








• 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. 









• 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









• In this course, only the reliability models of the power supply and distribution 
system and cooling system are discussed.



• 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.



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



• 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.



• 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.



• 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.











• 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.



• 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.



• 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 CNY0.5 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.







• 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%)×(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%)×(27%-25%)+9.63% =9.37%





• 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%.









• 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.











• 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.



• 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.



• Characteristics of the ROI: the economic data within the project cycle is not 
involved.
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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.



• 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.



• 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.



• 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.





• 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 Ⅲ 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.



• 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.



• 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.



• Operation effects:

▫ 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.



• 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.











• 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:

▫ 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.





• 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.



• 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.



• 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).







• 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:

▫ 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.



• 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.



• 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.





• 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.











• 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.







• In the industry, the IT power factor of 0.9 is usually used for estimation.



• 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.



• 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.



• 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.



• 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).



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





• 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.





• 0.3 = 0.2 + 0.1, including battery charge loss and UPS efficiency











• 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 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.



• 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.





• 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.













• 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.



• 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.



• 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.





• 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.













• Advantages

▫ 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

▫ 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.



• 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.



• 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.





• 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.



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

▫ 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. 

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

▫ Maintainability: Long-time system breakdown caused by faults cannot be 
prevented by high reliability.





• 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 φ1): indicates a UPS's rectification and correction 

capability of the UPS and loads.

▫ Output power factor (cos φ2): indicates the active power output capability 
of a UPS.

▫ Load power factor (cos φ3): 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.
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• 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. 

• It is 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.



• TCO: Total cost of ownership

• CAPEX: Capital expenditure

• OPEX: Operating expense









• 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.







• 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.



• 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.







• 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 
1.8 V, 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).
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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.
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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.







• 1. Answer

▫ 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

▫ 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.

▫ 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.

▫ 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.











• 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.





• The data center reliability level should be determined. Generally, for Tier III 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 II 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.









• The single power supply solution on the left is often used in the Tier I or Tier II 
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.



• Note that the preceding figure is a rough topology. The final design prevails.

• The dual power supply solution is generally used in Tier III 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.







• 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.





• Note: The figure only displaies the switching between the DG and mains. The 
power supply topology of loads is not displayed.











• 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.











• 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:

▫ 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.

▫ In the following example, E=25.

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

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

▫ 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.

▫ 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.

▫ 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)

▫ 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.

▫ 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.



• Note that in a large-sized data center, different transformers are used for UPS 
loads and power loads to avoid mutual impact.



• Circuit breakers for chillers: 500000/0.8/380/1.732 = 950; Round up and select 
1250 A circuit breakers.







• 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.



• 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 mm2 (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



• 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.









• 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.















• 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. 





• 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 I, select the N redundancy mode. If 

the system reliability level is Uptime Tier II or III, 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.



• Operating environment

▫ 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.









• 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

▫ 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.



• 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 I 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 II requirements. If the line design is reasonable and online 
maintenance can be implemented, it will meet the Uptime Tier III 

requirements.



• Application scenarios of the 2N solution

▫ 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.



• There are three control logics for a parallel DG system.

▫ 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.



• On the premise that Uptime Tier III 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.













• DG should be selected based on the local power supply modes. In China, the 
power supply mode is 220/380, 50 Hz.



• 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.

▫ 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.

▫ 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.



• 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.



• Generator power supply site:

• In Uptime Tier III 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 III 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 

I or II data centers. Only continuous operating power or derated prime rate meets 
the TIER III and IV requirements.







• The capacity is an estimation value.



• Note: The preceding figure shows part of power segments.



• 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.





• For a Tier III 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.



• 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.







• 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.



▫ 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.

▫ 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.





• 1. True

• 2. True













• One mains input is used in all the solutions mentioned in the slides. The high-
voltage mains input is not displayed.



• 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 II level.



• The construction cost of Tier I/II 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 III 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 III equipment room is 

also diversified.

• The following analyzes typical power supply topologies for Tier III data centers 

that are commonly used in the industry.

• Notes:

▫ The Uptime standard does not require continuous cooling for Tier III 
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.



• 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.



• 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.



• 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 III 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.



• 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.



• 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.



• 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 III 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 III 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.



• 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.

▫ If 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.



• 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.













• 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.





• 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.







• Dual mains inputs. The low-voltage DG and mains are switched over by the ATS 
on the low-voltage side.

• Terminal load:

▫ IT 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.





• Although this solution complies with the requirements for Uptime Tier I 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.





• Pay attention to the differences between the high-voltage DG and low-voltage 
DG in actual applications.











• 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.





• 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.





• 1. F













• The UPS system in the figure is not redundant.















• 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.





• The original power distribution solution can only meet the Uptime Tier I 
requirements.



• Note: There is no standard answer for this solution. The answer is right as long as 
the configuration is reasonable and meets the Tier III requirements. The cost is 

not considered.







• Note: There is no standard answer for this task. The answer is right as long as the 
configuration is reasonable and meets the Tier III requirements. The cost is not 

considered.



• It is recommended that a maximum of four UPSs be connected in parallel.



• 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.









• 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.



















• Many scenarios are involved. Main scenarios include construction and 
reconstruction. Other cases are special and need to be analyzed based on actual 

conditions.



• 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.





• 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.



• 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:

▫ 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.

▫ 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.











• 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.







• 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.















• 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.



• 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.



• 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.









• 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.





• Compare the two modes when power is the same.





• 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.







• In a typical in-row solution, PDFs are deployed and occupy cabinet positions.



• A power failure during the ATS switchover in a Tier III configuration is only an 
operation event, not a fault.



• 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.











• 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.











• 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.













• 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:

▫ 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.





• 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.





• 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.



• 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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• The cooling load consists of sensible heat and latent heat.



• 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.



• 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°C to 18°C–27°C. This 

initiative has been recognized and supported by electronic information 
equipment manufacturers in most countries, including China.



• 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°C to 27°C.

• Network Equipment-Building System





• Particle in GB 50174: number of suspended particles with a diameter greater than 
or equal to 0.5 µm 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.



• 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.





• 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.



• The heat from IT equipment is generally a stable value.

• IT equipment includes communication equipment, servers, storage equipment, 

and switches.





• 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.







• 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.



• 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.



• This method is not used for modular data centers.







• 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.



• (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.





• 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.



• 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.







• Tier I: small- and medium-sized users whose services can be interrupted

• Tier II: ultra-high-speed, ultra-large-capacity engineering and supercomputing 

centers

• Tier III: 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.

















• 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.





• 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.



• 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.



• Due to different installation distance requirements, the air-cooled solution has 
multiple cabinets compared with the water-cooled solution.









• 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.





• In-row air conditioners can be used if the power density is greater than 5 
kW/rack.













• 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.



• 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.













• 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. 



• 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.



• 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.





• 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.













• 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.









• 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.



• 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. 

▫ 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.

▫ 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

▫ 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.



• 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.                                                                                                   



• 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. 



• 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.

▫ 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.

▫ Disadvantage of the variable flow system: The control device of the variable 

flow system has high requirements and is complex.



• 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.



• 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. 







• 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.





• 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.





• 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. 



• 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.



• 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:

▫ 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.

▫ In 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.

▫ 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.

▫ In 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.



• Generally, distribution manifolds are designed at the water supply and return 
outlets of the chilled water unit to connect pipes to each area.







• If the air-cooled chilled water air conditioning system is used, the cooling water 
system is not required.



• Balance pipe

• SRS: Automatic scale removal system for cooling water



• 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.





• 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 < 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 cooling water. Therefore, the cooling effect 

will be significantly reduced. 



• Evaporative heat dissipation

▫ 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. 



• The water-cooled chilled water unit must use a cooling tower. The air-cooled 
chiller water unit does not require the cooling tower.





• 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.



• 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:

▫ It is recommended that the cooling tower be separately deployed and the 
antifreeze cooling tower be used.

▫ 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.

▫ 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.



• 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.



• 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%.





• 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.

▫ Add 5% to 10% of the sum of the preceding items.



















• 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).



• 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".





• 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.



• 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.



• 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.



• 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:

▫ (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.





• 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 (ΔPm) is related to the pipe material and pipe length: ΔPm = 
Δpm 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: ΔPj = ζ x ρ x v²/2. In the 
formula, ζ 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.





• Tf ≤ t < Ts – Δt°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 – Δt < t ≤ Ts + Δt: 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 + Δt ≤ 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.







• 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.



• 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



• 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.



• 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.)



• 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.





• 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

▫ 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. 



• The water-cooled chiller must use a cooling tower. The air-cooled chiller does not 
require a cooling tower.



• 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.



• 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.





• 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.





• 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.









• When the air conditioner stops running, the time for server breakdown is 
calculated as follows:

▫ < 2 kW/cabinet (< 500 W/m2): The server breaks down 12 minutes after the 
air conditioner stops running.

▫ 3 kW/cabinet: The server breaks down 8 minutes after the air conditioner 
stops running.

▫ 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.

▫ 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.



• 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.



• 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.
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• The centrifugal chiller generates surge at a load rate below 30%.
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• Answer: D













• The floor plan is from the planning cases of [HCIE-DCF-Design] Data Center 
Cooling System Planning Part 3.



• 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.



• 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.







• 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.





• 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.





• Software link: 
http://3ms.huawei.com/hi/index.php?app=Group&mod=Core&act=showSectionDa

ta&id=1469723&gid=2031921

















• Pay attention to the use of the indirect evaporation technology and direct 
ventilation free cooling technology.







• 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.
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1 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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2 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 

 Load 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. 

 

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 Calculate the maximum number of cabinets that can be supported to obtain the 
general range of IT loads that can be supported. 

Step 2 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.) 

Step 3 Calculate the cooling loads in different areas. 

Step 4 Analyze the application scenario type. 

Step 5 Determine the air conditioner type. (Take Huawei air conditioners as an example. 
Select two in-row solutions.) 

Step 6 Select air conditioners, develop a configuration solution, and verify whether the 
solution meets the requirements. 

Step 7 Determine the air supply modes. 

Step 8 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 

 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. 

 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 
 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:  

 

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 = ρ x V x (d1 – d2) x C x 1.2 

Where: ρ 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 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 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 = ρ x V x (d1 – d2) x C x 1.2 = 1.2 x 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 

 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 

 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? 

 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   
 

 

 











• 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.

▫ 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.



• 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.



• CAPEX = Strategic investment + Rolling investment.

• OPEX = Maintenance costs + Marketing costs + Labor costs (+ Depreciation).

• Reduces CAPEX:

▫ 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:

▫ 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.



• 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 UI component: a component of the web user interface (UI).

• 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 
management.

▫ 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.

▫ Backup and restoration: Maintenance tools should be able to perform 

system backup and restoration.

▫ System monitoring: The DCIM software can be monitored and managed by 

maintenance tools.

▫ Component management: DCIM software functions and services can be 
added or deleted through maintenance tools.

• Platform interfaces:

▫ 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.







• 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.



• 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.





• 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.









• PLC: Programmable Logic Controller.







• 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.



• 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.



• 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:

▫ 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.



• 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.





• 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.











• Answer:

▫ A.













• 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.



• Transparent signal transmission: In this mode, content is transmitted from the 
source address to the destination address without any change to its data.



• 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.



• This slide shows common DCIM physical deployment layers.





• Monitoring system:

▫ 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:

▫ 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:

▫ 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:

▫ 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.



• 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.



• SPCN: (U) space, power, cooling, network.









• 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.



• 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.



• 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.



• 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.







• 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.





• The RS485 interface cannot use the SNMP protocol.

• OID: object identifier.







• 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.















• 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.



• 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.





• The picture above shows the basic power distribution architecture of a data 
center.



• 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:

▫ Generator startup: A generator can be started automatically or manually 

remotely based on operation requirements.

▫ 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.

▫ Active/standby switchover: When multiple generators are configured, the 

active/standby switchover can be performed automatically or manually 
based on operation requirements.



• 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.





• 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.



• 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.







• This picture takes the primary pump system as an example to describe major 
equipment in the chilled water air conditioning system.



• 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 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.











• 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.





• 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.





• The intrusion alarm system generally consists of front-end equipment, 
transmission equipment, operation control equipment, and display and record 

equipment.

▫ 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.







• 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.













• 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.











• 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.









• 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.









• Answer: 1. BCD. 2. D.






