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Abstract: Lithium-ion batteries have many advantages, such as small size, light weight, and a long 
service life. An increasing number of data centers use Lithium-ion batteries to replace traditional lead-
acid batteries. To improve reliability, data centers usually use the dual-bus and multi-bus architecture. 
The number of batteries increases in proportion to the number of UPSs. As a result, the cost of devices, 
equipment rooms, and load bearing increases. Lithium-ion battery resource pooling can reduce the 
customer's initial investment by sharing battery strings while satisfying the customer's reliability 
requirements. This document describes Lithium-ion battery resource pooling and problems solved by 
this solution. 
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Statement 

This document belongs to Huawei Technologies Co., Ltd. No entity or individual is allowed to 
copy or reproduce this document partially or fully or distribute the document in any form or by 
any means without prior written consent of Huawei Technologies Co., Ltd. 

All materials and information in this document are provided "as is" for discussion only and do 
not represent any formal commitment or final position or constitute a warranty of any kind, 
expressed or implied, including but not limited to warranty on non-infringement, commercial use, 
and applicability to specific purposes. Huawei does not guarantee the accuracy of information 
provided in this document. The information in this document is subject to correction, 
modification, and change without notice. Huawei Technologies Co., Ltd. does not take any risk 
brought about by using or relying on the information of this document.  

 is trademarks or registered trademarks of Huawei Technologies Co., Ltd. All other company 
names and trademarks mentioned in this document are property of their respective owners. 
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Preface 

Compared with traditional lead-acid batteries, Lithium-ion batteries are smaller and lighter. A 
Lithium-ion battery is one third of a lead-acid battery in size and in weight. A Lithium-ion battery 
has a larger capacity than a lead-acid battery of the same size. With the large-scale commercial 
use of Lithium-ion batteries, the price of Lithium-ion batteries decreases rapidly. It has become a 
trend to replace traditional lead-acid batteries with Lithium-ion batteries in data centers. 

Data centers usually use the dual-bus and multi-bus architecture. The number of batteries 
increases in proportion to the number of UPSs. How to further reduce the investment and O&M 
costs when Lithium-ion batteries are used has become a growing concern of data center owners. 
This document focuses on the analysis and description of problems involved in Lithium-ion 
battery resource pooling and provides solutions for reference. 
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1 Data Center Power Supply Architecture and Cost Impact 

1.1 Data Center Power Supply Architecture 

The UPS power supply solutions for data centers include the single power supply (N or N+1), 
distributed cross power supply, and dual or multiple power supplies. A single power supply 
system can be an N power supply system or N+1/parallel power supply system. An N power 
supply system consists of a single UPS or a group of UPSs. The capacity of an N power supply 
system matches the capacity of key loads or is redundant. The N+1 or parallel power supply 
refers to parallel redundancy solutions. In this mode, UPSs with the same capacity are connected 
in parallel and provide a common output bus, with a standby UPS system available. The 
distributed cross power supply means that the output bus is connected to key loads through 
multiple power distribution units (PDUs) to ensure redundancy of power supplies to loads. Dual 
or multiple power supplies are used to supply power to key loads. They are independent and 
mutually redundant from the input end to the output end of the system. 

Figure A A single UPS system Figure B A parallel system 
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Figure C Distributed cross power 
supply 

Figure D Dual power supplies 
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1.2 High Costs for High Reliability 

With the continuous development of modern power technologies, requirements on power supply 
quality are significantly enhanced. Currently, data centers usually use dual or multiple power 
supply solutions that feature high reliability. However, according to a conventional battery 
configuration method, to ensure that the system obtains the same backup time in case of a fault, 
each UPS needs to be configured with a battery string respectively. In this way, if a UPS works in 
redundancy mode, its batteries are also redundant. If the UPS is faulty, its batteries are also 
faulty. The number of backup batteries increases with the number of UPSs, which increases the 
cost. 

How to ensure the reliability of a dual or multiple power supply system while minimizing the 
configuration without affecting the backup time? In other words, how to reduce or eliminate 
redundant batteries when the UPS works in redundancy mode? Lithium-ion batteries are widely 
used in data centers. Calculated based on the entire life cycle (during which lead-acid batteries 
are replaced twice), the total cost of Lithium-ion batteries is very close to that of lead-acid 
batteries. Undoubtedly, if the preferred architecture (such as a dual or multiple power supply 
system) with high reliability is used and the configuration cost of Lithium-ion batteries can be 
further reduced, it will be easier to promote Lithium-ion battery solutions among customers and 
accelerate the replacement of lead-acid batteries with Lithium-ion batteries. 

2 Cost-Effective Solutions 

2.1 Battery String Sharing Solution 

In the N+X redundancy system with a single power supply, two or more UPSs share one or more 
battery strings. When the mains is normal, the UPSs charge the battery strings at the same time. 
When the mains is abnormal or interrupted, each UPS converts the energy of the battery strings 
into AC power to supply power to loads.  

Figure E Not sharing battery strings 
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Figure F Sharing battering strings 
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The battery string sharing solution has the following advantages:   

1. Saving initial capital investment 

As the required number of batteries decreases, the investment in batteries, transportation, 
and installation is reduced.   

2. Reducing footprint and load bearing investment 

As the required number of batteries decreases, the investment in footprint and load bearing 
is reduced.   

3. Improving battery efficiency and utilization 
The primary system and the redundant system share battery strings to maximize battery 
utilization.  

The battery string sharing solution involves the following problems: 

1. Batteries strings are directly connected using a DC busbar, which may cause a single point of 
failure on the busbar.  

As shown on the right of Figure F, when the busbar is short-circuited, the backup battery 
cannot supply power to the UPS.  

2. How to manage batteries in a parallel system in a coordinated manner?  

The battery management and charge/discharge logic coordination of UPS 1 and UPS 2 need 
to be considered comprehensively.  

3. How to implement the battery test function of shared battery strings?  

During a battery discharge test, the backup power may be lost.  

4. How to implement protection and isolation when a single battery string is faulty? 

A faulty battery string needs to be isolated so that the busbar power supply is not affected. 

5. How to implement phased capacity expansion? 

To reduce initial investment, owners may choose to expand the capacity by phase, and old 
and new batteries are used together. How to maximize the battery performance while using 
old and new batteries together? 

2.2 Battery Resource Pooling Solution 

A similar battery string sharing solution which is called battery resource pooling is adopted in the 
2N system with dual power supplies. Two independent UPS systems use multiple battery strings 
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for comprehensive battery utilization and resource sharing. Multiple battery strings form an 
energy resource pool, and multiple systems can obtain energy from the pool. The working 
manner of each system is similar to that of the preceding battery string sharing solution used for 
a single power supply. Therefore, the advantages and problems of resource pooling are similar to 
those of the preceding solution, but the implementation is more difficult. 

In addition, after battery resources are pooled, batteries cannot be physically isolated in the 2N 
architecture. Therefore, the highest design level cannot be met. 

2.2.1 Special Requirements for Lithium-ion Battery Resource Pooling 

The 2N system with dual power supplies has higher reliability requirements. The requirements are 
as follows: If a single Lithium-ion battery string is faulty, it is automatically isolated and does not 
affect the power supply of the bus. If a single bus is faulty, it is automatically isolated and does 
not affect the 2N system power supply. 

In addition, different from a parallel system, a 2N system does not provide communication 
between UPSs, making it difficult to implement the charge and discharge coordination. Therefore, 
the Lithium-ion battery resource pooling system must be able to automatically adjust and switch 
between the charge and discharge status, which poses higher requirements on Lithium-ion 
battery systems. 

Besides, the reliability of the Lithium-ion battery resource pooling system is determined by the 
system itself. Not like the battery string sharing solution, it is impossible to discharge the battery 
strings at the same time to perform related battery tests. The resource pooling system needs to 
ensure the backup time during battery tests to ensure the reliability of dual power supplies. 

Based on the preceding requirements, Lithium-ion battery resource pooling solutions are 
classified into the centralized bus solution and distributed bus solution. 

Figure G Centralized bus resource pooling 
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Figure H Distributed bus resource pooling 
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For both centralized bus and distributed bus solutions, the number of Lithium-ion batteries is 
reduced from 2N to N+1, greatly reducing the configuration cost. In addition, the backup time is 
sufficient even if a single cabinet is faulty. 

From the perspective of system reliability, the distributed bus resource pooling solution is more 
suitable for customers requiring high reliability. The following describes the fault isolation, phased 
capacity expansion, and battery test of the resource pooling solution. 

2.2.2 Fault Isolation of Lithium-ion Battery Resource Pooling 

Figure I Theoretical fault point diagram 
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s1: The bus of the combiner cabinet is short-circuited. 

s2: The cable between the Lithium-ion battery cabinet and the combiner cabinet is short-
circuited. 
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s3: The Lithium-ion battery cabinet is short-circuited due to an internal fault. 

Fault isolation logic: 

s1 is short-circuited.F1 to F_N+1 in combiner cabinet A are blown without affecting other 
points.Power supply A stops supplying power, and power supply B supplies power to the 2N 
system. 

s2 is short-circuited.F1 in combiner cabinet A is blown without affecting other points (the 
battery fuse and the combiner cabinet fuse are blown at different levels).Battery 1 in power 
supply A stops supplying power, and the 2N system supplies power properly. 

s3 is short-circuited.Battery 1 fuse or F1 in combiner cabinet A is blown without affecting other 
points.Battery 1 in power supply A stops supplying power, and the 2N system supplies power 
properly. 

In conclusion, N+1 Lithium-ion battery cabinets are configured for the Lithium-ion battery 
resource pooling system in a 2N system. If a short circuit occurs but not on the bus of the 
combiner cabinet, a single Lithium-ion battery cabinet stops supplying power and the 2N system 
supplies power properly. If the bus is short-circuited, the single Lithium-ion battery system stops 
supplying power, and the other system supplies power properly. 

2.2.3 Phased Capacity Expansion of Lithium-ion Battery Resource Pooling 

When Lithium-ion batteries are used in data centers, owners select the phased delivery mode 
based on the plan to reduce the initial investment. That is, at the initial stage, half of the power 
and backup batteries are configured for half of the services to be launched. After several years, 
the other half of the power and backup batteries are configured by online capacity expansion for 
remaining services to be launched. Due to phased capacity expansion, old and new battery 
cabinets form a parallel system to provide backup power. This problem needs to be resolved for 
Lithium-ion battery resource pooling so that old and new battery cabinets can be connected in 
parallel to maximize the performance. 
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Figure J Current balancing control for Lithium-ion batteries 
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The Lithium-ion battery controls its own current balancing. As shown in Figure J, a power control 
circuit for the intelligent management module is added to each battery loop, and the duty cycle 
of the power circuit can be adjusted by adjusting and controlling the power circuit, thereby 
adjusting the cell charge and discharge currents (I1, I2, ...).   

After intelligent management modules are added, the current balancing is controlled within 2% 
when the SOHs/SOCs of batteries are the same. If the SOHs/SOCs of batteries are different, the 
current of each Lithium-ion battery cabinet is allocated based on the SOH/SOC. Larger current is 
allocated to a battery with a higher SOH/SOC value. In this way, when multiple battery cabinets 
are connected in parallel, the current is automatically allocated based on the SOH/SOC. As a 
result, new batteries discharge more energy than old batteries, and the cabinets reach the EOD 
basically at the same time. 

2.2.4 Battery Capacity Test of Lithium-ion Battery Resource Pooling 

As described in the previous chapters, in a battery discharge test such as a capacity test, a 
conventional method is to discharge all batteries connected in parallel at constant power at the 
same time to accurately obtain the SOHs of the batteries. However, when this method is used, all 
battery energy needs to be discharged, and there is a risk that backup power is lost. For a 2N 
system with Lithium-ion battery resource pooling, this risk affects dual power backup. This 
problem needs to be resolved for Lithium-ion battery resource pooling so that capacity tests of 
Lithium-ion battery cabinets do not affect the backup time and reduce reliability. 
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Figure K Capacity test for each battery string 
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Traditionally, all batteries in a string need to be discharged to the EOD at the same time to 
obtain the SOH data and backup time of high precision. However, there is a risk that the backup 
power is unavailable for a short time after the capacity test is complete. 

Principle for performing a capacity test for each battery string: In normal mode, the capacity test 
is performed on each Lithium-ion battery cabinet connected in parallel one by one. After a 
battery string is discharged for the capacity test, it is fully charged immediately. Then, the next 
string is discharged and tested until all strings are tested. 

To perform a capacity test for each battery string in a Lithium-ion battery system, the system 
components provide the following functions: 

1. The UPS can be powered by both the mains and batteries. That is, power to loads is supplied 
by the mains and batteries. In this way, the loads are powered by both the mains and 
batteries, and a single battery string can be discharged at constant power. 

2. Lithium-ion battery strings can be charged or discharged. In a system with Lithium-ion 
battery cabinets connected in parallel, each cabinet can run independently. During a capacity 
self-test of a single battery string, only this battery string generates the actual discharge 
current, and other battery strings are not charged or discharged. 

3. During a capacity self-test of a single battery string, the Lithium-ion battery cabinet and 
battery module can collect battery voltage and current information to calculate the SOH of 
the battery string. 

4. When the mains is normal, perform capacity tests on battery strings 1, 2, ..., and N in 
sequence. After the capacity test of a battery string is complete, fully charge the battery 
string before performing a capacity test on the next battery string. After the operation is 
completed in sequence, real-time battery capacities of all battery strings are calculated. The 
following figure shows the battery capacity test sequence. 



 

Page 13 of 14 

Figure L Capacity test logic 
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5. If the mains is abnormal during a battery capacity self-test, the system needs to quickly exit 
the capacity self-test state. 

The preceding functions and control allow capacity tests to be performed in time sequence for a 
Lithium-ion battery resource pooling system. Thanks to N+1 redundancy of Lithium-ion battery 
cabinets, the total backup time of the system is not affected even if the batteries of a tested 
Lithium-ion battery cabinet are completely discharged. 

2.3 Benefits of Lithium-ion Battery Resource Pooling 

Compared with the traditional Lithium-ion battery solution, the resource pooling solution for the 
2N system with 2 MW UPSs and 10-minute backup time reduces the overall cost by 30%. 

Figure M Diagram of the 2N Lithium-ion battery resource pooling solution 
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Architecture Single UPS 
Capacity 
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3 Conclusion 

The Lithium-ion battery resource pooling solution shares batteries of the 2N system, and 
therefore the battery system is not completely physically isolated, which affects the reliability. 
However, with resource pooling, the Lithium-ion battery uses the current balancing adjustment 
function of the built-in intelligent management module and the joint power supply function of 
the UPS to implement battery resource sharing in a 2N system, effectively reducing system costs. 
In addition, technical control solves problems such as fault isolation, phased capacity expansion, 
and capacity tests for battery strings in this scenario, greatly improving system reliability and 
availability. Compared with the 2N system using traditional lead-acid batteries, the Lithium-ion 
battery resource pooling system eliminates the cost bottleneck and provides strong support for 
replacing lead-acid batteries with Lithium-ion batteries in data centers. 


