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Abstract: With the rapid development and wide application of information technology, enterprises 
and departments have higher and higher requirements for computing power in data centers. 
Increasing computing power in the limited space of data centers will inevitably have a certain impact 
on its energy consumption and stability. It needs to be reconstructed and upgraded collaboratively 
with computer equipment to meet the high thermal density requirements of the data center. This 
paper takes a data center in Guangdong as an example, carries out a series of optimization designs 
such as cold aisle closure for its computer room, and summarizes the strategy and ideas for the 
transition from a traditional data center computer room to a modern Enclosed-Aisle data center 
computer room. Provide suggestions for the optimal design of traditional data center computer rooms, 
and promote the construction and development of green data centers. 
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1 INTRODUCTION 

According to the statistics of the Prospective Industry Research Institute, among the operating 
costs of data centers in my country, network fees and electricity fees account for 29% and 28%, 
respectively, which account for the bulk of the operating costs of data centers[1]. At the same time, 
as the scale of data centers in Chinese cities continues to expand, higher energy consumption has 
also aggravated the city's power supply pressure. In recent years, various departments in my country 
have continuously introduced policy requirements for data center energy conservation, such as the 
Ministry of Industry and Information Technology's "Guiding Opinions on Strengthening the 
Construction of Green Data Centers by the National Agency Affairs Administration of the Ministry 
of Industry and Information Technology" (Ministry of Industry and Information Technology (2019) 
No. 24), which makes clear requirements for the evaluation indicators and management of the green 
data center. Reducing the energy cost of data centers has always been the focus of national 
departments and the industry. 

Common data center energy-saving solutions currently include: water-cooled data centers, 
chip-cooled pipeline data centers, natural fresh air data centers, traditional air-cooled data centers, 
Enclosed-Aisle data centers, etc. Among them, the first two are water-cooled data centers, which 
have high construction thresholds and risk of liquid leakage, and need to be maintained by 
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professionals; natural air-cooled data centers have certain requirements on the site temperature of the 
data center, which is suitable for lower temperatures The latter two are air-cooled data centers, and 
the construction difficulty and cost are relatively low. Among them, the Enclosed-Aisle data center 
needs to be equipped with special air ducts, which has certain requirements for the overall layout of 
the computer room, but the cooling efficiency Compared with the traditional style, there is a 
significant improvement[2]. 

This article takes a data center in Guangzhou as an example to discuss in depth the application 
and optimization design of the Enclosed-Aisle data center computer room. 

2 DATA CENTER OPTIMIZATION DESIGN 

2.1 Air conditioning system optimization 

In view of the high annual energy consumption of the built-in data center of this project, it can be 
upgraded based on the built-in cabinet. It is mainly based on the cabinet (Fig. 1) to add a hot and cold 
aisle airflow blocking device (Fig. 2), so that the cold air is concentrated to the cabinet to dissipate 
heat, which improves the cooling efficiency[3]. And through on-site investigation and software 
simulation, it is found that the scheme has certain feasibility. Air conditioners that always use 
upward or downward air supply can be realized by turning the overall computer room-level cooling 
problem to the cabinet-level cooling idea. So as to overcome the previous need to heat and heat the 
windows of the entire computer room to solve the cooling problems and problems of the computer 
room. 

 

Fig. 1 Airflow organization before transformation 

 

Fig. 2 Airflow organization after transformation 
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Image source: self-painted 

After the transformation and upgrading of this project, the total annual average EEUE was 
reduced to 1.537, reaching the design goal of "second-level more energy-efficient computer room", 
and it has significantly replaced the energy consumption value of the data center. Under the 
undisturbed compression, the always running machine room will not stop and stabilize the upgrade 
target. 

Through effective channel airflow prevention and cold aisle sealing, the original setting of the 
precision air conditioner can be increased to 26.2℃, and the setting of the precision air conditioner 
can be reduced. While conducive to the safe and stable operation of equipment in the computer room, 
the process of transforming a traditional data center into a Enclosed-Aisle data center is shown in 
Figure 3. 

 

   
Fig. 3 Data center Enclosed-Aisle renovation process (early, mid, late) 

Image source: self-photo 

2.2 Modular UPS design 

The original machine room has limited resources. It is advisable to properly plan and design the 
power of the main equipment in the machine room to avoid over-design of power equipment and 
air-conditioning equipment in the machine room, reduce ultra-light load and no-load operation, and 
strictly control the load rate of equipment during operation. The load operation of a single modular 
uninterruptible power supply system that requires operation should be greater than 70~80%. When 
the number of power modules of the modular UPS is large, it should be powered off and sleep. Too 
much power module sleep is also a waste . 

By using modular UPS and actively adopting modular UPS with DED function, the number of 
UPS modules running is controlled according to the load. The UPS operation modules operate 
alternately in an equal state to prevent potential failures and maintain them according to settings N+1 
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state operation, high efficiency and energy saving mode operation conditions, the inverter maintains 
the standby state, up to 98% high-efficiency operation, when the mains is abnormal, high-speed 
detection and high-speed switching of the load to the inverter for power supply ,As shown in Figure 
4. 

 

Figure 4 Working principle diagram of modular UPS 

Source: self-painted 

2.3 Application of water cooling technology 

The location of the project is located in a subtropical climate area, with long summers, with an 
average temperature of over 30° and an average temperature of about 18° in winter. The high air 
humidity is not conducive to the heat dissipation of the computer room air conditioning. However, 
there is no shortage of water resources in this area. According to statistics, the average annual 
temperature is below 25°C for 2500 hours. The above advantages can be fully utilized for data center 
design and transformation. 

The transformation idea is to use the condenser's water mist evaporation technology to increase 
the cooling efficiency of the computer room to more than 30%. Especially when the temperature in 
Guangdong is as high as 40℃ in summer, the efficiency of ordinary computer room air-conditioning 
condenser is likely to drop by more than 50%, and the whole machine will be in an environment with 
high energy consumption and low cooling efficiency. After adopting evaporative cooling technology, 
the summer cooling environment can be significantly improved. In addition, when the outdoor 
temperature is lower than 25°C, the evaporative cooling will automatically stop running, saving 
energy. When the evaporative cooling stops in winter, the indirect natural cooling technology is 
adopted to improve the efficiency of the natural cooling of the computer room. The design principle 
is shown in Figure 5. In summer, the water source and heat exchange pipes are used for heat 
conversion to form cold water and lead to load equipment for cooling. After cooling, the hot water 
enters the condenser again. The heat and cold generated in this process are discharged by a fan. 
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Fig. 5 Schematic diagram of an energy-saving system with evaporative cooling for the outdoor unit 
of the computer room air conditioner 

Source: self-painted 

2.4 Spatial replanning  

The data center of this project is built around the residential community. During the 
construction, the design institute did not conduct on-site inspections, resulting in many computer 
rooms installed and put into production next to the residents' rooms. The internal equipment of the 
computer room is not processed for noise reduction, and the outdoor unit of the air conditioner also 
does not consider the noise impact of nearby residents. In addition, the noise caused by the use of 
computer room air conditioners in some computer rooms has not been well resolved. After repeated 
complaints or direct intervention by users, the computer room operation and maintenance department 
can only repurchase relatively quiet household air conditioners to run. This practice of drinking 
pigeons to quench thirst has caused the precision air conditioners in the data center to remain idle for 
a long time, causing the average annual energy consumption of the computer room to continue to rise, 
and no fundamental solution can be obtained. 

After technical transformation, the front and rear doors of the original data center cabinets are 
replaced to directly realize the noise reduction function. It not only ensures the stable operation of 
the original machine room equipment, but also effectively reduces the impact of the machine room 
equipment noise on the residents. For occasions where the outdoor unit of the computer room air 
conditioner is too noisy, replace the outdoor unit of the data center air conditioner with a low-noise 
outdoor unit to achieve noise reduction operation. In addition, noise reduction facilities are 
implemented, and noise reduction boxes are installed on the outside of the air conditioner to ensure 
that the noise of the air conditioner in residential areas at night is reduced to below 45 decibels. Not 
only to avoid disturbing the people, but also to achieve the purpose of energy-saving operation of the 
overall computer room air conditioning. In addition to ensuring that the original computer room air 
conditioner is put back into operation, it also reduces the waste caused by idle equipment and 
achieves the goal of reducing the energy consumption index of the computer room. 
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2.5 High-density deployment 

How to improve the high-density computing environment of existing cabinets has always been a 
hot topic of discussion in the data center industry. At present, the average load rate of cabinets in a 
front-end center data center in Guangdong is about 4KW, which is also the maximum allowable 
ventilation rate and air volume limit of the floor. However, the actual use of the cabinet has not 
reached the full utilization of 42U. Often after only 12-18 devices are installed, the equipment is not 
installed, and the excess cabinet space is wasted. According to the best international cabinet space 
utilization rate of over 85%, the cabinet utilization rate of this project is only about 50%, and there is 
still a lot of room for improvement. 

In fact, there are practical reasons why cabinets are not fully utilized, and it is common in the 
data center industry that cabinets are not put into operation and are vacant. The fundamental reason 
is mainly the insufficient heat dissipation capacity of the existing computer room environment. When 
the ventilation air volume of a single cabinet is 500 cubic meters per hour, and when the equipment 
power density of a single cabinet exceeds 4KW, it is very easy to form a hot spot failure, causing 
local hot spots in some areas of the computer room cabinet. 

There are many solutions, mainly from two aspects. One is to upgrade the software on the basis 
of the cabinet of this project, but it requires certain technical capabilities to obtain better benefits. 
According to the on-site cabinet configuration, the main and standby PDUs in the cabinet are 
designed to be 32A/220V, allowing safe and use of 7.5KW equipment load. With such load capacity, 
it can basically meet the basic operating environment of GPU equipment and 5G equipment added in 
the future. In addition, individual higher-density devices can be achieved through capacity 
expansion. 

The second is to upgrade and transform through design practice technology. A hot air 
management device can be added to the rear of the original cabinet to solve local hot spots. Through 
the intelligent fan system, the ventilation volume of the cabinet is increased to twice that of the 
original system. A single module is 1000 cubic meters per hour. At the same time, the redundant 1+1 
mode is adopted to ensure the safety needs of the cabinet heat dissipation. The density of the original 
cabinet is increased from 3~4KW to the density of 8KW, and the hot air behind the cabinet is 
directly discharged outside the computer room. In the end, a better heat dissipation effect can be 
achieved. After this technological improvement, the computing power of the existing cabinet can be 
increased by more than 2 times, and the goal of increasing the efficiency of the cabinet resources of 
the existing computer room by a factor of 2 can be achieved. The principle is shown in Figure 6. 

In addition, the air conditioner adopts the new heat pipe natural cooling technology to 
accurately use the cooling of the cabinet-level computer room. At the same time, the natural cooling 
technology with full natural air cooling can not only solve the problem of insufficient heat 
dissipation capacity, but also solve the problems of ventilation and noise at the same time. 
Significantly improve the energy-saving efficiency of the computer room, and extend the building 
service life of the existing computer room and meet the needs of future business growth, while also 
achieving the purpose of maintaining and increasing the value of fixed assets. 
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Fig. 6 Schematic diagram of cabinet efficiency improvement 

Source: self-painted 

In addition, the principle of wind wall technology can be used to increase power density, reduce 
building requirements due to floor height restrictions, facilitate the use of natural cooling from the 
outside, and overcome the constraints of low-power inter-row air conditioners to meet new air 
conditioners in medium and large data centers Cooling is needed. It is a technical solution for the 
upgrading and transformation of traditional data centers. 

2.6 Use power lithium battery 

The UPS backup battery originally used in this project is a lead-acid battery, which needs to be 
replaced every three years. The use of lead-acid batteries is not only expensive, but also pollutes the 
environment and takes up valuable data center building area. On the other hand, lithium batteries 
have been affected by the development of the electric vehicle industry in recent years. Large-scale 
power lithium batteries are produced and manufactured on a large scale and have mature application 
technologies, which can be considered for use in data centers. In addition, 40% of computer rooms 
abroad have begun to use lithium battery solutions to replace inefficient lead-acid maintenance-free 
battery packs. Table 1 is a comparison table of lead-acid batteries and lithium batteries. It can be 
seen that lithium batteries have obvious advantages in size, weight and life. In addition, although 
lithium batteries are expensive, their small size and customizable features can significantly save data 
center space. So as to make space preparations for the additional central computer room needed for 
future business expansion.  

 

 

Tab. 1 Comparison table of lead-acid batteries and lithium batteries 



SSH, 2020, Volume 10 
http://paper.ieti.net/ssh/index.html      
DOI: http://dx.doi.org/10.6896/IETITSSH.202011_10.0008 
 

 75 

Category/item Lead-acid batteries lithium battery 

battery capacity 12V, 100Ah 12V, 100Ah 

size 330×170×345 (mm) 145×270×200 (mm) 

unit weight 34.5N 12N 

Square weight ≥517N ≥180N 

Floor reinforcement need Not needed 

life 3-5 years 7-10 years 

price ≈600 yuan ≈3000 yuan 

Source: self-painted 

Considering the cost factors of lithium battery construction and the operating characteristics of a 
front-end center enterprise in Guangdong, in order to reduce the total cost of the renovation project, 
the number of batteries can be reduced, and the back-up time can be shortened from 4-8 hours to 30 
minutes, thereby reducing batteries purchase cost. In addition, in order to prevent the possibility of 
various accidents, this project is also equipped with a fully automatic generator. In terms of 
deployment, multiple operation and maintenance centers are set up to respond in a timely manner in 
accordance with the grid management model to avoid the hidden dangers caused by only setting up 
an emergency power generation center in the past. This project was equipped with a 4-8 hour backup 
UPS battery pack before the transformation. In order to achieve long-term back cruising, a large 
number of battery packs need to be prepared. However, lead-acid maintenance-free batteries have 
low discharge efficiency at a short-term rate and require a three-year replacement cycle. The waste 
caused is obvious. At the same time, after the renovation, the cost of air-conditioning refrigeration 
electricity consumed due to the natural heat dissipation of the battery is also reduced. 

At present, in the data center industry, the lithium battery packs used in the communication 
dispatching room of China Southern Power Grid and multiple similar business computer rooms have 
obtained good returns. With the widespread use of lithium batteries, it is reasonable to speculate that 
the purchase cost of lithium batteries will be further reduced in the next 2-3 years. The application in 
this project will reduce the waste of power in the data center caused by the backward battery pack 
technology. For example, the use of power lithium batteries in the computer room of the Electric 
Power Research Institute of Guangdong Power Grid Corporation of China Southern Power Grid has 
achieved the purpose of energy saving, and the UPS can run smoothly. 

2.7 Improve lighting system 

The energy-saving improvement of the lighting system in the computer room is the easiest 
technical means to achieve in the energy-saving system of the computer room. When talking about 
energy-saving lighting systems in computer rooms, many practitioners or scholars first consider 
smart lighting systems. However, in addition to the lighting itself, the smart lighting system also 
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needs to be equipped with smart software and hardware. In addition, the smart lighting system also 
needs electrical energy to keep the sensing equipment active during non-lighting periods, and it will 
also be illuminated by the induction of the system when lighting is not needed, which invisibly 
causes a waste of electrical energy. More importantly, its investment cost is high, and routine 
maintenance is relatively complicated. 

In practical applications, it is observed that part of the data center space does not need to be 
covered by smart lighting systems. For example, at the front of the cabinet, lighting is only needed 
when engineers need to perform debugging and maintenance, so it can be changed to an original 
manual lighting system. The principle is to install a pull switch beside the LED lighting fixture in 
front of the cabinet. When the operator needs to use the cabinet, he can pull the switch to turn on the 
lighting. When leaving, turn off the pull switch. Fundamentally, only when lighting is needed, the 
local lighting in the computer room is actively turned on. And only public channels use infrared 
automatic lighting system. 

The use of manual and intelligent mixed-use lighting systems has greatly reduced the cost of 
lighting renovation and achieved significant results. After testing, compared with the electricity 
consumption of the lighting system before the transformation, the lighting system of the data center 
after the transformation has saved more than 60% of the electricity. 

3 CONCLUSIONS 

Through a series of optimized design and technical measures for the data center of this project, 
some improvement measures for the optimized design of the Enclosed-Aisle in the data center 
computer room are summarized. Especially in the environment of uninterrupted operation of the 
original machine room, the upgrading and transformation of the traditional old data center that has 
been continuously operating for more than 10 years has significant benefits. Without large-scale 
dismantling and replacement of cabinet equipment, and without changing the overall layout, the 
implementation of multiple energy-saving technical measures has achieved significant energy-saving 
effects. 

In recent years, in response to national policies, many computer rooms have continuously 
reduced their average annual energy consumption to the level of second-class energy-saving 
computer rooms. In the context of promoting smart city development goals, the concept of "green" 
has also been implemented in all key links of data center planning and design, equipment 
procurement, computer room construction, and daily operation and maintenance. It can not only 
assess and constrain the operation and maintenance department to achieve a continuous reduction in 
energy consumption index, but also ensure that every aspect of the design and construction of the 
data center is fully emphasized. Through continuous digging and improvement of the specific design 
details of the data center, the concept of a green data center is finally realized. Continue to reduce the 
energy consumption of the data center, and even fundamentally reduce the operation and 
maintenance costs of the data itself, thereby alleviating the economic burden of information 
technology and accelerating the construction and popularization of smart cities. 
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Reasonable planning can prevent waste from over-planning, thus laying a good foundation for 
energy conservation and efficiency enhancement in the later operation and maintenance stage. The 
assessment of the average annual energy consumption index for enterprises has far-reaching 
significance. It is not only saving some electricity bills, but also a need for future 5G business and 
government and enterprise support platforms. It is also a strategic decision to continuously improve 
and enhance the competitiveness of enterprises. 
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