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a b s t r a c t
With the increasing number of water conservancy and hydropower projects, in order to better meet 
the objective requirements of energy saving and consumption reduction, this paper puts forward the 
research on electrical energy-saving control methods of hydraulic engineering based on cloud com-
puting. From the point of view of analyzing the main causes of power waste in water conservancy 
projects, this paper constructs a data model of electrical energy consumption of water conservancy 
projects based on cloud computing, completes the electrical energy-saving design of water con-
servancy projects through a data energy-saving algorithm classification and data energy-saving 
algorithm based on dynamic voltage and frequency scaling, realizes the evaluation of energy effi-
ciency index of electrical energy consumption data, and finally designs a three-phase asynchronous 
motor dual CPU system based on cloud computing design. Through the experiment, it is proved 
that the energy-saving effect is obvious, which effectively improves the utilization rate of water con-
servancy and electric power energy, greatly improves the quality of people’s lives, and provides a 
reference for improving the operation effect of water conservancy projects.

Keywords:  Cloud computing; Water conservancy project; Electricity; Energy saving; Three-phase 
asynchronous motor

1. Introduction

With the development of the concept of a low-carbon 
economy, a series of clean and renewable energy such as 
hydropower, wind power and photovoltaic power gener-
ation has been rapidly popularized. With the continuous 
improvement of China’s science and technology level, the 
innovation and creation of energy production technology 
have been highly concerned by the state. Therefore, China’s 
current basic industries on energy production are highly 
valued by the state, and water conservancy and electric 
power energy are also one of the energy sources that peo-
ple are exposed to in their daily life. The effective utilization 
of water conservancy and electric power energy can greatly 

improve people’s quality of life and promote the develop-
ment of socialization [1,2].

In ocean energy power generation, tidal power genera-
tion has broad development prospects [3]. Aiming at this, a 
tidal power generation experimental device was designed, 
and preliminary research was carried out in the laboratory, 
which laid the foundation for the ocean test of tidal power 
generation. In the tidal power generation simulator con-
trol system, the frequency conversion speed regulation of 
three-phase asynchronous motors is the key technology of 
power flow simulation. For this reason, the LabVIEW oper-
ation interface and program flow chart are designed on the 
host computer. The data transmission adopts VISA technol-
ogy. The continuous operation of the inverter is controlled 
by RS485 communication. The three-phase asynchronous 
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motor drives the two-way impeller pump to drive the water 
flow, and the simulation research of tidal power generation 
can be carried out. Nowadays, cloud computing has been 
more and more used in many scientific and manufactur-
ing fields because of its flexibility to adapt to high-demand 
computing requirements. The energy factor adds another 
layer of complexity to task scheduling because it needs 
to be used to the maximum. Resource and reduce its idle 
state [4]. Yang et al. [5] found that in the cloud computing 
paradigm, due to the existence of heterogeneous appli-
cations, the energy-saving allocation of different virtual-
ized Information and Communications Technology (ICT) 
resources is a complex issue, and the ICT resource capacity 
is controversial to allocate required workloads. The existing 
hardware and software technologies related to energy-sav-
ing resource allocation are summarized, and the available 
technologies in the literature are summarized based on the 
classification of energy-saving research dimensions. Vila et 
al. [6] found that cloud data centers consume a lot of power, 
which increases their operating costs. This shows the impor-
tance of investing in energy-consuming technologies. Using 
meta-heuristics to dynamically place virtual machines to 
appropriate physical nodes is one of the ways to reduce 
energy consumption. In meta-heuristic algorithms, there 
should be a balance between exploration and utilization, 
so that they can find a better solution in the search space. 
Exploration means finding solutions in a broader field, 
while development means generating new solutions from 
existing solutions. A scheduling framework is proposed: a 
hybrid scheduling framework based on ABC and PSO algo-
rithms. Experimental results show that the energy consump-
tion of the non-migration mode is reduced by 4%–8%, and 
the energy consumption of the migration mode is reduced 
by 3%–12%. In addition, in the non-migration mode, com-
puting power consumption is reduced by 5%–14%, and 
in the migration mode, computing power consumption is 
reduced by 5%–28%. In the model without migration, the 
total execution time can be reduced by up to 15%, while in 
the mode with migration, the total execution time is reduced 
by approximately 27%. In the non-migration mode, up to 
53% throughput can be obtained, and 67% throughput can 
be obtained through migration. Finally, 9%–23% of SLA 
violation improvements were also evaluated. Zhang et al. 
[7] considered the complex characteristics of urban bus 
line traffic flow and the nonlinear characteristics of vehicle 
dynamics, energy optimization management based on clus-
tering and driving status recognition is still a challenging 
problem. A cloud computing-based energy optimization 
control framework for plug-in hybrid electric buses is pro-
posed. The framework includes an offline part and an online 
part, which can realize the driving condition clustering of 
the offline part and the energy management of the online 
part. In the offline part, the operating data transmitted to the 
remote monitoring center by the bus is used to cluster the 
driving conditions using the K-means algorithm to generate 
a Markov probability transition matrix to predict the possi-
ble operational needs of bus drivers. Simulation and hard-
ware-in-the-loop tests are carried out using actual urban 
bus lines as an example. The results show that this strategy 
can significantly improve vehicle fuel economy. With the 
increase of traffic flow data feedback, each plug-in hybrid 

bus’s is fuel consumption on a particular bus route tends to 
a stable minimum. Due to the large volume, multiple types, 
and high speed of big power data, traditional computing is 
difficult to handle well [8]. On the basis of in-depth research 
on cloud computing technology, try to use cloud comput-
ing in the dispatch business. Introduced a scheduling cloud 
framework, detailed the hierarchical structure of the sched-
uling cloud infrastructure layer, platform layer, and service 
layer, clarified the five application services of the schedul-
ing cloud and designed the topology and workflow of the 
scheduling cloud. Through simulation, the efficiency of 
cloud computing and traditional computing is compared, 
and the feasibility of using cloud computing to process 
electric power big data is verified. Finally, a cloud comput-
ing method for processing power big data in the system 
memory is proposed, and experiments prove that the cloud 
computing method can optimize the scheduling cloud.

Based on the above research, this paper puts forward 
the research of electrical energy-saving control methods 
of water conservancy projects based on cloud computing. 
Firstly, from the perspective of analyzing the main reasons 
for power waste in water conservancy projects, the electrical 
energy consumption data model of water conservancy proj-
ects is constructed based on cloud computing, and the elec-
trical energy-saving design of water conservancy projects is 
completed by a data energy-saving algorithm classification 
and data energy-saving algorithm based on dynamic volt-
age and frequency scaling (DVFS). At present, the energy 
efficiency index evaluation of electrical energy consump-
tion data, the final design based on cloud computing design 
of three-phase asynchronous motor dual CPU system, to 
achieve electrical energy-saving control of water conservancy 
projects, improve the rationality of electrical energy-saving 
design, optimize the energy-saving design management 
environment, and improve the design level. Through the 
verification, the energy-saving effect is obvious, ensuring the 
implementation of the electrical energy-saving design.

2. Main causes of power waste in water conservancy 
projects

The electrical design of water conservancy project 
directly affects the economic efficiency and energy-saving 
effect of water conservancy project operation, so we must 
pay attention to the relevant electrical energy-saving design, 
but in the actual design process, there are many problems, 
which make the energy-saving effect of water conservancy 
project is greatly affected, which leads to the phenomenon 
of power waste.

2.1. Lack of electrical energy-saving design system for water 
conservancy projects

In the process of electrical energy-saving design of water 
conservancy projects, there are often some documents with 
insufficient standardization and poor consistency, and the 
corresponding rules and regulations are also lack of nec-
essary perfection. Relevant rules and regulations need to 
be improved. In the process of electrical energy-saving 
design of water conservancy projects, there are often some 
documents with insufficient standardization and poor 
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uniformity, as well as some earlier specifications. In the 
actual implementation process of the project, many con-
struction units only consider the needs of their own units 
when carrying out water conservancy construction, resulting 
in the project electrical quality is not unified enough.

2.2. Backward energy-saving products

The application of energy-saving products in water 
conservancy projects lags behind. From the current con-
struction situation of the water conservancy project, there 
is a situation that the capital investment and management 
are not in place, resulting in the actual procurement and 
installation process of products reduce the standard. In 
the process of electrical energy-saving design of water 
conservancy projects, various energy-saving products 
are often used according to the design needs. However, 
at present, the design of energy-saving products in many 
fields in China is not perfect, and even there are no rele-
vant energy-saving products. At present, China has begun 
to pay attention to the energy-saving design of related 
projects, so a lot of money has been invested in the ener-
gy-saving design of the project, but the achievements are 
not so great. This is because many managers misappro-
priate their own funds and use conventional products to 
replace energy-saving products in order to reduce engi-
neering costs. Many managers even use some products 
that should be eliminated as conventional equipment, and 
this equipment not only does not have the correspond-
ing energy-saving effect, but also produce large energy 
consumption, which leads to the electrical energy-saving 
design of water conservancy projects is not ideal.

2.3. Energy saving consciousness of designers is not enough

In the electrical design of the water conservancy project, 
the designer’s understanding is not enough. With the devel-
opment of water conservancy projects, there are still some 
designers who have not changed their thinking, only pay 
attention to the needs and interests of construction, ignoring 
energy-saving design, resulting in energy waste. Therefore, 
as a professional designer, it is necessary to pay attention 
to energy saving in design and implement energy saving. 
Some designers pay more attention to the overall functional 
design of the system, but ignore the design of energy- saving. 
In this way, after the design is completed, although it can 
provide normal functions, it cannot achieve the purpose 
of energy-saving. Although designers attach great impor-
tance to the relevant functional design, they only consider 
the design specifications and design requirements of the 
project and ignore the influence of the surrounding envi-
ronment and use factors. As a result, although the water 
conservancy project also has corresponding functions after 
the completion of the project, due to the lack of consider-
ation of the needs of the surrounding users in the design, 
there are big problems in the power supply, and the enter-
prises and residents in the surrounding environment need 
to use electricity, which brings some inconvenience, which 
makes the engineering design unreasonable. Relevant rules 
and regulations need to be improved. In the process of elec-
trical energy-saving design of water conservancy projects, 

there are often documents with insufficient standardization 
and poor uniformity, as well as some earlier specifications. 
The application of energy-saving products in water con-
servancy projects lags behind. From the current construc-
tion situation of the water conservancy project, there is a 
situation that the capital investment and management are 
not in place, resulting in the actual procurement and instal-
lation process of products reduce the standard.

3. Building data energy consumption model based on 
cloud computing

Due to improper energy-saving measures of water con-
servancy projects, it is likely to cause large-scale and large-
scale power waste. In addition, as the main national policy 
in the new period, energy conservation and emission reduc-
tion, green environmental protection and energy-saving 
projects have long been included in the 12th Five Year Plan. 
However, the long-term high load of water conservancy 
projects leads to the occurrence of high-risk accidents such 
as a fire caused by overload, which is threatening people’s 
life and property safety. Based on this, using the advan-
tages of cloud computing to build water conservancy project 
energy consumption model, statistics of water conservancy 
project electrical consumption data, for energy-saving 
control preparation.

3.1. Setting electrical data environment of water conservancy 
project based on cloud computing

The Research scenario-focused in this paper is to set the 
electrical data environment of water conservancy projects 
based on cloud computing, which refers to the scheduling 
and management of virtual computing resources in cloud 
computing data centers for energy saving. Its operation and 
maintenance object is the virtualized data center infrastruc-
ture running MapReduce distributed computing load, and 
the focus is computing resource server providing IT services, 
which can be expressed as DC = {H1,H2,…,HN}. HN refers to 
the computing node, that is, the physical server that pro-
vides computing power. In the data center of distributed 
computing, nodes are divided into computing nodes and 
storage nodes. Data and files are stored on storage nodes 
using a network file system (NFS). The physical host HN of 
the computing node is isomorphic and has the same com-
puting resource capacity (CPU, memory, disk). The phys-
ical host runs heterogeneous virtual machines on it and is 
provided by VMware or Xen. Although the virtual machine 
is heterogeneous, it is not randomly heterogeneous. There 
are a certain number of virtual machine types defined in 
advance. The virtual machines in each type are isomorphic, 
and the resource occupancy is R.

In order to record and describe the current state in the 
cluster, a matrix is used to describe the state in the virtual 
cluster:
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Each row of the matrix represents the current state of 
a physical host, and each element of the matrix represents 
the virtual machine running on that host. Each element of 
the matrix has two parameters: the resource occupancy 
of the virtual machine R and the label of the physical host 
where the virtual machine is located (i.e., the row mark in the 
matrix). The sum of resource occupancy R of each element 
in each line represents the allocated resource amount of the 
physical host. If it is equal to, it means that there is no vir-
tual machine running in an idle state on the host. The third 
line in the above formula indicates that the host is idle.

Distributed computing job is a typical application in the 
cloud computing environment, which is used to process 
and analyze large-scale data, such as data mining applica-
tions. Because the distributed computing method requires 
isomorphic computing nodes, the virtual machine resources 
allocated to a job in this paper belong to the same virtual 
machine type. The type of the virtual machine computing 
instance can be specified by the user or assigned by the man-
agement system. The computing jobs in the private cloud 
are predictable, and a considerable number of the same jobs 
are often executed. Therefore, this paper assumes that the 
job execution time can be estimated based on the historical 
data of previous jobs. The jobs in cloud computing are iso-
lated and do not affect and preempt each other.

Finally, the virtual machine in the virtualization platform 
is used to complete cloud computing and set the electrical 
data environment of water conservancy projects. The vir-
tual machine provides the function of real-time migration 
and realizes the migration which is transparent to users 
and has little impact on the quality of service. In the inte-
grated cluster, the physical servers can be turned on and 
off, and the energy consumption of the shutdown or dor-
mant servers is approximately zero. The job load in a cloud 

environment is dynamic and continuously arriving and 
leaving. Virtual machine migration can make full use of vir-
tual machine migration to achieve more efficient resource 
aggregation. However, virtual machine migration brings 
time and energy costs, so it is necessary to reduce excessive 
frequent migration in dynamic resource placement strategy.

3.2. Realization of electrical energy consumption management 
system architecture of water conservancy project

Based on the above water conservancy engineering 
electrical data environment, an energy-saving independent 
management system architecture for the cloud comput-
ing virtualization cluster is proposed. The overall frame-
work is shown in Fig. 1. Through centralized management, 
real-time monitoring of cluster operation status and online 
energy consumption analysis, and through monitoring data 
analysis modeling, formulate the corresponding scheduling 
strategy, so as to achieve self-management.

As shown in Fig. 1, the energy consumption manage-
ment architecture mainly includes real-time cluster monitor, 
data analysis model, central control manager and managed 
virtual cloud computing cluster.

3.2.1. Real-time cluster monitor

The basic stage of cluster management is to collect and 
monitor the status data and application execution of the 
infrastructure. The cluster monitor is mainly responsible for 
collecting the real-time status data of the physical machines 
in the cluster and the virtual machines running on them, 
including the utilization rate, memory utilization rate, disk 
read-write rate and other performance data of the phys-
ical host and each virtual machine, and the performance 
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Fig. 1. Energy consumption management architecture.
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data collected by the external power meter consumption of 
relevant data. Performance data can be collected through 
the tools provided by the operating system. The collected 
data are collated and summarized and transmitted to the 
data analysis model and central control manager, which 
is used to model the cluster state, provide effective data 
support for energy-saving management strategy, and eval-
uate the energy-saving strategy.

3.2.2. Data analysis model

The data analysis model establishes the energy consump-
tion measurement model and performance model for the 
virtual cluster according to the cluster operation data col-
lected by the cluster monitor.

Energy consumption measurement model: Because virtu-
alization technology makes cluster management pay more 
attention to virtualization level, but the energy consumption 
value of virtual machine cannot be directly monitored by an 
external power meter, so the energy consumption manage-
ment framework designs an energy consumption measure-
ment model based on the performance data (CPU, memory, 
disk) of the virtual machine obtained by the above cluster 
monitor and the physical machine monitored by the power 
meter energy consumption value, the establishment of vir-
tual machine energy consumption measurement model, and 
the use of historical data to complete the model training, 
is conducive to a better understanding of the energy con-
sumption in the virtual cluster.

Performance model: When deciding to allocate resources 
for an application, the allocation solution should be obtained 
according to the trade-off between performance and energy 
consumption required by the application. Therefore, while 
building the energy consumption model, it is also neces-
sary to analyze and model the performance of application 
execution. The data of performance model analysis comes 
from the number of allocated resources and execution time 
of an application recorded in the cluster monitor. In addi-
tion, different types of applications need to be modeled.

The central control manager mainly formulates an 
energy-saving optimization strategy, completes the virtual 
resource allocation strategy for tasks and deployment sched-
uling strategy for the cloud computing clusters. Therefore, 
the central control manager is mainly divided into virtual 
machine allocation modules and virtual machine placement 
modules. The virtual machine allocation module is mainly 
responsible for determining how much virtual resources 
are allocated to each job. The virtual machine placement 
module mainly controls the dynamic allocation of virtual 
machines to physical machines.

4. Energy saving algorithm classification and DVFS based 
energy saving algorithm for electrical energy consumption 
data of hydraulic engineering

4.1. Classification of energy-saving algorithms for electrical 
energy consumption data of water conservancy projects

Based on the energy management architecture, differ-
ent classification standards often lead to different classifi-
cations for energy-saving mechanisms of cloud computing. 

In the power management stage, there is not only dynamic 
power management, but also static power management. 
In the stage of reducing the electrical energy consump-
tion of water conservancy projects, combined with the 
closing and opening technology, pay attention to the appli-
cation process of virtual machine technology [9,10]. For 
dynamic power management, idle energy consumption 
is often reduced; while for static power management, the 
energy consumption of task execution is often significantly 
reduced. Dynamic power management combines with the 
load status of a cloud system, pays attention to the change 
of time, and makes a dynamic adjustment of power state 
under the combination of performance requirements; 
while static power management mainly combines DVFS 
strategy to realize the energy-saving process of data in the 
analysis process of virtualization strategy [11].

4.2. Data-energy saving algorithm based on DVFS

The so-called DVFS is an energy-saving process of CPU 
power control. In the stage of CPU utilization, the power 
supply voltage of the CPU is reduced directly, and the per-
formance of the CPU is reduced by combining with clock 
frequency. The dynamic power consumption of cubic order 
of magnitude in hydraulic engineering has no direct impact 
on the performance in the reduction stage [12]. DVFS has 
a certain significance in the application of mobile terminal 
equipment.

DVFS can reduce energy consumption significantly. 
When the computer runs the task, combined with the instruc-
tion and data-driven situation, it produces the direct analy-
sis of energy consumption in the process of computer hard-
ware operation. In the execution phase of this task, different 
execution power combined with different operation stages 
will produce various changes. In the process of reducing 
CPU voltage, it also pays attention to the effective combi-
nation of CPU execution power. However, DVFS data ener-
gy-saving algorithm often reduces the CPU voltage, and the 
CPU performance will be in a state of continuous decline.

4.3. Virtualization energy-saving algorithm and host off 
and on an energy-saving algorithm

4.3.1. Energy saving algorithm of virtualization

The application process of this technology is virtualiza-
tion technology. The key technology of cloud computing, 
namely virtualization technology, is to create multiple vir-
tual machines on the host, which can significantly reduce 
the use of hardware resources and improve resource utili-
zation. This kind of virtualization application often needs 
to share the same computing nodes to fully realize the 
performance isolation [13]. The dynamic migration tech-
nology pays attention to the effective migration between 
virtual machine nodes. In the real-time reallocation stage 
of the virtual machine, it pays attention to the basic consol-
idation of dynamic load, and realizes the direct conversion 
of energy-saving mode in the process of merging a small 
number of physical nodes.

As for a virtual machine in the cloud data center, it is 
mainly combined with the form of units to do a good job in 
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the allocation of electrical resources of water conservancy 
projects, and users can implement the service execution in 
the process of running the virtual machine [14,15]. In the 
deployment and migration phase, energy optimization is 
carried out in combination with a virtual machine in the cen-
ter of the Transportation Bureau. The migration process of 
the virtual machine is shown in Fig. 2.

Through the development of a hierarchical energy con-
sumption control system, in the application process of host 
level and user level subsystem, combined with the user’s 
request, do a good job in the reasonable allocation of hard-
ware resources. In the actual energy consumption process 
of the virtual machine, we should pay attention to the effec-
tive allocation of resources on the virtual machine layer, 
and effectively control the user’s task energy consumption.

In the actual allocation process of virtual resources in 
the cloud computing environment, combined with the con-
struction of a path, a high-efficiency allocation strategy is 
proposed. Combined with the restricted elite strategy, the 
basic resource allocation scheme optimized by the ant col-
ony system is introduced to reduce the number of serv-
ers and the energy consumption of the system. In the 
process of reducing the number of servers, the dynamic 
migration of virtual machines and the closing of space 
computing nodes are effectively combined to improve the 
utilization of material resources and realize the balance of 
water conservancy project electricity.

The deployment process of a virtual machine is regarded 
as a global virtual machine. Assuming that the data allo-
cation matrix of electrical energy consumption of water 
conservancy project is represented by Rg, then:

g i j m sR R R=  1 1, , ,, , , ,� �R  (2)

where j of virtual machine represents the process of data 
distribution of electrical energy consumption of water 

conservancy projects; i represents the amount of data alloca-
tion of electrical energy consumption of water conservancy 
projects. For the application of actual deployment condi-
tions, the following conditions are met:

� �� � � � � � � ��h n E P v Hv
l

h v v h1 2 1, , , , CPU CPU  (3)
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h v v h1 2 1, , , , mem mem  (4)

That is, the total amount of CPU and memory allocated 
to each virtual machine should be within the energy range 
of CPU and memory provided by the physical machine. 
The objective function is to maximize the number of idle 
physical machines Nidle:
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Virtualization technology not only improves the uti-
lization of electrical resources in water conservancy proj-
ects, but also significantly reduces the execution energy 
consumption, but also increases the complexity of system 
management. In the stage of virtual machine provision and 
deployment, the form of a virtual machine is often com-
bined with the mode of the virtual machine to realize the 
effective allocation of application task resources. Virtual 
machine deployment is often to realize the mapping between 
the virtual machine and physical host and pay attention to the 
data center policy-driven process in resource management.
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Fig. 2. An energy-saving method for virtual machine migration.
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4.3.2. Energy saving algorithm of host off and on

In the process of energy saving, there are not only ran-
dom strategies and timeout strategy, but also predictive 
strategies. In the process of server closing and opening, this 
random strategy combines with the basic model of stochas-
tic optimization to control the algorithm reasonably. In the 
presetting stage, the overtime strategy mainly combines with 
the basic shutdown of the server mode to adjust the sys-
tem load adaptively. A storage structure for data classifica-
tion, as shown in Fig. 3.

The basic application of policy mode goal is to reduce 
idle energy consumption, but once the computer has a long 
start-up time, it also reduces the performance of the com-
puter. In the process of the energy-saving algorithm, the 
computer system has the characteristics of self-similarity 
in the actual business request stage. This kind of ener-
gy-saving application is often combined with the virtual 
machine migration method, which can effectively eliminate 
a kind of idle energy consumption of space hosts in the 
prediction stage of load information.

5. Energy efficiency evaluation index of electrical 
energy-saving data center of water conservancy project

5.1. Energy efficiency evaluation based on the power 
utilization rate

Based on the above virtual machine algorithm, PUE 
(power usage effectiveness) is used as the standard to 
measure the energy efficiency level of water conservancy 
project data centers. PUE refers to the ratio of the compre-
hensive power consumption of the data center to the power 
consumption of IT equipment to reflect the proportion of 
computing resource energy consumption. Therefore, the 
smaller the PUE statistical value, the better. When the mini-
mum value of PUE approaches 1, it indicates that the energy 
consumption of the data center is basically no waste.

The calculation formula of PUE is:

PUE
total

IT

IT AC UPS other

IT� �
� � �E

E
E E E E

E
 (6)

where Etotal represents the total energy consumption of the 
electrical data center of water conservancy engineering; EIT 
refers to the power consumption of IT equipment such as 
server, including server, storage equipment, network equip-
ment, and auxiliary equipment, such as KVM, display, work-
station used to monitor or control data center; EAC refers to 
energy consumption generated by the refrigeration sys-
tem, such as chiller, air conditioner in machine room, water 
pump and cooling tower EUPS refers to the power consump-
tion of power supply and distribution equipment, such as 
UPS, switchgear, generator, PDU, battery, etc.; Eother refers 

to the energy consumed by the lighting system, security 
system, elevator and other equipment.

When the energy consumption of IT equipment is fur-
ther refined and divided into the effective energy consump-
tion of IT equipment and ineffective energy consumption 
of IT equipment, data center energy productivity DCPE 
(Data Center Performance Efficiency) can be used for 
energy efficiency evaluation, because it is difficult in prac-
tical applications Separate the functional consumption and 
non-functional consumption of IT equipment, so DCPE is 
generally not used to evaluate the energy efficiency of data 
centers. The use of different energy-saving transformers 
selected can effectively reduce the energy consumption of 
the system and can also reduce the emission of pollution. 
Therefore, the appropriate energy-saving transformer must 
be selected in the process of electrical energy-saving design 
of water conservancy projects. When using electric energy 
utilization rate as an energy efficiency evaluation index, 
according to the comparison of no-load loss and load loss 
between the new energy-saving transformer and the ordi-
nary transformer, the parameters of various types of trans-
formers are shown in Table 1.

Combined with the data in Table 1, the energy-saving 
device is designed, and IGBT AC voltage regulation is 
adopted. In order to realize the real-time control of the sys-
tem, 80C196KB single-chip microcomputer Dual CPU sys-
tem is used. The dual CPU system consists of the following 
modules: two 80C196KB chips, memory and data buffer 
composed of EPROM, SRAM and dual-port RAM, decod-
ing circuit, a/D conversion circuit, D/a conversion circuit, 
analog input circuit, output amplifier circuit, phase-locked 
loop circuit, key disk and display circuit. The structure of 
the dual CPU system is shown in Fig. 4.

5.2. Power switch design

In the electrical energy-saving design of the water con-
servancy project, it is very important to do a good job in 
the energy-saving design of the power switch for the whole 
water conservancy project. The power switch directly affects 
the energy supply of the whole system. The traditional 
power switch not only produces large noise, but also pro-
duces certain switching loss, which leads to the increasing 
frequency of the switch. In the process of power switch 
design, we should focus on soft switching technology, trans-
fer the design center from hard switch design to soft switch 
design, and make full use of soft switching technology to 
reduce power switch energy consumption.

5.3. Energy saving design of electric lighting in water 
conservancy project

In the process of energy-saving design of electrical light-
ing in water conservancy projects, in addition to the visual 
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Fig. 3. A storage structure of data classification.



Q. Wang et al. / Desalination and Water Treatment 239 (2021) 181–191188

effect of lighting, the energy-saving effect of lighting must 
be considered. The lighting scheme should be designed 
reasonably according to relevant specifications and site 
work requirements. The main points of electrical lighting 
design are as follows:

5.3.1. Rational use of natural light

At present, there are still a lot of energy resources in 
nature, which are not fully used. Natural light belongs to 
one of them. Therefore, in the water conservancy project 
electrical lighting energy-saving design, should cooperate 
with the structural design, make full and reasonable use 
of natural light, reduce the layout and use time of artificial 
lighting, and effectively save the electric energy of artificial 
lighting.

5.3.2. High efficient light source should be selected 
in lighting design

The energy-saving effect of the light source depends on 
the luminous efficiency of the light source. In the lighting 
design, high-efficiency energy-saving light sources should 
be selected according to the place of use. For example, LED 
light source with an obvious energy-saving effect at this 
stage has gradually become the mainstream because of its 
high luminous efficiency, good color rendering and con-
venient start-up.

5.3.3. Adopt high efficiency and energy-saving lighting

Lighting lamps with energy-saving effects shall be 
selected. Scientific and reasonable lamps can effectively real-
ize the reasonable distribution of light sources and maintain 
high luminous flux. High-quality and efficient lighting can 
achieve a better energy-saving effect.

6. Discussion

6.1. Optimization strategy of energy-saving design for water 
conservancy and electrical engineering

6.1.1. Comprehensively check, strengthen quality control and 
improve the comprehensive quality of personnel

In the electrical optimization design of water conser-
vancy projects, the first thing to do is to do the relevant 
design scheme, and excellent scheme design cannot do 
without experienced designers, the smooth implementation 
of the scheme cannot do without the staff with solid basic 
skills and knowledge. Therefore, in the related water conser-
vancy project electrical optimization design, the first thing 
to grasp is the personal quality of the staff. In the process 
of electrical optimization design of water conservancy proj-
ect, experienced designers are selected to carry out relevant 
scheme design. After the design is completed, the feasibility 
analysis of the relevant scheme is done. After the scheme 
is confirmed to be feasible, the design of the installation 

Table 1
Comparison of loss data between energy saving transformer and traditional transformer

Capacity Common transformer S9 energy saving transformer S11 energy saving transformer

No load loss Load loss No load loss Load loss No load loss Load loss

50 190 1,150 170 870 130 870
100 320 2,000 290 1,500 200 1,500
160 460 2,850 400 2,200 280 2,200
200 540 3,400 480 2,600 340 2,600
315 760 4,800 670 3,650 480 3,650
500 1,100 6,690 960 5,150 680 5,150
630 1,320 8,060 1,200 6,200 810 6,200
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scheme is carried out for construction. The construction 
personnel should have corresponding construction experi-
ence and cannot find ordinary workers casually, and should 
ensure that the construction personnel has the correspond-
ing qualification certificate. In addition to having enough 
management experience, the relevant managers should also 
have good personal quality and moral quality, be able to 
adhere to their own principles in front of money and take 
engineering quality as the ultimate pursuit.

6.1.2. Do a good job in data collection and management

Before proceeding with the electrical optimization 
design of a water conservancy project, the first thing to do 
is to collect the data of the project. Before proceeding with 
the design, you must first understand the specific conditions 
of the design area, the specific scale and accurate parame-
ters of the project. Only in this way can you ensure that 
the relevant design has rationality, not just talking about 
it. Only the design of basic realistic parameters has certain 
feasibility. In this regard, the specific parameters and data 
of the project should be collected before the design, and 
specific investigation and analysis of the climate, hydrol-
ogy, geology and other environmental data of the project 
area should be carried out to ensure accurate data. Relevant 
energy-saving requirements and seismic index for engi-
neering requirements are reflected in the plan through rel-
evant calculations and designs, so as to achieve the relevant 
design requirements to the greatest extent and make the 
design plan more accurate and reliable.

6.1.3. Implement effective bidding management for survey 
and design

In order to improve the design level, we should actively 
implement the bidding management of survey and design, 
and implement the bidding management system by opti-
mizing design institutions. The goal is to effectively prevent 
professional monopoly through the competition manage-
ment system and to select the most qualified and reputable 
construction party to implement engineering design with the 
help of bidding management, so as to prevent the problem 
of design agency being dominant. Moreover, it can make the 
designer form a sense of crisis, and encourage the staff to have 
initiative and enthusiasm, so as to do a good job in the optimi-
zation design of the scheme. Once the design scheme is com-
pleted, it should be evaluated and reviewed by experts. For the 
design scheme that does not meet the requirements and the 
design quality is not high, we should propose a new proposal 
to improve the comprehensive benefits of quality control.

6.2. Other energy-saving algorithms

The cooling system accounts for about 40% of the total 
energy consumption of the cloud data center. The high-
speed operation of computing resources leads to the rise 
of equipment temperature. The too high temperature will 
not only reduce the reliability of the data system, but also 
reduce the life cycle of the equipment. Therefore, it is neces-
sary to cool the cooling equipment of the cloud data center 
and effectively reduce the cooling energy, which is of great 

significance to the stable operation and power saving of 
the cloud data center.

Prasetya et al. [16] propose to take into account the 
data center cooling system, install variable speed fans and 
temperature sensors in the server, and adjust the fan speed 
according to the temperature of the server, which not 
only ensures safety but also saves power.

Zhu et al. [17] propose that the instruction data flow 
of the data center includes temperature sensor data, server 
instructions, and air conditioning unit data in the data cen-
ter space. This paper analyzes these data flows and proposes 
a simple and flexible model, according to given load distri-
bution and the cooling system configuration can predict the 
heat distribution of the data center, and then statically or 
manually configure the heat load management system.

Cohen [18] proposed a data center-level power and 
hotspot management solution. The PTM (power and thermal 
management) engine determines the location of the number 
of active servers while adjusting the cooling temperature 
provided to improve the energy efficiency of the data center.

Chu et al. [19] propose a fine way to control the fan in 
the data center. The fan on each rack adjusts the fan accord-
ing to its own thermal system, hardware usage rate and 
other information.

Hsu and Hefeeda [20] comprehensively considers factors 
such as space size, rack and fan placement, and airflow direc-
tion, and proposes a multi-level data center cooling equip-
ment design idea, and models and simulates airflow and heat 
exchange. Provide theoretical support for data center layout.

In addition, after the completion of the data center, dynamic 
cooling strategies can be used to reduce energy consumption. 
For example, for servers that are sleeping, some refrigera-
tion facilities can be appropriately shut down or the direc-
tion of air-conditioning can be changed to save costs [21]. 
In reference to the problem of unbalanced heat distribution 
in cloud data centers, Zinner et al. [22] proposed for the first 
time to use wireless multimedia sensor networks (WMSNs) 
to monitor local hot spots in real-time, and use methods 
such as task migration to reduce the heat load in the hot 
spots. “Positioning-feature extraction-hot spot elimination” 
is the mainline to achieve the purpose of balancing heat dis-
tribution and improving cooling efficiency [23–28].

In addition, dynamic component deactivation (DCD) is 
also an important energy-saving method used on hardware.

The disadvantage of Deformable Parts Model (DPM) is 
that if the load is always in the peak state, the power con-
sumption cannot be reduced.

The comparison of energy-saving algorithms in the 
cloud data center is shown in Table 2.

7. Energy saving effect of double CPU system for three-
phase asynchronous motor

In order to verify the energy-saving effect of a double CPU 
system of a three-phase asynchronous motor designed based 
on cloud computing, the method of combining computer 
numerical calculation and motor experiment is adopted. 
Table 3 shows the results of computer calculation [29].

From the calculation results, it can be seen that for the 
same kind of motor, the lower the load rate is, the more 
obvious the no-load is, the lower the optimal voltage 
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regulation coefficient is, and the better the energy-saving 
effect is; And compared with the high-power motor, the 
lower the power, the better the no-load voltage regulation 
effect of the motor with lower power. At the same time, 

the energy-saving device has been tested on a three-phase 
asynchronous motor. The three-phase stator current is col-
lected by a microcomputer and the experimental results 
are shown in Fig. 5 [30].

Table 2
Comparison results of energy saving algorithms in cloud data center

Literature/strategy Virtualization Target system System resource Optimization objectives Energy saving strategy

Lowest-DVFS √ Real-time system CPU Execution energy consumption DVFS, DPM
δ-advanced-DVFS √ Real-time system CPU Execution energy consumption DVFS, DPM
Adaptive-DVFS √ Real-time system CPU Execution energy consumption DVFS, DPM
Literature [16] × Cluster system CPU Idle energy consumption Off/On, DPM
Literature [17] √ Server system CPU Idle energy consumption Off/On, DPM
Literature [18–22] – – Equipment Equipment energy consumption Statistical Parametric 

Mapping

Table 3
Computer calculation results of optimum voltage regulation coefficient

Electric  
machinery

Load + 
rate (m)

Voltage regulation  
coefficient (Ku)

Energy saving  
rate (Y)

sinϕ1 cosϕ1 sinϕ cosϕ

2.2 kW 0.10 0.60155 0.54876 0.96297 0.26962 0.78943 0.61384
Km = 2.2 0.13 0.70859 0.41218 0.94964 0.31336 0.80857 0.58840
K0 = 0.33 0.15 0.77382 0.32306 0.93493 0.35482 0.82435 0.56608
r1 = 3.62 0.17 0.83457 0.23711 0.91916 0.39389 0.83738 0.54662
r2 = 0.6 0.19 0.89120 0.15556 0.90259 0.43051 0.84817 0.52972
11 kW 0.10 0.46049 0.48630 0.96903 0.24695 0.60505 0.79619
Km = 2.2 0.13 0.54040 0.37715 0.94964 0.31336 0.63169 0.77523
K0 = 0.33 0.15 0.59085 0.31321 0.93494 0.35482 0.64868 0.76106
r1 = 0.29 0.17 0.63908 0.25766 0.91916 0.39389 0.66460 0.74721
r2 = 0.011 0.19 0.68514 0.20887 0.90259 0.43051 0.67925 0.73391
22 kW 0.10 0.39246 0.33797 0.96903 0.24695 0.52188 0.85302
Km = 2.2 0.13 0.45761 0.21030 0.94964 0.31336 0.53807 0.84290
K0 = 0.33 0.15 0.49918 0.14447 0.93493 0.35482 0.54954 0.83547
r1 = 0.201 0.17 0.53941 0.09174 0.91916 0.39389 0.56114 0.82772
r2 = 0.065 0.19 0.57829 0.05015 0.90259 0.43051 0.57260 0.81983
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Fig. 5. Energy-saving effect of double CPU system of the three-phase asynchronous motor (a) Three-phase stator current voltage 
regulation results and (b) energy saving effect of three-phase stator current.
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It can be clearly seen from the experiment that the 
voltage regulation effect of the double CPU system of a 
three-phase asynchronous motor is gradually rising, and 
the energy-saving effect is obvious [31].

8. Conclusions

This paper studies the electrical energy-saving control 
method of water conservancy projects based on cloud com-
puting analyzes the necessity of electrical energy-saving 
design in water conservancy projects and proposes to opti-
mize the energy-saving design of water conservancy projects 
from the aspects of designers and equipment. Finally, the 
design of a dual CPU system of the three-phase asynchro-
nous motor based on Cloud Computing is completed. In 
order to verify the energy-saving effect, the design exper-
iment proves that the energy-saving effect is obtained. 
The results are obvious, which can provide a reference 
for improving the operation effect of water conservancy 
projects. But because this paper focuses on the analysis 
of other water conservancy engineering electrical ener-
gy-saving control methods, in order to carry out an in-depth 
exploration of the design system in this paper, such as the 
stability of operation, is the future research direction.
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