows:

No. Item Air Conditioner Load
1 Air conditioner load

2 Air conditioner configuration

3 Chiller configuration

Others
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Foreword

* With the development of information technologies, data center facility has become
increasingly important. The reliability of the facility determines service continuity.
The management of key facilities in data centers has gradually evolved from
traditional monitoring to unified management and intelligent operation and
maintenance (O&M), that is, Data Center Infrastructure Management (DCIM).
Designing the DCIM system properly will be the core work of data center O&M
teams.

* The slides describe the DCIM concept, differences between DCIM and traditional
power and environment monitoring systems, and DCIM development trend, and
introduce knowledge related to the DCIM system planning.
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Objectives

On completion of this course, you will be able to:
o Describe the DCIM concept.

o Distinguish the DCIM and traditional power and environment monitoring
systems.

o Understand the DCIM development trend.

o Describe the DCIM planning considerations and process.
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Contents

1. DCIM System Overview

2. Relationship Between DCIM, Power and Environment Monitoring, BMS,
and ITSM

3. DCIM Development Trend
4. DCIM Planning Process
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What is DCIM?

* Data center infrastructure management (DCIM) is a unified management platform for data center

infrastructure and IT equipment. It can maximize data center operation efficiency and improve data

center availability through data analysis and aggregation.

4
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DCIM is a hot topic in the data center operation and management field in recent
years. It originated from countries outside China. Different organizations have
different definitions of DCIM. However, it is widely recognized that the DCIM
system or tool can build a bridge between data center infrastructure and IT
equipment to help operators manage data centers and improve operation
efficiency.

o

Gartner defines DCIM as follows: DCIM tools monitor, measure, manage,
and/or control data center utilization and energy consumption of all IT-
related equipment (such as servers, storage and network switches) and
facility infrastructure components (such as power distribution units and
computer room air conditioners [CRACs]).

Wikipedia defines DCIM as follows: DCIM is the integration of information
technology (IT) and facility management disciplines to centralize
monitoring, management and intelligent capacity planning of a data
center's critical systems. Achieved through the implementation of
specialized software, hardware and sensors, DCIM enables common, real-
time monitoring and management platform for all interdependent systems
across IT and facility infrastructures.

« Gartner: Gartner Group is the first company to conduct information technology

research and analysis, providing specialized services for technology users in need.




Why DCIM Appears?

| — mana es

Industrial technologies develop, S St ? 5 p
advanced management concepts are lepends on human resources an:
introduced, and services are converged. \g its quality is difficult to be ensured.

It is difficult to coordinate and analyze

subsystem data as their display modes
are different.

IT service equipment and infrastructure As the business process is unclear, errors

management are separated. are prone to occur when changes occur.

Why DCIM appears?
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Existing data center infrastructure has
many problems.

» Problems in O&M of traditional data center infrastructure

= With the development of industrial technologies, introduction of advanced
management concepts, and service convergence, the traditional power and
environment monitoring mode that focuses on infrastructure management
cannot meet O&M requirements of enterprises and organizations for data
centers.

= According to an Internet Data Corporation (IDC) report, 84% of data
centers in the market face problems in cooling, power supply, space, and
load bearing. These problems include prolonged application rollout time,
increased operational expenditure (OPEX), and service interruption.

= In a traditional data center, IT equipment and infrastructure are managed
by different departments. Manual organization structure division facilitates
personnel management and division of rights and responsibilities to some
extent, but it increases communication costs between departments, reduces
the O&M efficiency of a data center, and increases the risk of data center
accidents to some extent.

« IDC: International Data Corporation, a world-renowned market consultation and
event service provider in IT, telecommunications, and consumer technology. Its
market tracking data in IT has become an industry standard.




DCIM Benefits

* The formula for calculating data center costs: TCO = CAPEX + OPEX.

Displays key energy consumption indicators
in real time and analyzes and optimizes
them initiatively.

Implements visualized management of ” Monitors power consumption of data center
resources and monitors space, power, servers in real time to detect low-load and
and cooling (SPC) in real time to avoid no-load servers, providing basis for
repeated and excessive investment. - and optimization.

DCIM benefits h

Improves resource utilization and .
increases return on investment (ROI).

Huawel Confidential &2 HUAWEI

« CAPEX = Strategic investment + Rolling investment.

« OPEX = Maintenance costs + Marketing costs + Labor costs (+ Depreciation).

» Reduces CAPEX:

a

Improved resource utilization and increased revenues: For data centers,
each U space is a valuable resource. The ROI can be increased by improving
equipment utilization and prolonging the service life of a data center.

Visualized modeling and quantitative monitoring of SPC: DCIM can perform
visualized modeling for a data center and monitor its capacities, such as
power, cooling, and space. In the design of a data center, redundancy is
considered to improve reliability. In addition, the power consumption of a
server cannot reach its nameplate specifications. Therefore, the actual
capacity of each rack cannot be fully used. DCIM provides real-time and
refined management, which enables users to learn about the resource
usage of each rack and the entire data center in real time, thereby
improving asset utilization, prolonging the service life of the data center,
and saving investment.

» CAPEX: Capital Expenditure.

» OPEX: Operating Expense.

« PUE: Power Usage Effectiveness.

« WUE: Water Usage Effectiveness.

» CUE: Carbon Usage Effectiveness.




Reduces OPEX:

a

Data centers are energy-hungry. Electricity costs account for a large
proportion of O&M costs. Therefore, the DCIM system must monitor key
energy consumption indicators such as the power usage effectiveness (PUE)
of a data center and display energy consumption of IT equipment and
infrastructure equipment in real time. In the future, it should also be able to
monitor the water usage effectiveness (WUE) and carbon usage
effectiveness (CUE).

The DCIM system can collect information such as server power
consumption and CPU usage to identify low-load and no-load servers in a
data center. These servers are consolidated or removed from racks to
improve equipment utilization and reduce power consumption of the data
center. In addition, by combining life cycles of IT equipment and energy
consumption information of servers, the DCIM system can eliminate some
old servers with weak computing capabilities but high energy consumption
to further save energy and improve efficiency.



DCIM Software Components

* During the design of DCIM software, the following components need to be considered: basic framework, application

framework and web integration framework, maintenance tool framework, platform interfaces, and running

environment (operating system and database).

Basic framework

» Communications bus

» Distributed partition
management

» Persistence layer service

» Web user interface (Ul)
components

Maintenance tool
framework

» Installation and
deployment

» Backup and restoration

» System monitoring

» Component
management

8 Huawei Confidential

Application framework and
web integration framework

» Common applications

» Operations
management

» O&M management

» Energy efficiency
management

Platform interface

» Open API
» Northbound service

2 HUAWEI

« Basic framework:

= Communication bus: refers to communication trunk lines that transmit

information among functional components of the DCIM software.

= Distributed partition management: The system framework provides multiple

processing threads and service partitions.

= Persistence layer service: allows users to query, insert, update, and delete

data.

= Web Ul component: a component of the web user interface (Ul).

« Application framework and web integration framework:

= Common applications: involve fault management, topology management,
equipment access management, security management, and performance

management.

= Operation management: includes asset management and capacity

Mmanagement.

= Energy efficiency management: manages the energy efficiency of managed

objects or regions.




* Maintenance tool framework:

= Installation and deployment: Maintenance tools should be able to install
and deploy the DCIM software.

o Backup and restoration: Maintenance tools should be able to perform
system backup and restoration.

o System monitoring: The DCIM software can be monitored and managed by
maintenance tools.

o Component management: DCIM software functions and services can be
added or deleted through maintenance tools.

« Platform interfaces:

o Open API: An API is an application programming interface. In the Internet
era, services of websites or software are encapsulated into a series of data
interfaces that can be easily identified by computers and opened to third-
party developers. This behavior is called open API. The platform that
provides open APIs is called an open platform.

= Northbound service: Interconnects with northbound third-party
management systems.



DCIM Hardware Components

* DCIM hardware consists of intelligent interfaces, sensors, collection devices, servers (processing and
storage), network transmission devices, and display devices.

Intelligent interfaces and sensors Display devices

Collection device Network transmission devices

10 Huawei Confidential g@ HUAWEI
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Relationship Between DCIM and Power and Environment
Monitoring

. Traditional Power
¢ A nter nsi f r n : 5
data center consists of a power supply and System Functions and Environment DCIM System
distribution system, cooling system, fire extinguishing Monitoring System
system, power and environment monitoring system, Real-tme Sgnia’s ad ul
. . X . . Alarm management v v
integrated cabling system, lightning protection and Necass control 7 7
grounding system, cabinet system, and decoration management
Battery monitoring v v
system. System management v v
5 g . Video management v v
* A power and environment monitoring system monitors
Report management v v
and controls power and environment equipment. A " oGy management x 7
DCIM system implements unified management and Asset management x M
dynamic optimization of all infrastructure in a data | ersonnel management X X
Energy efficiency % J
center. The DCIM system is an upgraded version of the management
s g Process management X v
power and environment monitoring system. : ———
Cooling optimization X v
Tenant management x v
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From the perspective of operation management, the main differences between
the DCIM system and the power and environment monitoring system lie in data
association, analysis, and optimization capabilities. The power and environment
monitoring system focuses on real-time signals and alarms of key infrastructure,
such as the method to converge and manage alarms timely after a fault occurs.
The DCIM system focuses more on the integrity of O&M business. In addition to
basic functions, the DCIM system supports comprehensive analysis of data center
infrastructure based on collected data and provides service assistance and
support from multiple dimensions, such as planning, optimization, prediction, and
change.




Relationship Between DCIM, BMS, and ITSM

* Relationship between DCIM and BMS:

= In the early stage, a building management system (BMS) was used to implement power and environment
monitoring for data center. In addition, subsystems such as access control management, video surveillance, and
lighting control were integrated.

© The DCIM and BMS have same functions in critical infrastructure monitoring. However, in addition to that, the
DCIM focuses more on monitoring, analysis, and comprehensive view display of key equipment such as cooling

and power supply and distribution equipment.

* Relationship between DCIM and ITSM:

= With changes of data center O&M requirements, the traditional power and environment monitoring system
gradually evolves to the DCIM system. IT monitoring management gradually evolves from traditional network
monitoring to IT service management (ITSM).

= |TSM focuses on logical infrastructure (such as operating systems, applications, and networks) management,
while DCIM focuses on physical infrastructure management.

13 Hoawe Confidential &2 HUAWEI

BMS: Building Management System.
ITSM: IT Service Management.

The DCIM system provides data center floor plan and asset capacity
managements that are not involved in traditional BMS and ITSM, integrates
multiple separated subsystems in a data center, and provides a unified
management platform.
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DCIM Development Trend - Cloud Convergence

* As the data center construction scale increases, O&M management becomes more complex and professional requirements for it
become higher. Cloud services can be used to provide cloud-based capabilities of the DCIM system for more efficient, quick, and

professional O&M management of data centers and sharing of O&M resources.

= Implementation mode: A cloud service agent is embedded in the DCIM server. Based on cloud technologies, the DCIM cloud service platform provides
remote maintenance and management services for DCIM.

@ Maintenance tools: The virtualization technology is used to release IT tools required by maintenance projects on the cloud for engineers to use

Data center %
1]
o~
\ ey 7 7 X DCIM server l
@ / /" Cloud service \
)

} @ platform A -
\ Web terminals u
Ga Maintenance tools / b
(X4 J - »
O&M teams < 3 7 services
N~ S g

Agent
Mobile terminals

anytime and anywhere, simplifying O&M.

Access
portal
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» Cloud services: They are adding, usage, and interaction models of Internet-based
services. Cloud services are used to provide dynamically scalable and virtualized
resources over the Internet. The term "cloud" is a metaphor for networks and the
Internet. In the past, it was used to represent telecommunication networks. Later,
it was also used to represent the Internet and an abstraction of underlying
infrastructure. Cloud services refer to on-demand and scalable services obtained
through networks. The services can be related to IT, software, and the Internet,
and can also be other services.

« A cloud service agent is embedded in the DCIM server. Based on cloud
technologies, the DCIM cloud service platform provides remote maintenance and
management for DCIM. In this way, functions of the DCIM server can be released
as cloud services. Authorized maintenance personnel can log in to the DCIM
cloud service platform anytime and anywhere. From the perspective of
maintenance personnel, it is as convenient as operating or viewing local
equipment, and has high security and traceability. The cloud service agent builds
management and data transmission channels between the data center target
equipment and the DCIM cloud service platform. Users can configure the list of
equipment that needs to be managed and controlled in the cloud service agent.




DCIM Development Trend - Intelligent O&M
* Data center infrastructure O&M has gradually shifted from manual experience to process-based and standardized
O&M, and will be intelligent in the future, improving O&M quality and efficiency greatly.

» An automation system is responsible for repetitive O&M works.
> Analytical works are completed with the aid of new technologies,
such as cloud computing.

» Reduces human resource investment greatly.

» Promotes the transformation of O&M personnel.

Streamlined process
and standardization

» Develops a mechanism and system tools to drive manual work.

\ » Solidifies experience and knowledge based on standards and processes.
» Performs quantitative analysis of human resource allocation.

> A large number of O&M personnel are required.
\

Manual experience
pe . » Experience and knowledge cannot be transferred in a standardized manner.

' » The O&M quality completely depends on personal experience and stability.

16 Huawei Confidential
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Intelligent O&M - Electronic Inspection

* Electronic equipment room inspection and auxiliary mobile apps greatly reduce routine O&M labor hours.

Inspection route planning Mobile room inspection

I
L r

|

\

—

Allows users to customize inspection routes,
bind inspection equipment or areas, and edit
the inspection sequence.

Generates and dispatches scheduled and
automatic inspection tasks to related
owners.

=i
a

Allows users to submit inspection results in
one-click mode.

Performs proactive notification of inspection
tasks and content integrity self-check to
ensure that the room inspection is completed
timely with high quality.

» Allows inspection owners to use mobile apps Meter reading can be automatically and timely.
to automatically receive inspection tasks. remotely completed, eliminating the need for
manual meter reading and greatly reducing
K labor hours for manual inspection. SN _J

One-click inspection report

» Automatically generates an
inspection report to evaluate the
room health.

» Traces and collects statistics on
room inspection progress in real
time, and displays expired tasks

Huawei Confidential
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Intelligent O&M - Unattended Inspection

* Inspection items of a traditional data center include collection of signals, sound, images, odor, and others (such as appearance).
DCIM uses new technology to implement unattended inspection, simplifying inspection and reducing manual workload.

Scheduled automatic inspection
Automatic report generation
Power supply and

distr

Image recognition

Sound recognition
g Controller

Image recognition Sound recognition
» New technologies are introduced to provide 24/7 monitoring. » New technologies help implement noise reduction, feature
» Accurately identifies indicator status and switch status on extraction, and exception identification in real time.
power distribution panels to provide warnings in advance. » Intelligently identifies abnormal sounds of equipment and
» Identifies exceptions such as battery leakage and swelling to locates causes (for example, dirty or blocked UPS fans and
facilitate prompt handling. foreign object intrusion).
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Intelligent O&M - Proactive Energy Saving

* DCIM promotes surveillance, diagnosis, adjustment and Management platform (brain)

optimization of data center energy efficiency, continuously -

reducing energy consumption.

= The DCIM automatically optimize chilled water systems and E

proactively reduces the PUE. PLC for chiller plant
teamwork (cerebellum
@ End-to-end visualization and diagnosis of energy efficiency allow work ( um)

users to identify PUE exceptions and determine energy saving

improvement directions. 'a'

uonenjeAd )nsay

B¥
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PLC: Programmable Logic Controller.
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DCIM Planning Considerations (1)

* Two major considerations for DCIM are industry standards and O&M objectives.

Industry standards O&M objectives

J ]

According to selected rating criteria, the
availability design of the DCIM system

should be greater than or equal to the % O&M objectives of a data center must be
availability level of data center \/,, considered in the planning and construction
infrastructure.

phase. As the DCIM is the main platform
and tool for data center O&M, its planning
Equipment rooms for different services in and design should also match the O&M
the same data center should be designed [ objectives.

based on different availability according

to their importance. Corresponding

management systems should also match

the design.

Major DCIM planning considerations
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DCIM Planning Considerations - Industry Standards

* According to the Uptime Institute Date Center Site Infrastructure Tier Standard, data centers are classified into four levels: Tier I,
Tier II, Tier I and Tier IV, which are in ascending order.

Uptime Redundancy Performance Requirements - Uptime

A Tier IV data center has multiple independent redundant equipment and paths that are
physically isolated from each other. All facilities and paths work concurrently, eliminating
single points of failure. All computers have dual power supplies and are connected based
on the site topology. Its cooling system also requires uninterrupted operation.

Tier IV Fault tolerant

A Tier Il data center has redundant equipment and paths. All computers have dual

Equipment.and path power supplies and are connected based on the site topology. Tier Ill requires that only

Tier II

redundancy one path be used at any time.
Tier I Redundancy A Tier II data center has redundant equipment, but they are connected by a single path.
" n 2 A Tier I data center meets basic requirements for data center running and has no
Tier I Meets basic requirements
redundancy.
2 Huawei Confidentio 2 HUAWEI

« The availability design of systems must match the availability level of data center
infrastructure. The availability design of the DCIM system should be greater than
or equal to the availability level of the data center infrastructure.

« Redundancy: Some or all components of the system are repeatedly configured.
When a fault occurs in the system, the redundant components take over the
work of the faulty components, thereby prolonging the mean time between
failures (MTBF) of the system.

 Fault tolerance: There are two or more systems. At least one system is working
properly at the same time. The infrastructure configured based on the fault
tolerance system can still meet basic requirements for the normal running of
electronic information equipment after a serious equipment fault or
misoperation.




DCIM Planning Considerations - O&M Objectives

* Data Center Site Infrastructure Tier Standard:
UptimeInstitute’

Operational Sustainability released by Uptime Institute

illustrates O&M management objectives as follows: 4

o |t is recommended that O&M objectives be incorporated
into project design, construction, commissioning, and /
operations to ensure full realization and implement the
objectives throughout the entire O&M life cycle of the
data center. Good O&M objectives help achieve the full
performance potential of the installed infrastructure. Data Conter Site Infrastructure

Tier Standard: Operational Sustainability
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Data center infrastructure O&M teams should discuss with the owner
management, IT department, and related business departments to determine
O&M management objectives. O&M management objectives can be set for
different levels of data center infrastructure based on availability objectives of
different applications.




DCIM Considerations (2)

* In addition to the main considerations, DCIM planning can also consider data center types and scales based on actual usage.

¢ Data center types:
= Currently, data centers are classified into two types by service objects: enterprise data centers (EDCs) and Internet data centers (IDCs).

= DCIM system planning varies depending on data center types. The architecture and functions of the DCIM system must be planned and designed
pertinently.

* EDC DCIM features: small and large scales, and pyramid hierarchy.

* |DC DCIM features: small scale and commercial operation.

Headquarter data centers A IDC
Provincial data centers 1-n /\
e Building 1 Building n
)|

Municipal data centers 1-n

= 2 3
Branch data centers or Equipment room 1 ':;-“pn’:m
i 1- =
equipment rooms 1-n s - B
| - module 1 module n
>

EDC DCIM pyramid hierarchy Common IDC DCIM deployment modes
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« EDC features:

= EDCs include data centers of enterprises and institutions such as finance,
electric power, oil, and research institutes, and government data centers.
EDCs are constructed, managed, and used by organizations, and use self-
built or leased network resources to form a relatively closed private wide
area network (WAN) (also called internal network) to provide an
information-based support platform for services and management of the
respective organizations. One or more data centers can be deployed based
on the service scale. Data centers can be deployed in a centralized or
hierarchical manner.

= An organization can have a data center. A large organization usually has
multiple data centers that are distributed in different regions and has
certain management relationships because its services or management
scopes cover the whole country or even the world. Based on the
management architecture (decision-making layer, management layer,
execution layer), EDCs can be classified into data centers, sub-data centers,
level-1 data centers, level-2 data centers, level-3 data centers ...

= An EDC of a large organization is usually deployed in a pyramid hierarchy
to match the organization management architecture. Data centers in a
lower level are more in number with a smaller scale.




IDC features:

a

For enterprises, IDCs lease software and hardware resources related to data
centers, such as equipment room sites, networks, storage, and computing
resources, to make profits. They also provide infrastructure-as-a-service
(laas), such as IT equipment hosting, and value-added services, such as IT
system running monitoring, maintenance, and O&M management.

For mass market customers, IDCs provide Internet-based information
services. Currently, there are two types of enterprises that have IDCs in
China. One type is telecommunication operators that have (wired and
wireless) network resources, and the other type is third-party IDC service
providers.



DCIM Planning Considerations (3)

* Data center scales:
o A larger data center has more objects to manage and requires stronger processing capability of the DCIM system.

o Attendance modes vary depending on the data center scale. The attendance mode also affects the DCIM planning and design of
a data center.

Data Center A dance Rec ded DCIM
Scale Mode Configuration

In addition to basic functions,
functions related to
attendance and routine O&M
Large 24/7 attendance | must be configured, such as
remote alarm notification,

Ultra-large 24/7 attendance

Ultra-large data centers (greater than 10,000 m?)

Large data centers (2000-10,000 m?) Medium and 24/7 attendance mobile O&M, and electronic
w large inspection.
: In addition to basic functions,
2 Medium and large data centers functions related to
o (500-2000 m?) attendance and routine O&M
Medium ??e/Zo::::::cal:é;’ should be configured, such as
Medium data centers J remote alarm notification,
(200-500 m?) rnobile‘O&M, and electronic
inspection.
Small data centezs Small No requirement | Basic functions can be used.
(less than 200 m?)
26 Huawei Confidential s’% HUAWEI

Generally, ultra-large and large IDCs are used. An ultra-large or large data center
consists of multiple buildings. Each building contains multiple equipment rooms,
and each equipment room contains multiple smart modules, virtual equipment
rooms, and cabinets. The minimum management domain of objects managed by
DCIM can be an U space of a cabinet.

An ultra-large data center can consist of multiple buildings. Each building
contains multiple equipment room modules, and each equipment room contains
multiple smart modules, virtual equipment rooms, and rows. The minimum
management domain of data center monitoring management can be a cabinet.

An ultra-large data center consisting of multiple equipment rooms can consist of
equipment rooms of different levels. This meets users' requirements for different
availability levels with reasonable construction and O&M costs.

Micro and small data centers are mainly access layer equipment rooms (such as
equipment rooms of banks, securities outlets, and service offices of government
departments) and aggregation-layer equipment rooms of organizations.

Attendance modes: Based on the importance and operation management costs
of data centers, onsite attendance is not arranged for independent small and
ultra-small equipment rooms. For medium data centers, onsite attendance is
arranged based on service requirements. 24/7 attendance is arranged for data
center clusters, ultra-large and large data centers that are managed online.
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DCIM Planning Principles

* After a data center is put into use, the DCIM system is the core of data center infrastructure
management. In addition to matching appropriate industry standards and O&M objectives,
the DCIM system planning must comply with the following principles:

LD L LD O

Flexibility Commonality

28 Huawei Confidential g” HUAWEI

Applicability

Applicability: Mature and stable products or solutions should be used.

Advancement: High-value new technologies are used to ensure that the system
can keep technologically advanced and have good scalability in a certain period
of time to meet requirements for future technology upgrade.

Reliability: To ensure service continuity, the system must have extremely high
physical and network security and reliability.

Flexibility: The system capacity and processing capability can be easily expanded
based on development requirements. In addition to supporting the access of
multiple monitored objects, the system can be flexibly and quickly adjusted based
on capacity expansion requirements to implement quick deployment.

Commonality: The system must use interfaces and protocols that are commonly
used in China or around the world. A unified platform should be used to support
cluster or distributed network architecture and multi-level management, and
should feature integration, development, and scalability.
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DCIM Management and Planning Objectives

*DCIM system planning
objectives

DCIM management

objectives
After the DCIM system is planned and

implemented, the system can perform all-

(oL ncl e tnslmonionig and Achieves maximal availability of
management on data center infrastructure.
Based on monitoring information, it
performs unified information-based 3 operating costs.
management on the infrastructure running,

thereby implementing scientific

management on a data center and

improving management accuracy and

efficiency.

a data center with minimal
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DCIM Planning Process

* After considering factors and principles that affect DCIM planning, specify planning objectives and
complete the system planning by referring to the following basic process of DCIM.

3 L ?
H
— Requirement analysis
Perform comprehensive analysis based on users" O&M objectives, standard

requirements, critical infrastructure system, data center type, and data center
e to determine an appropriate DCIM system.

System planning

Plan the DCIM architecture, functions, and performance based on requirement
analysis, planning considerations and principles:

Equipment selection

Select proper hardware for the system based on basic hardware
attributes, reliability, and flexibility.
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Summary

* DCIM concept

* Relationship between DCIM and traditional power and environment
monitoring, BMS, and ITSM

* DCIM development trend

* DCIM planning considerations and process
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1. (T or F) Compared with the traditional power and environment monitoring
system, the DCIM system is more comprehensive and provides data association
and analysis capabilities, implementing unified and efficient management. ()
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DCIM System Architecture and Functions
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Foreword

* This chapter introduces the physical architecture, logical architecture, and

system functions of DCIM.
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Objectives

On completion of this course, you will be able to:

o Describe DCIM physical architecture.
o Describe DCIM physical deployment layers.
o Describe DCIM logical architecture.

o Describe DCIM system functions.

Huawei Confidential
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DCIM Hardware Physical Architecture (1)

* The physical architecture reflects DCIM physical components and relationships between these components. In the
DCIM system, components are deployed at physical layers to support system running.

* Generally, a complete DCIM system consists of intelligent interfaces and sensors, collection devices, processing and
storage devices, display devices, and network transmission devices.

Display devices

Processing and storage devices

Collection devices

Network transmission devices

Intelligent interfaces and sensors

4 Huawe Confidentia 2 HUAWEI

Sensors: include temperature and humidity sensors, smoke sensors, infrared
sensors, and water (leakage) sensors.

Collection devices: Currently, intelligent collection units are most widely used. The
collectors not only transparently transmit signals, but also adapt to devices of
different protocol types and provide standard access protocols. Collectors also
include power and environment monitoring instruments and serial port servers.
These collectors only provide transparent transmission of signals.

Processing and storage devices: Processing and storage devices are the physical
core of the DCIM system. They process, compute, and store system data, and
provide the system software running environment and operating system.

Display devices: They are the man-machine interaction interface of the DCIM
system and are used to input and output system information. Common display
devices include large screens, email, SMS, and audible and visual devices.

Network transmission devices: include network transmission media and
corresponding connection devices. Common transmission media involve twisted
pairs, coaxial cables, optical fibers, and wireless transmission media. Common
connection devices include hubs, switches, and routers. In some special scenarios,
firewalls for network filtering and load balancers for load balancing in cluster
systems are required.




DCIM Hardware Physical Architecture (2)

* A sensor is a device that senses a measured object and produces an available signal for output
according to certain rules. Generally, a sensor consists of a sensitive element that directly senses a
measured object, a transfer element that produces an available signal, and an auxiliary electronic
circuit. Common sensors include temperature and humidity sensors, smoke detectors, infrared
sensors, and water (leakage) sensors.

Collection devices In the DCIM system, a collection unit is also referred to as a collector, and is used to collect running

data of a device or a sensor in a polling manner. Currently, intelligent collection units, such as
Huawei ECC800 and Vertiv (Emerson) FSU, are widely used. These collectors not only transparently
transmit signals, but also adapt to devices of different protocol types and provide standard access
protocols. Collectors also include power and environment monitoring instruments and serial port
servers. These collectors only provide transparent transmission of signals.

* Processing and storage devices are the physical core of the DCIM system. They process, calculate, and
store system data, and provide the system software running environment and operating system. For
example, Huawei TaiShan server.

5 Huawei Confidential g@ HUAWEI

« Transparent signal transmission: In this mode, content is transmitted from the
source address to the destination address without any change to its data.




DCIM Hardware Physical Architecture (3)

Proc and * Processing and storage devices are the physical core of the DCIM system. They process, calculate, and

torage devices store system data, and provide the system software running environment and operating system. For

example, Huawei TaiShan server.

* Adisplay device is a man-machine interaction interface of the DCIM system and is used to input and

Display devices output system information. Common display devices involve large screens, mobile terminals, email,

SMS, and audible and visual alarm devices.

* Network transmission devices include network transmission media and corresponding connection
Netwo devices. Common transmission media involve twisted pairs, coaxial cables, optical fibers, and wireless
transmission devices - . ; s : )
transmission media. Common connection devices include hubs, switches, and routers. In some special
scenarios, firewalls for network filtering and load balancers for load balancing in cluster systems are
required.
6 Huawei Confidential S’A HUAWEI

Hub: A hub is a basic communication device that physically connects nodes on a
multi-point bus or loop. It is generally used in Ethernet and a Fibre Channel
network to improve the manageability of physical cables. While forming a new
hub-and-spoke star physical structure, the hub also maintains the logical loop
structure of the network to which the hub belongs. Unlike switches, hubs do not
aggregate network bandwidth. A hub generally supports the addition and
removal of nodes on the bus.

Switch: A switch is a basic network component that can connect multiple network
nodes. Different from a hub, a switch generally has internal bandwidth, which is
an integer multiple of the link bandwidth, and can quickly switch node
connections. A typical switch can process full-link bandwidth transmission that
occurs simultaneously between multiple pairs of nodes.




« Router: A device at the network layer. Routers can be used to select routes on the
Internet. A router selects a proper route (through a network) based on the
destination address of a received packet and sends the packet to the next router.
The last router in the route sends the packet to the destination host. It can be
used to connect a local network to another local network, a wide area network
to another wide area network, or a local network to the Internet.

« Firewall: A collection of components configured between different networks or
network security domains. A firewall monitors, restricts, and changes data flows
across the firewall to shield the internal information, structure, and running
status of the network. In this way, the network security is protected.

» Load balancer: A load balancer is a hardware device that distributes network
requests to available servers in a server cluster, manages incoming web data
traffic, and increases effective network bandwidth.



DCIM Physical Deployment Layers

Large-screen display
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+ This slide shows common DCIM physical deployment layers.
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DCIM Software Logical Architecture

The logical architecture covers logical components of monitoring management system software and relationships between these logical components.

Generally, the system consists of the following four basic components: monitoring system, operation management system, general control system, and

basic service system.

10
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* Monitoring system:

o

Information collection system: To implement modular design, the
information collection system is usually deployed in distributed mode to
improve the stability of the monitoring and management system. The
information collection system is basically hardware-based.

Information processing system: The information processing system is the
core equipment or module that implements monitoring in the monitoring
and management system. Instead of the traditional software-based
information collection subsystem, the information processing system
processes, calculates, and stores a large amount of data in real time,
flexibly, and accurately.

» Operation management system:

a

Asset management: includes assets warehousing, allocating, unallocating,
and scrapping.

Capacity management: refers to the capacity management of (U) space,
power, cooling, network (SPCN), that is, the capability of supporting
infrastructure such as power, cooling, space, and network of a data center.

O&M management: ensures the stable running of a data center and is also
the main task of routine management of the data center. It supports
activities such as troubleshooting, routine maintenance, periodic inspection,
and personnel duty management of the data center.




» General control system:

u]

a

Signal management: The system displays key device information in real
time and allows users to filter, search for, and mask data.

View management: The system provides multiple methods to intuitively
display data center device information, alarm information, O&M bulletins,
and to-do tasks.

Mobile access: In addition to local access and interaction, the system also
supports mobile terminal access to implement mobile information viewing
and mobile O&M.

» Basic service system:

o

System management: The system provides user management, login
management, security policy management, and software upgrade.

Service management: manages service licenses and network element (NE)
mediations of the DCIM system.

Rights management: performs DCIM system user management and login
control.



Monitoring System

* The DCIM monitoring system consists of the information collection system and information processing system.

* Information collection system: * Information processing system:

= The system collects information such as the status, parameters, running e The system collects, stores, and processes system information.

data, device attributes, and configurations of critical infrastructures, 4 “ g g
e The system receives data from the information collection system and
and transmits the collected information to the information processing
processes the data.

system based on preset standards and requirements.

Key Facilities Monitoring system O&M
transactions
Power supply and - - .
distiibution devices J Environment devices J Alarm generation
Fﬁ information Information »
i i P i Real-time displa
Cooling devices J seaunty protection [ | collection system processing ‘ —pyJ
devices system
4 O&M support ‘
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The monitoring system can display the alarm information of the current data
center in real time. In addition, it can perform alarm notification and
convergence management based on the preset mode, such as SMS notification,
email notification, and work order dispatch.

The prerequisite for the DCIM system to complete data processing, analysis, and
optimization is that the system has a complete information collection function.

Information processing system:

= Generates new alarm information based on alarm rules, and associates,
compresses, and filters massive alarm information to locate faults.

= Sends important monitoring information to the general control system for
real-time display.
= Manages related information to implement the corresponding

management process.

= Stores and manages other important data, generates historical data for the
operation management system to invoke, and produces statistical analysis
reports as required.




Operation Management System

The DCIM system implements functions such as O&M management, energy efficiency management, asset management, and
capacity management based on the routine operation of data center infrastructure to improve the data center availability, optimize
management, and reduce operating expenses (OPEXs).

O&M management

It refers to a series of routine, regular, or temporary
maintenance and repair work and personnel
management for critical infrastructure. Generally, O&M
management provides following functions: (electronic)
inspection, routine drill, maintenance, repair
operatlon management, risk management, personnel scheduling,
management shift handover record, and supplier management.
system
Asset management X
Energy efficiency management
The DCIM system provides functions such as asset .
Based on collected energy consumption data, the DCIM
analysis, asset records, warehouse management, 3 ,
system implements operations such as energy
asset stocktaking, asset configuration, and asset . L ) .
consumption measurement, statistics collection, analysis,
report based on monitoring information.

display, report generation, and proactive optimization.

13 Huawei Confidential “ HUAWEI

Capacity management

The DCIM system provides functions such

as capacity analysis, configuration, design,
and report based on the SPCN consumption
of a data center.

« SPCN: (U) space, power, cooling, network.




General Control System

* The general control system provides a user interface for O&M personnel to monitor the running status of a data center and interact
with the data center. The user interface provides common routine O&M functions, such as view management, signal management,

and service desk.

O&M personnel can use the service desk to complete
various O&M tasks, such as dispatching O&M tasks,
tracking task progress, processing to-do tasks, and
releasing project bulletins.

Service desk

14 Huawei Confidential

View management

After the DCIM system is configured, the general control system can display the

physical topology, micro-module view, and cabinet view of a data center in multiple

modes, such as 2D, 2.5D, 3D, and large screen.

General control

system

Signal management
Key indicators such as the running and alarm information
of key devices in a data center can be displayed on the
signal management page. A user can filter, search for,
and mask the indicators based on actual O&M

requirements.
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Basic Service System

* The basic service system provides some common basic services for the preceding logical components, such as unified permission

management, service management, and system management.

Rights management is critical to the Includes the license validity period
secure running of data centers, and mediation management of DCIM
including user management, role functions.

management, right delivery, and _.~~ ~

region management.

Rights management Service management

Basic

service
System management system Other basic services

Provides other basic services

that support system running,

Includes log management, such as system time, protocol
security management, and switch, and network address
software management. translation (NAT).

15 Huawei Confidential
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DCIM System Functions

* To achieve management objectives, the DCIM system must provide various management functions.
According to the logical architecture, the DCIM system functions can be divided into four parts:
monitoring, operation management, general control, and basic services.

@9 Operation
management

@ﬁ} Basic services
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DCIM management objective: To achieve maximal possible availability of a data
center with minimal operating costs.

Monitoring: The DCIM system collects, analyzes, stores, and displays data,
enabling O&M personnel to understand the running status of data center
infrastructure in real time.

Operation management: O&M personnel use the DCIM unified management
platform to implement data center operation management and improve data
center availability.

General control: It is the entrance to DCIM O&M management and provides an
interaction portal for O&M personnel. Generally, it includes routine management
functions such as service desk, view management, and signal display.

Basic services: They refer to system functions provided by the DCIM system to
implement management functions, including user and rights management,
system management, and system service management.




Monitoring

* The DCIM system collects, analyzes, processes, and stores data, and generates alarms, enabling O&M

personnel to understand the running status of data center infrastructure in real time.

-t s e s o s mm s s mm s s mm e s mm s e s = s mm s s mm s b oy

Collects data by
monitoring objects
in real time.

The collected data
needs to be stored for
system computing and
historical data query.

The collected data can
be transferred between
nodes based on
transmission policies.

Regulation

and control
The system remotely
controls the working

mode and status of the
infrastructure.

= "

\
The collected data can be 1
computed, analyzed, and
processed based on service 1
requirements. l
I

The system compares the collected -
information with the preset or user- |
defined alarm rules. If the collected *
information meets the rules, a

warning or alarm is generated. 7
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+ Collection: The monitoring system monitors various objects in real time, collects
data, and uploads the collected data in a unified format to the data processing
layer for unified processing. The monitoring system also performs basic filtering
on the collected data to avoid false alarms.

« Transmission: The collected data can be transferred between nodes in the system
based on transmission policies. Multiple transmission policies and data processing
modes are supported. Monitoring data streams can be transferred through
conventional polling-based centralized transmission or more efficient proactive
reporting transmission. To ensure the security of the information system, the
system can encrypt monitoring data streams, especially sensitive data.

» Processing: The collected data can be computed, analyzed, and processed based
on service requirements. The system can preset or customize data computing
rules and complex event processing rules to meet various processing
requirements.




« Storage: The collected data needs to be stored for system computing and
historical data query. Generally, a data processing system needs to perform real-
time computing, which requires a high real-time performance of a storage
system. The real-time database stores the real-time data in the memory to
ensure the real-time performance. In addition, the system needs to perform
statistical analysis on historical data collected to generate data center-related
reports, providing a basis for data center operation. In the system, a history
database stores the collected data to the disk medium according to the time
sequence for the system to invoke.

+ Adjustment and control: The system can remotely control the working mode and
status of infrastructure devices. The control mode can be manual or automatic.

« Alarm: The system can compare the collected information with the preset or
user-defined alarm rules. When the conditions are met, a warning or alarm is
generated. In addition, the system can send feedback notifications based on
preset interaction modes, such as SMS, emails, and audible and visual alarms.



Operation Management

* Operation management enables O&M personnel to use the DCIM unified management platform to
implement data center operation management and improve data center availability.

Calculates and displays the power 1
1 Implements a series of O&M tasks usage effectiveness (PUE) and change

for data center infrastructure. trend of a data center based on I
I collected energy consumption data.

Capacity management |

| :

_ I

@ | _ Through real-time monitoring, a user p
: Implements standardized and can learn about the space, power, 1

1 process-based management of cooling (SPC) usage of a data center, .

\ data center assets. which facilitates quick planning and !

S pre-warning. y;
‘an s am s Em s Em s Em s Em s EE s EE s EE s EE s EE e G s EE e EE e Ess Ems e -
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+ O&M management: O&M management refers to a series of O&M tasks for data
center infrastructure, including periodic maintenance and routine inspection of
the infrastructure, fault management, system knowledge base, supplier
management, and shift scheduling management. Planned preventive
management effectively reduces the infrastructure failure rate. Through process-
based event management, faults can be rectified as soon as possible.

» Energy efficiency management: Based on collected energy consumption data, the
system calculates and displays the PUE of a data center, helping users
understand the real-time energy consumption composition and change trend of
the data center. Based on the application of new technologies, the system deeply
analyzes the energy consumption data of a data center, captures energy
consumption rules of the data center, proposes reasonable energy saving
measures, and supports the implementation.

+ Asset management: DCIM standardizes and streamlines common asset
management (such as asset stocktaking, warehousing, distributing, and
scrapping) in a data center.

« Capacity management: monitors the SPC usage of a data center in real time to
comprehensively learn about the data center. When IT services are changed, a
user can quickly plan and select a proper installation position. If the system
capacity usage increases, a warning is generated in advance so that capacity
expansion can be planned. In addition, it can query historical capacity data,
analyze capacity changes, and support capacity planning.




General Control

* General control is the entrance to DCIM O&M management and provides an interaction portal for

O&M personnel. Generally, it includes routine management functions such as service desk, view

management, and signal display.

21 Huawei Confidential

A service desk is the
entrance for O&M
personnel to access
various management
functions. Generally,
different functional
modules can be
displayed by O&M
role.

The data center view can be
displayed in multiple modes,
such as 2D, 2.5D, 3D, and
large screen. In addition, it
supports the display of
device monitoring views in
multiple dimensions, such as
the energy flow diagram and
intra-cabinet view.

Signal display \

Key indicators such as '
data center infrastructure 1
running information and .
alarm information can be |
displayed on a signal
management page or
customized based on
actual O&M requirements..
/

2 HUAWEI

 Service desk: O&M management personnel can complete various O&M tasks
through a service desk, such as dispatching O&M tasks, tracking task progress,
processing to-dos, and releasing project bulletins.

« View management: After the DCIM is configured, the general control system can

display the physical topology, micro-module view, and cabinet view of a data
center in multiple modes, such as 2D, 2.5D, 3D, and large screen.

 Signal display: Key indicators such as data center infrastructure running and

alarm information can be displayed on a signal management page or customized
based on actual O&M requirements. This function can be associated with O&M
tasks such as alarm notification, work order function, and report generation.



Basic Services

* Basic services refer to system functions provided by the DCIM system to implement management
functions, including user and rights management, system management, and system service

Basic services

management.

................................. <
System service 3

management 1

Provides DCIM system Mafages s 1

users and rights .

managemegt Based on The DCIM system services provided by |

: can be managed in DCIM. These services e

data center requirements, real time, including include function 1

system users can be S d .

managed by level or by security licenses, network 1

physical area. In addition management, log element (NE) 2

login authentication lsystem softw;rind absan th::‘:‘cation !

8 i .

modes and login nodes A — AL 1

can be controlled and .
managed. /

22 Huawei Confidential “ HUAWEI




23

Contents

1. DCIM Physical Architecture
2. DCIM Logical Architecture and System Functions

3. DCIM System Performance and Integration

Huawei Confidential

2 HUAWEI




DCIM System Performance

* DCIM system performance refers to the capability of the system hardware to complete tasks such as
collection, processing, computing, and storage.

* DCIM system performance parameters include response time, management capability, processing
capability, two-node cluster switchover duration, and storage capacity.

* Common DCIM system performance parameters are as follows:

Response Time (s) Management Capability (number of ng-wn;:g: osl:rster Processing Storage
test points) Diifation!(s) Capability Capacity
Data Collection <5 Small data center | 0-10000
Device control <5 .
Medium data center | 10000-20000 System CPU runtime Data can be
. . ! stored for
Video surveillance <60 usage is less than
<6 more than
refresh 40%. h
Large data center | > 20000 three years.
Alarm generation
. <6
time
24 Huawei Confidential g@ HUAWEI

The control response time refers to the duration from the time when the system
initiates a control signal request to the time when the corresponding device
responds to the signal request.

The collection response time refers to the duration from the time when the value
of a monitored object changes to the time when the collection device obtains the
changed value.

The video surveillance refresh time refers to the duration from the time when the
value of a monitored object changes to the time when the monitoring image in
the main control center displays the change of the value.

The alarm generation time refers to the duration from the time when an alarm is
generated by a monitored object to the time when the DCIM system displays the
corresponding alarm status.

The shorter the two-node cluster switchover duration is, the higher the system
availability is.




Third-Party Integration - Introduction to Modbus Protocol

* Modbus protocol:

25

Modbus is the most commonly used industrial field bus protocol. It is a standard, open, and free-of-
charge protocol that supports various interfaces, such as RS485 and RJ45.

There are two types: Modbus RTU and Modbus TCP.
Generally, Modbus refers to RTU mode, which is the most common Modbus mode.

It supports the master/slave mode. In this mode, the host calls a device and the device answers the
call.

Analysis scope: register address, function code, read/write attribute (R/RW), data type, unit or
enumerated value, proportion coefficient, value range (the value range must be confirmed for
issued indicators and is optional for read-only indicators), and alarm severity (if the vendor cannot
provide the alarm severity, the alarm severity needs to be customized based on experience).

Huawei Confidential @’é HUAWEI




Third-Party Integration - Introduction to SNMP Protocol

* SNMP protocol:

o Simple Network Management Protocol (SNMP) is used for network management and

network device management.
o SNMP is designed to work in the TCP/IP suite.

o There are three versions: V1, V2, and V3. V1 and V2 support simple read and write, and
V3 supports encryption.

o Analysis scope: signal object identifier (OID), index OID (required for table signals),
read/write attribute (R/RW), data type, unit or enumerated value, proportion coefficient,
value range (the value range must be confirmed for issued indicators and is optional for
read-only indicators), trap alarm reporting mode, and unit.

26 Huawei Confidential s’% HUAWEI

The RS485 interface cannot use the SNMP protocol.
OID: object identifier.




Common Process for Third-party Devices to Access the DCIM
System

O Devices of different models from different vendors provide different northbound protocols based on
their configurations. For example, Modbus and SNMP.

O By defining access packages, the DCIM system can parse access protocols of devices from different
vendors, convert data, and manage and monitor the devices in a unified manner.

Connect tools to
devices

Connection
test

Signal Alaj Export and update

i PR End
commissioning commissioning the access package

O From the perspective of customers, devices seem the same, reducing the learning cost.

O From the service perspective, devices seem the same, improving service development efficiency.
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Summary

DCIM physical architecture

DCIM physical deployment layers

DCIM logical architecture

DCIM system functions
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1. (Multiple) Which of the following statements about the DCIM monitoring function is true?

A. Through the collection function, the system can monitor various objects in real time, collect data,
and upload the collected data in a unified format to the data processing layer for unified
processing.

B. The transmission function indicates that the collected data can be transferred between nodes in
the system based on transmission policies.

C. The storage function indicates that all the collected data is stored in the memory of the real-time
database for system computing and historical data query.

D. The processing function indicates that the collected data can be computed, analyzed, and
processed based on service requirements.

29 Huawei Confidential s@ HUAWEI

« Answer: ABD. The description of the storage function in option C is incorrect.
Generally, a data processing system needs to perform real-time computing,
which requires a high real-time performance of a storage system. The real-time
database stores real-time data in the memory to ensure the real-time
performance. In addition, the system needs to perform statistical analysis on
historical data collected to generate data center-related reports, providing a basis
for data center operation. In the system, a history database stores the collected
data to the disk medium according to the time sequence for the system to
invoke.




Thank you.
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DCIM System Planning




1

Foreword

* The slides introduce the general process of DCIM system planning,

including requirement analysis, system planning, and device selection.

Huawei Confidential

2 HUAWEI




Objectives

On completion of this course, you will be able to:
o Understand main management objects of the DCIM system.

o Have a good command of main monitoring parameters and control contents of
the DCIM system management objects.

o Have a good command of DCIM architecture and function requirements for
data centers at different levels.

o Have a good command of principles and precautions for DCIM hardware
selection.
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DCIM Planning Requirement Analysis

DCIM is a data center O&M tool platform. It
ol?ci:?ves should be planned based on the operation and
) maintenance (O&M) objectives.

Based on the availability requirements

of data centers, the DCIM system Industry
planning must comply with different standards infra:terzcture DCIM should be planned based on managed
standards. objects and their management indicators.

: DCIM
e requirement
analysis

Different types of data centers have different
requirements on the DCIM architecture and
functions. The actual planning should be based ©
on application scenarios and types. X

£ A larger data center has more objects to manage
and poses higher requirements for the DCIM

system functions and performance.
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DCIM Management Objects

* |n the DCIM planning phase, the devices and contents to be managed by the system must be specified.
Generally, common systems that need to be managed in a data center include the power supply and
distribution system, cooling system, security protection system, and firefighting system.

distribution system, automatic transfer switch (ATS), uninterruptible power
system (UPS), energy storage system (ESS), UPS input and output cabinets,
power distribution frames (PDFs), and power distribution units (PDUs)

@ Power supply and distribution system: generator sets, low-voltage power

Cooling system: chilled water system, precision air conditioners, humidifiers, water

DCIM

management ﬁ

sensors, fresh air system, and data center temperature and humidity sensors

| Security protection system: video surveillance system, access
/8l control system, and intrusion alarm system

fire extinguishing controller, alarm system, and fire

objects

5 Huawei Confidential “ HUAWEI

» Generally, common systems that need to be managed in a data center include
the power supply and distribution system, cooling system, security protection
system, and firefighting system.

« Data centers of different scales, types, and management objectives must be fully
considered during system planning to match different management granularities.




Confirm the Basic Information About Management Objects

|m == == e m e e e e e e e e e e e e e e e s e mmmm m s - - - -
*  Confirm the communication interface type of management objects: Although there are various types of management |
objects, there are only two types of communication interfaces: intelligent interfaces and non-intelligent interfaces.

1
1
: & Intelligent interfaces: refer to interfaces built in the monitored device for external communication. The management
1 system only needs to communicate with the intelligent interface. Common intelligent interfaces include COM ports, FE

1 ports, and PoE ports.

1

1

®  Non-intelligent interfaces: generally include digital signal interfaces and analog signal interfaces. Currently, data centers

*  Confirm the information collection mode of management objects.

1

: = Intelligent interfaces: Generally, a monitored management object with intelligent interfaces is directly connected through

1 RJ45 ports to collect data. Communication protocols generally include mainstream standard protocols such as Modbus
@ 1 and Simple Network Management Protocol (SNMP).

1

1

= Non-intelligent interfaces: Data is collected by various sensors and collection modules, converted into standard interface

\ !*  Determine the information to be collected from management objects.

* I

7 I e Before requirement analysis, confirm the communication protocol provided by device vendors, understand the meaning of
// 1 each parameter, understand parameters provided in the protocol, and plan the information to be collected.

6 Huawei Confidential @@ HUAWEI

Generally, digital signals include the power distribution switch status, surge
protective device (SPD) status, and fresh air unit start/stop status.

Generally, analog signals include 4-20 mA low-current signals and DC voltage
signals.
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Power Supply and Distribution System

* The power supply and distribution system is the power basis of a data center. To ensure
continuous and stable service running, the DCIM system must monitor the running status

and parameters of each node in the power supply and distribution system in real time.

4 1 UPS
High voltage distribution l ?
equipment /
= I :~= . :
\ o I

Input PDF Output PDF IT load

Transformer

Generator Generator power Low voltage distribution Battery
distribution equipment equipment

Power distribution architecture
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» The picture above shows the basic power distribution architecture of a data
center.




Diesel Generator

* For a data center that has certain requirements on reliability and availability, one or more diesel generators are
configured as the mains backup power supply. The system monitors running parameters of a generator in real time
to ensure the stable running of the generator and the power supply of a data center.

E Running parameters 5 Control
Three-phase Three-phase Generator
i \..,, ) Emergency Active/standby
Fuel tank liquid Lubricating oil :
level temperature :
Startup apparatus 5
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Diesel generator

* Running parameters:

= Three-phase output voltage: refers to the three-phase output voltage when
a generator is running.

= Three-phase output current: refers to the three-phase output current when
a generator is running.

= Output frequency: refers to output frequency when the generator is
running.

= Working status: running or shutdown.
= Working modes: automatic or manual.
= Mains status: The mains is faulty.

= Fuel tank liquid level: When the fuel tank liquid level of a generator
decreases to a low level, the system should generate a warning or an
alarm.

= Lubricant oil temperature: refers to the oil temperature when a generator is
running. In addition to the oil temperature, the oil pressure is also
monitored.

= Runtime: refers to the running duration after a generator is started.

= Startup apparatus: refers to the motor and battery that support the startup
of a generator.

= Fault signal: indicates whether an exception occurs when the generator is
running.




» Remote control:

o Generator startup: A generator can be started automatically or manually
remotely based on operation requirements.

o Generator shutdown: A generator can be shut down automatically or
manually remotely based on operation requirements.

= Emergency shutdown: A generator can be manually shut down when it is
running.

o Active/standby switchover: When multiple generators are configured, the
active/standby switchover can be performed automatically or manually
based on operation requirements.



ATS

* The ATS is a device that controls the switchover between the active and standby routes of the low-
voltage power distribution system. Whether the ATS operates properly is important to the normal
power supply of a data center. The system must monitor the main parameters that affect the ATS
operation.

Active
routes

Standby
routes

: Running parameters

Hll  Active/standby Active/standby F'e‘;‘c‘;',‘:ya‘r";‘“e
route voltage route current Standiny:rolites
Number of

: active/standby

: switchovers
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Active/standby route voltage: refers to the active/standby input voltage of the
system.

Active/standby route current: refers to the active/standby input current.

Active/standby route frequency: refers to the primary/standby input frequency of
the system.

Switch status: refers to the current position of the ATS switch.

Number of active/standby switchovers: refers to the total number of switchovers
during the running of the ATS.




UPS

No matter what kind of mains quality, a continuous, stable, and uninterruptible power supply cannot
be ensured. Therefore, most data centers use the UPS to ensure service continuity and stability. The
UPS is the core to ensure continuous power supply to IT loads in a data center. Real-time monitoring of
the UPS is an important measure to ensure the UPS system reliability.

Running parameters

E |

Control

Three-phase input Three-phase input
s Spteemer : e
Three-phase Three-phase
output voltage Output frequency Output power : : Inverter shutdown

Emergency
shutdown

Bypass voltage Bypass current Working modes
Inverter status Rectifier status Battery status _
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Energy Storage Devices

* There are two types of energy storage devices in a data center: traditional lead-acid batteries and lithium batteries.
Both of them ensure continuous power supply to the UPS in the case of a mains failure.

* In addition, due to the physical features of an energy storage device, a user needs to pay attention to the usage and
management of the energy storage device. If the energy storage device is not properly used, its service life may
decrease too fast, or even be damaged. Therefore, monitoring the energy storage device is also necessary.

Running parameters

Voltage and S
|
Ambient State of charge
temperature (SOQ)
State of health
: (SOH) :
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Lead-acid battery Lithium battery

« Ambient temperature: refers to the operating temperature of lead-acid batteries
or lithium batteries. Generally, a temperature and humidity sensor or
temperature sensor is used for monitoring.

« SOC: refers to the state of charge or the remaining power of batteries. It is the
ratio of the remaining capacity of a battery that has been used for a period of
time or has not been used for a long time to the capacity of the battery in the
fully charged state. It is usually expressed in percentage.

« SOH: refers to the state of health of batteries. It is the ratio of the actual

performance parameter to the nominal parameter after the battery is used for a
period of time.




UPS Input and Output PDFs

* The UPS system is configured with input and output PDFs to form a complete UPS system.

* In addition to the basic power distribution function, the UPS output PDF is generally configured with a centralized
bypass switch, maintenance bypass switch, and some low-voltage protection devices. By monitoring the UPS input
and output PDFs, a user can learn about the UPS input and output data in real time and understand the power

supply requirements of loads in a data center.

Running parameters

Phase voltage Line voltage Line current

Frequency Electric energy

Power distribution
branch temperature

Switch status

UPS input PDF " UPS output PDF
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« The UPS input PDF is a low-voltage PDF that distributes power to the
downstream UPS. UPS output cables are connected to the UPS output PDF.




Cabinet PDU

¢ Currently, the power distribution mode of most IT cabinets in a data center is cabinet PDU
power supply. The deployment is simple and power supply is convenient. The cabinet PDU
directly supplies power to IT loads. Its status should be monitored by the system in real time.

Cabinet PDU

E Running parameters

N cxm EEm
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Cooling System

* The cooling system is the core of environment control in a data center. It ensures that IT loads work stably within a
proper temperature, humidity, and cleanness range. The DCIM system monitors the operating parameters and
status of main devices in each part of the cooling system in real time.

o0/

water pump -
/ f— - -
Chilled — = %
water tank j
G— g

Cooling tower \ Ailled water Indoor unit of Outdqor unit of

Chiller precision air an air-cooled an air-cooled

conditioner precision air precision air

Chilled water pump conditioner conditioner

Chilled water air conditioner Air-cooled air conditioner
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« This picture takes the primary pump system as an example to describe major
equipment in the chilled water air conditioning system.




Chilled Water System (1)

* The system monitors and manages devices such as chillers, chilled water pumps, cooling towers,
cooling water pumps, and plate heat exchangers in real time to ensure normal system running.

* Generally, the chilled water system has an independent automatic control system. Data of the control
system is integrated into the DCIM platform for unified management.

E Running parameters Control
Operating Chiller startup and
- -
Compressor oil A : ' : Supply and return water
= U oe S
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Operating voltage and current: refer to the basic electrical parameters during the
system running.

Compressor status: refers to the operating parameters and running status of the
compressor in the chiller system, such as the suction and discharge pressure,
operating temperature, and runtime.

Compressor oil system: refers to the lubrication and cooling system of the
rotating parts of the chiller compressor.

Drive status: refers to the equipment that supports the running of the inverter
compressor.

Control status: remote or local.




Chilled Water System (2)

* Circulates chilled and cooling water.

Q Running parameters Control

Supply and return chilled Chilled water Returned chilled Chilled water pump
water temperatures pressure water flow i : startup and shutdown
Chilled water pump status Chiled waish Chilled water : _
pump fault : A s :

: circulation

...........................................................................................................................................................

Cooling water inlet and Cooling water Cooling water pump Cooling water pump
outlet temperatures pressure status : a : startup and shutdown

Minimum return cooling Cooling water Cooling tower fan

Cooling tower fan
: startup and shutdown
Cooling tower fan status _ Cooling water : _

circulation :

water temperature pump fault fault
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Chilled water pump: refers to a device that ensures the system pressure during
chilled water circulation.

Supply and return chilled water temperatures: refer to the inlet and outlet water
temperatures of the chiller in the chilled water circulation.

Chilled water pressure: refers to the supply and return water pressure in the
chilled water circulation.

Cooling water pump: refers to a device that ensures system pressure in cooling
water circulation.

Cooling water pressure: refers to the inlet and outlet water pressure in the
cooling water circulation.

Cooling tower: refers to a device that absorbs system heat and discharges it into
the atmosphere to lower the cooling water temperature.




Chilled Water System (3)

* The main functions of the fixed-pressure water refill system are as follows:
e Reduces the water pressure fluctuation caused by the water temperature change, thereby stabilizing the
pressure.

o Refills the water to the pipe network system. When water leakage or drastic temperature drop occurs in the
pipe network, the system refills water to the pipe network to prevent water shortage.

Running parameters ‘ Control

Water pump running Water pump fault Water tank liquid Water pump startup
status level 8 : and shutdown
Ultra-high and ultra-low Water refill
liquid level alarm 3 :
: system :
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Precision Air Conditioner

* The precision air conditioner is a device that directly controls the temperature and humidity of a data center.
Whether it works stably directly affects the IT load of the data center. Therefore, monitoring precision air

I’
m Control
. Runnlng parameters Air conditioner startup
J and shutdown
Su(pel:( ;a:d ::tu:n Curre:(; lt]emm;:i:;rau.:re IActitator/statie Chilled water valve
water temperatures a umidity opening
Chllled water :
Setting temperature and
Air filter status Humidifier status Elec(srtlgtnsater Wadteetrelfakag : air conditioner 5 humugny cop:trol points
Supply and return Current temperature :
air temperature and humidity Compressor status Fan status H H : =
5 : Air conditioner startup
: $ and shutdown
Water leakage S AL Electric heater :
bl 1'“"ﬂ Outdoor unt startup and
: E shutdown
Outdoor unit status — i Air-cooled air : Setting temperature and
:  conditioner @ humidity control points
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conditioners is also essential.
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Security Protection System

* The security protection system consists of the video surveillance system, access control system, and

intrusion alarm system.

Video surveillance system

e The video surveillance system is an

electronic system or a network that
uses video technologies to detect,
monitor, display, and record onsite
images in real time.

Intrusion alarm system

The access control system uses modern electronic devices
and software information technologies to control the access
of people or objects at the entrances and exits of a data
center. The control operations include allowing, rejection,
recording, and alarming. The access control system is an
effective measure to ensure area security and implement
intelligent management.

The intrusion alarm system is an electronic system or a network that uses sensor technologies and electronic information
technologies to detect and indicate unauthorized access to a protected area, generate and process alarm information.
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Video Surveillance System Network Architecture

The video surveillance system consists of front-end equipment, transmission equipment, control
equipment, and display and record equipment.

Network video Surveillance wall
recorder (NVR) Decoder

\
i

Bullet camera with pan-
tilt-zoom (PTZ)

Dome camera Switch

Management Forwarding Storage (Client Network
server server server eyboard

Front-end equipment Transmission equipment Control equipment Display and record equipment

Bullet camera
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The video surveillance system consists of front-end equipment, transmission
equipment, control equipment, and display and record equipment.

= Front-end equipment: includes one or more cameras and accompanying
lenses, PTZs, shields, and decoding drivers.

= Transmission equipment: includes electrical cables and/or optical cables,
and possibly wired/wireless signal modulation and demodulation
equipment.

= Control equipment: includes video switchers, PTZ lens controller, keyboards,
power supply, and accompanying consoles.

= Display and recording equipment: includes monitors, video recorders, and
multi viewers.




Video Surveillance System Monitoring Requirements

The DCIM system must monitor the video surveillance system in real time to ensure data center
security.

Generally, the video surveillance system is an independent management system and is connected to
the DCIM management platform in integration mode.

|
‘ Running parameters
Real-time Multi-picture Recording
browsing browsing playback
Remo{e‘ VI~de° AR SRy
transmission
Eq.uipment Access control
linkage

Video surveillance system
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Access Control System Network Architecture

* The access control system generally consists of feature carriers, reading devices, locking

devices, and a controller.

Access
_ controller
e \

n

Door status
sensor

/ mergency
\ ) : button
L) N Fingerprint Fingerprint
reader =<
%
=

T

PASSWORD
eooo0o Password

Management
system

Exit button

LED

Fingerprint and card
reader with a keypad
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The access control system generally consists of feature carriers, reading devices,
locking devices, and a controller.

= Feature carrier: indicates the identity and permission for entering or leaving
a data center. For example, the key to a mechanical lock and an access
card.

= Reading device: A device that exchanges information with a feature carrier.
It reads information about identities and permissions from the feature
carrier appropriately. For example, the lock insert of a mechanical lock and
a card reader.

= Locking device: The access control system is practical only when it is
equipped with a proper locking device. After confirming the identity and
permission of the holder, a reading device allows the authorized person to
enter and exit and rejects a request of the unauthorized person. For
example, the magnetic lock at the access of a data center.

= Controller: refers to the core control device of the access control system. It
is used for communication connection and function implementation of
system components.




Access Control System Monitoring Requirements

* The access control system ensures the physical security of a data center and
implements effective management and recording of personnel entrance and exit.
Common authentication modes are password, card, fingerprint, facial recognition,
and hybrid authentication.

Running parameters Control

Door status Remote unlocking """‘“’::“ﬁ;f:‘;ge'“e"‘
Event records _ Remote locking
¢ Access control :

system
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Intrusion Alarm System Network Architecture

* The intrusion alarm system generally consists of front-end equipment, transmission

equipment, operation control equipment, and display and record equipment.

28

Infrared sensors

Management
system

s o - 83
Communication = 0 = i\
transmission ™ ¥
» | 5
et

e Alarm controller Alarm beacon
1
110
Alarm button

Public security linkage
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« The intrusion alarm system generally consists of front-end equipment,
transmission equipment, operation control equipment, and display and record
equipment.

a

Front-end equipment: The front-end detection part consists of various
detectors. It is the tactile part of the intrusion alarm system. It senses the
changes of physical parameters such as temperature, humidity, smell, and
energy, and converts them into electrical signals that are suitable for
transmission based on certain rules. For example, infrared sensors and
alarm buttons.

Transmission equipment: includes electrical cables and/or optical cables,
and possibly wired/wireless signal modulation and demodulation
equipment.

Operation control equipment: generally refers to the alarm controller.

Display and record equipment: generally refers to a device that transmits
alarm information after an alarm is generated. For example, alarm beacons
and monitors.




Intrusion Alarm System Monitoring Requirements

* The intrusion alarm system is the tactile system of a data center or an equipment

room. It can detect abnormal intrusions as early as possible and report alarms in

real time.

Running parameters Control

.,,(‘ .

~ ~

Front-end po System alert
equipment status Historical data : m : danlayment Linkage control

Intrusion
: alarm system :
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Firefighting System

* The Firefighting system of a data center is the core for monitoring and responding to fires, ensuring the safety of
data center O&M personnel, and protecting equipment and property.

* The system is also called the fire linkage control system. Generally, a complete firefighting system includes the fire
alarm system, fire extinguishing system, smoke control system, and safety evacuation system.

o The automatic fire alarm system can implement linkage control of the fire extinguishing system, smoke control system, and

safety evacuation system.
o Fire extinguishing systems are classified into gas fire extinguishing system and liquid (water) fire extinguishing system.

o The smoke control system exhausts a large amount of smoke produced by fire and prevents the smoke diffusing out of the
protected zone. In this way, it ensures the smooth evacuation and safety of people in the building and create favorable
conditions for firefighters to put out the fire.

o The safety evacuation system consists of fire emergency lighting and evacuation guidance lighting. When a fire occurs and the
normal power supply is cut off, the safety evacuation system maintains a certain degree of lighting in important rooms or main
passages of buildings. In this way, it ensures personnel can evacuate quickly so that firefighters can handle the accident timely.

3 Huawel Confidentia 2 HUAWEI

The automatic fire alarm system can implement linkage control of the fire
extinguishing system, smoke control system, and safety evacuation system.

Fire extinguishing systems are classified into gas fire extinguishing system and
liquid (water) fire extinguishing system.

The smoke control system exhausts a large amount of smoke produced by fire
and prevents the smoke diffusing out of the protected zone. In this way, it
ensures the smooth evacuation and safety of people in the building and create
favorable conditions for firefighters to put out the fire.

The safety evacuation system consists of fire emergency lighting and evacuation
guidance lighting. When a fire occurs and the normal power supply is cut off, the
safety evacuation system maintains a certain degree of lighting in important
rooms or main passages of buildings. In this way, it ensures personnel can
evacuate quickly so that firefighters can handle the accident timely.




Firefighting System Network Architecture

* Common networking architecture of the firefighting system:

Smoke
detector

Heat
detector

Manual pull
station

Alarm
beacon

&

Pressurized Pressurized air
supply vent

fan

Fire alarm
bell

II::
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Firefighting System Monitoring Requirements

* Generally, the DCIM monitors the firefighting system to obtain the running status
and alarm information of the main system. The DCIM does not directly control the
firefighting system and therefore does not affect the normal running of the system.

Running parameters

Controller running Alarm reporting
Region information Fault information _

Firefighting System
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Other Monitoring Requirements

¢ With the popularization of the modular concept, more data centers choose the modular
deployment mode. In addition to the basic power supply and distribution, cooling, security,
and firefighting systems, the data center deployed in modular mode also provides the
following functions to implement intelligent management:

o |T asset information: The data center uses network data such as electronic labels to implement real-
time online management of IT assets and simplify stocktaking.

o Capacity information: The data center uses the U space detection device to comprehensively
manage the U space of cabinets in the data center and implement capacity management based on
asset information.

o Linkage control: In addition to the default linkage control logic in the data center, a user can
customize linkage rules and manage them in a unified manner based on the actual project situation
or special requirements.
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DCIM Architecture Planning - Fault Tolerance

* In Uptime Institute Data Center Site Infrastructure Tier Standard, the core definition of a Tier IV data center is fault tolerance.

According to this requirement, the DCIM system must have the fault tolerance capability in the architecture.

* Management-layer server hot backup: Multiple processing and storage servers work in hot backup mode. If the active server breaks
down, the standby server takes over services timely to ensure the stable running of the DCIM system. In addition, data is backed up

on multiple storage devices to ensure system operation security.

Display equipment

Y-i-"—

M tl - ——T Collection layer
anagement layer <5 ;

‘ 2 : I 1 i . Infrastructure

Fault-tolerant architecture

37 Huawei Confidential @'4 HUAWEI

« The Uptime Date Center Site Infrastructure Tier Standard requires that a Tier IV
data center have multiple independent redundant devices and lines that are
physically separated.

» The fault tolerance and redundancy of the DCIM system are mainly reflected by
the configuration of servers at the management layer.




DCIM Architecture Planning - Redundancy

In Uptime Institute Data Center Site Infrastructure Tier Standard, the core definition of a Tier II data center is
redundancy. According to the requirement, the DCIM system must have the redundancy capability in the

architecture.

Management-layer server redundancy: Processing and storage servers work in two-node cluster hot backup mode,
and core data is backed up in redundancy mode, ensuring system architecture stability and data redundancy.

Display equipment

p—
=01 T— Collection layer
|

Management layer Infrastructure

Redundant architecture
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DCIM Architecture Planning - Basic

* |n Uptime Institute Data Center Site Infrastructure Tier Standard, the core definition of a Tier I data
center is to meet basic requirements. Therefore, the system only needs to meet the basic management
requirements.

Display equipment

-
— > R Collection layer
|

Management layer Infrastructure

Basic architecture
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DCIM Function Selection - Basic Functions

* The DCIM system functions are the basis of data center O&M. Specific system functions can be selected

based on the data center level and type.

* The DCIM is recommended to provide the following basic functions regardless of the level and type of

the data center.

Function

Remarks

Function

Remarks

Data collection

The system collects data of various monitored objects and
adapts to various mainstream communication protocols
and communication interfaces.

Configuration

The system provides multiple built-in device
configuration (device template), page configuration
(page template), and policy configuration to
facilitate system deployment.

As for data transmission mode, the system supports query

The system supports real-time alarm reporting,

tran?r?\ti:sion and automatic reporting. It also supports standard Alarm alarm analysis, and alarm notification for devices in
southbound and northbound interfaces. the system.

Dits processiii The system is able to process, analyze, and process various Lo The system allows users to view and export its
P 9 device data uploaded by the data collection layer. 9 operation and operational logs.

Data storage The system supports long-term data storage, export, and Rights The system supports setting multi-level rights, roles,

9 compression. management [ and groups for user management.
Report The system is able to export multiple reports in various System The system supports system software functions,
P modes. maintenance such as license check and software version.
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DCIM Function Selection - Specific Functions

* Inaddition to basic functions, different levels, types, and service requirements of data centers affect function selection. Take the data
center level as an example. Generally, the higher the level is, the higher the requirements for the DCIM system function

configuration are.

* The following table provides suggestions on selecting DCIM functions for data centers of different levels.

Function Tier IV Data Center Tier M&IT Data Center Tier I Data Center

Data collection Mandatory Mandatory Mandatory

Data transmission Mandatory Mandatory Mandatory

Data processing Mandatory Mandatory Mandatory

Data storage Mandatory Mandatory Mandatory

Report Mandatory Mandatory Mandatory

Configuration Mandatory Mandatory Mandatory

Alarm Mandatory Mandatory Mandatory

Log Mandatory Mandatory Mandatory

Rights management Mandatory Mandatory Mandatory

System maintenance Mandatory Mandatory Mandatory

Energy consumption analysis Mandatory Recommended Recommended
Trend analysis Recommended Recommended Optional
Asset management Recommended Optional Optional
Capacity management Recommended Optional Optional
O&M management Recommended Optional Optional
Two (multi) -node cluster hot backup Mandatory Mandatory Optional
42 Huawei Confidential g’é HUAWEI

« Mandatory: indicates that the function must be configured in this scenario.
+ Recommended: indicates that the function is applicable to this scenario.

« Optional: indicates that the function can be chosen based on the actual situation.




DCIM Performance Planning

* Based on the performance required for system running, system performance is planned and determined from the
following aspects: data collection interval, storage speed, refresh time, capacity, system control response time, and

number of accessed clients.

* This slide takes different levels of data centers as an example to describe the detailed performance planning
requirements. A user can plan the performance of data centers of different scales or types based on the

requirements of different levels.

Performance Class-A Data Center Class-B Data Center Class-C Data Center
Single bus collection interval (s) <2 <2 <2
Number of refreshed test points
per second 21,0000 #3000 > 1000
Number of concurr_em events > 2000 > 1200 > 600
stored per minute
Maximum number of concurrent > 100 > 100 >50
access requests
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DCIM Hardware Device Selection Principles

* To achieve system unification and function integrity, DCIM system hardware is provided by software
vendors or recommended partners in most cases. However, hardware must comply with certain
principles no matter where the hardware comes from.

N\ )\ )\

* Basics ¢ Reliability *  Flexibility

e The hardware must have high mechanical = The hardware must be highly reliable = Hardware devices must be modularized to
strength. The installation and fixing mode (with a service life of at least five adapt to the development of modular data
should have shockproof capabilities. years). centers.

e Hardware selection must not affect the running = The hardware must have good e The system capacity can be expanded by
of the system or other subsystems and electromagnetic compatibility (EMC) adding a few components (such as
equipment. and the devices do not generate processors and storage disks) to the system

= Normal operating temperature: ~10°C to +50°C; electromagnetic interference that processing and storage devices.

humidity: 0-95% (non-condensing); altitude: < affects the normal operation of the

e The number of system communication
3000 m. monitoring equipment.

interfaces can increase with service changes.
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Selection Suggestion - Power Supply and Distribution

Monitoring

Devices

Device Type

Suggestion

Remarks

Power detection device

Collection devices with intelligent communication interfaces are
recommended.

Do not select non-intelligent devices that use
analog output.

Devices with high data collection precision are recommended.

Electrical data is the basis of data center energy
consumption analysis. The precision of this type of
devices must meet certain requirements.

Switch monitoring device

Digital input collection and monitoring devices are recommended.

The switch has auxiliary contacts.

Digital input collection devices with high-voltage isolation or digital
output devices with high-voltage input are recommended.

The switch does not have auxiliary contacts.

Monitoring devices with a mainstream communications port are

recommended to connect to the upper-level management device. /
A single device should be able to monitor the connection and
disconnection status of multiway switches at the same time to reduce the |/

number of devices in the entire system.

Energy storage system
(ESS) collection device

Devices with mainstream communications ports are recommended to
collect lead-acid battery or lithium battery parameters.

Do not use non-intelligent DC voltage and current
sensors with analog output.

High-precision collection devices are recommended.

The voltage, current, internal resistance, and
ambient temperature of batteries greatly affect the
battery lifespan. If the collected data is inaccurate,
the battery lifespan will be affected.
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« The auxiliary switch (contact) is a part of the main switch. It is configured in the
power equipment such as the high-voltage or medium-voltage circuit breaker
and isolation switch, and functions as the switch-off, switch-on, signal control,
and interlock protection of the secondary control loop. It can also be used as the

combined switch and changeover switch. The name of an auxiliary switch
contains the word "auxiliary" because it is not an independent switch. It is an

auxiliary carrier for breaking, connecting, and interlocking functions in the control

system.




Selection Suggestion - Cooling and Environment Monitoring

Devices

Device Category

Temperature and humidity
detection device

Suggestion Remarks
Temperature and humidity sensors are recommended. /
Sensors with liquid crystal displays (LCDs) are recommended. /

Sensors with intelligent communications ports are recommended.

Do not use non-intelligent sensors with analog
output.

High-precision sensors are recommended. Generally, the temperature error

Precision air conditioner

recommended.

is within £0.5°C, and the humidity error is within = 3%. /
If the pipe of the water system is long, the device with a water detection /
cable is recommended.

Water leakage detection | If the detection area is small, the regional water leakage detector (water /

device sensor) is recommended.

Water leakage detection devices with high precision and adjustable /
sensitivity are recommended to reduce water intrusion risks.
Devices with mainstream intelligent communication interfaces are /

In the scenario with multiple devices (with redundancy configuration),
devices with the teamwork control function are recommended.

The teamwork control function enables precision
air conditioners to be networked and controlled,
which is efficient and energy-saving.

Devices that can work with advanced technologies to implement intelligent
management and proactive energy saving are recommended.

Keep data center devices advanced.
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Selection Suggestions - Security Monitoring Devices

Device Type Suggestion Remarks
For areas with ceilings inside the data center, semi-dome cameras are recommended. /
Camera For areas outside the data center or areas without ceilings inside the data center, bullet cameras are /
recommended.
For important areas or areas that require all-round surveillance, dome cameras are recommended. /
Video servers that comply with the international video compression standard and has multiple mainstream /
output interfaces are recommended.
Video server (VCN/NVR) | Video servers that support functions such as real-time video viewing, historical video playback, and multi-view /
are recommended.
Video servers whose storage duration is longer than 30 days are recommended. /
Select an appropriate access controller based on the number of doors to be managed. /
Access management Access controllers with mainstream communications ports are recommended. /
device - " P
Access controllers and access control devices that support multiple access authentication modes are /
recommended.
Detectors that support all-round detection and whose detection radius is greater than or equal to three meters /
are recommended.
Intrusion alarm device | Intrusion alarm controllers that provide mainstream communication interfaces and support intrusion events, /
alarms, and area-based control are recommended.
Intrusion alarm controllers with the anti-sabotage function are recommended. /
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Selection Suggestion - Collector and Server

Device Category Suggestion Remarks
An intelligent collector is recommended. !
The collector should have or be able to provide sufficient Al/DI/DO Used to connect to non-intelligent devices for
communications ports. monitoring.
The collector should have or can be expanded to provide sufficient intelligent Used to connect to intelligent devices for
communication interfaces. monitoring.
Collector
When the collector is disconnected from the
. server, data can be stored locally. When the
The collector must have storage capacity. system is restored, the data can be used by the
DCIM for supplementary collection or invoking.
The physical parameters of the collector must be properly set to minimize the /
occupation of U space in the cabinet.
Devices from mainstream vendors or mature application vendors are /
recommended.
Servers that support capacity expansion (processing and storage) are
Server /
recommended.
Devices with high processing capabilities and low management complexity are /
recommended.
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1. (Multiple) Which of the following are included in the security protection system of a data center?

A
B.
(o

D.

Firefighting system
Video surveillance system
Access management system

Intrusion alarm system

2. (Single) Which of the following suggestions on collector selection for the DCIM system is incorrect?

A. The intelligent collector is recommended.
B. The collector should have or be able to provide sufficient Al/DI/DO communications ports.
C. The collector should have or can be expanded to provide sufficient intelligent communication interfaces.
D. The size of the collector should be the same as that of the standard server.
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Answer: 1. BCD. 2. D.




Summary

* Main management objects of the DCIM system

* Main monitoring parameters and control contents of the DCIM system

management objects

* DCIM architecture and function requirements for data centers at different

levels

* Principles and precautions for DCIM hardware selection
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