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Abstract. In the context of the national promotion of the construction of a con-

servation-oriented society, it is particularly urgent to promote energy conserva-

tion in colleges and universities and build a conservation-oriented campus. This 

paper focuses on the development path of a building energy management plat-

form for university campuses based on BIM technology, aiming to achieve safe, 

reasonable and scientific energy use in university campuses and to promote the 

further application and development of BIM technology in the operation and 

maintenance phase. 
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1 Introduction 

With the rapid development of global society and economy, the problems of energy and 

carbon emission are becoming more and more prominent. China has put forward the 

goal of "double carbon", and the building sector is an area with great potential for en-

ergy saving[1]. With the policy, financial and technical support, the development of 

green buildings in China has made remarkable progress. Colleges and universities as a 

densely populated, multi-functional area, its energy consumption is particularly prom-

inent, it is 4.4% of the national population consumes about 8% of the social energy[2], 

which indicates that the college campus has a huge potential for energy saving. At pre-

sent, there are fewer studies on campus energy consumption management in China, and 

after the completion of some energy consumption platforms, they only do basic usage 

statistics for energy consumption, lack of collation and in-depth excavation of data, and 

do not play the role of in-depth analysis, making it difficult to help the further develop-

ment of energy conservation management. This study aims to combine BIM tools with 

database technology to help campus research build a more efficient and intelligent 

building energy management platform. 
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2 BIM technology and energy management 

2.1 Application of BIM technology in China 

Building Information Modelling (BIM) technology is an information integration system 
for the whole life cycle of construction projects, which promotes collaborative work at 
all stages through visual simulation and promotes the development of information tech-
nology in the construction industry. In China, BIM technology has been gradually pop-
ularised from the design to the construction stage, solving problems such as pipeline 
conflicts and light simulation. However, the construction and operation and mainte-
nance phases face greater challenges, as they involve multi-party collaboration and 
complex management. 

To promote the application of BIM, the Ministry of Housing and Urban-Rural De-
velopment (MOHURD) has issued a plan that emphasises full life cycle integration and 
digital collaboration[3] . However, in reality, some projects simply apply BIM for re-
mote control and data collection, without realising its potential[4].  

2.2 Energy consumption management based on BIM technology 

The energy management with BIM technology focuses on the energy consumption of 
water, electricity, gas and coal in the daily operation of a building, aiming at optimising 
the allocation of energy consumption and improving energy efficiency[5]. The building 
energy management platform takes BIM technology as the core, combines with the 
Internet of Things, cloud computing and big data to build an intelligent energy man-
agement system. The platform uses BIM to establish a three-dimensional model to en-
sure accurate and complete information. IoT achieves real-time data collection and 
monitoring, and cloud computing and big data carry out data integration, analysis and 
processing to generate dynamic diagrams of energy consumption, providing managers 
with an intuitive and comprehensive view of energy consumption. This helps to formu-
late scientific energy-saving plans, improve management efficiency, reduce energy 
waste, and achieve green and sustainable O&M management.The necessity of energy 
consumption management in college  

3 The necessity of energy consumption management in college  

College campuses face the problem of high energy consumption and regulatory diffi-
culties in operation and maintenance due to dense population and diverse building func-
tions. Currently, campus energy supervision measures are insufficient, ignoring differ-
ences in buildings, functional areas and the nature of energy use, resulting in low energy 
efficiency and serious waste. For this reason, many domestic schools began to use the 
energy management system, such as Zhejiang University, Ningxia University and so 
on. According to the statistics published by the schools, has built campus energy con-
sumption monitoring system of colleges and universities, compared with the average 
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electricity consumption of general colleges and universities per unit of the building re-
duced by 67 per cent, can be found in China's colleges and universities have great po-
tential for energy saving. Technology development is rapidly changing, but the super-
vision system of each school has not been updated for a long time, and the processing 
and analysis of data is still very superficial, so the development of a more scientific and 
reasonable energy management platform is very necessary. In order to solve these prob-
lems, we use BIM, Internet+, Internet of Things and other advanced technologies on 
the basis of the campus basic information resource sharing platform to achieve the man-
agement of the operating status of the equipment, with a view to achieving more effi-
cient energy saving and emission reduction in buildings. 

4 Design of Energy Consumption Management Platform Based 
on BIM Technology 

4.1 Analysis of Functional Requirements 

The campus has a variety of buildings with different energy consumption patterns. Col-
lege buildings have overlapping functions and equipment management and control 
challenges. In order to manage energy consumption more effectively, we need more 
detailed and comprehensive statistics, including but not limited to unit area and per 
capita energy consumption, such as distinguishing between various types of energy use. 
Take water consumption data as an example: we can separately count the amount of tap 
water and recycled water, and compare the two, and at the same time, we can also ex-
press the use of each period of time in charts, formulate a reasonable range of fluctua-
tions, and make a feedback report on the use of more than a reasonable range, which 
not only accurately reflects the results of energy saving, but also enhances the effect of 
energy saving. The platform not only records the energy consumption and characteris-
tics of each building, but also assesses the energy-saving potential of each area, puts 
forward energy-saving suggestions, and formulates energy-saving plans[6], so that it can 
truly monitor, manage and control in one, and truly realise the purpose of energy saving 
and emission reduction. Not only that, the platform should also have visual view and 
remote control functions to monitor the energy use behaviour of teachers and students, 
and can consider developing mobile applications to transparently manage and enhance 
the energy saving awareness of teachers and students. Finally, the platform is a collec-
tion of a large amount of data, her interface should be simple and easy to read, to avoid 
cumbersome, should provide clear navigation and structure, so that users can easily 
browse and find the content they need, to improve the experience of the administrator, 
to reduce the burden, so that the monitoring and management is simpler. 
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4.2 Technical requirements 

4.2.1The model requirements are as follows: 
(1) Accurate correspondence: the model must be highly consistent with the physical 

building to ensure the accuracy of details such as spatial layout and structural construc-
tion. 

(2) Complete attributes: The attribute information of each component in the model 
must be exhaustive, including but not limited to material, size and function. 

(3) Exhaustive equipment: The model should contain complete equipment infor-
mation, such as heating, cooling, electrical and other system equipment, to ensure the 
convenience of subsequent management and maintenance. 

(4) Data standardisation: the model data should follow a unified standard and format 
for data exchange and integration between different systems. 

(5) Editability: The model data should be editable to adapt to the updating and mod-
ification needs at different stages. 

(6) Offline browsing function: the model should support offline browsing to ensure 
that users can still view and operate the model without network connection. 

4.2.2 System requirements are as follows: 
(1) Ensure compatibility with BIM modelling environment to meet project require-

ments. 
(2) Achieve lightweighting of BIM models to optimise performance and enhance 

user experience. 
(3) Establish a stable and reliable network connection to achieve 24/7 unobstructed 

network connectivity, including stable connectivity in emergency situations. 
(4) Ensure real-time information collection and transmission, data synchronisation 

and accuracy. 
(5) Construct a comprehensive database system, including a BIM model database, a 

real-time monitoring database and a historical information database to support data 
management and analysis. 

(6) Design user-friendly human-computer interaction interface to provide intuitive 
and convenient operation experience. 

4.3 Platform architecture 

The centrepiece of this platform is a digital twin built using BIM technology. This 
means accurately replicating 3D models of campus buildings in the computer and in-
corporating detailed building component parameters and equipment information.     
Following this core concept, the author chose the B/S architecture model for develop-
ment based on specific project requirements. This platform architecture contains a base 
layer, an intermediate layer and an interface layer[7], as shown in Figure 1. The preser-
vation and updating of system data is rapidly transmitted to the server through the net-
work to ensure that the relevant personnel can grasp the latest information in real time, 
which greatly improves the efficiency of information transfer and realises the seamless 
connection and communication among people, buildings and equipment. The platform 
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takes BIM as the carrier, organically integrates all kinds of information, and ultimately 
achieves the goal of energy saving and emission reduction through modelling and data 
analysis. 

 

Fig. 1. Functional architecture of the platform（Source: Author's own drawing.) 

5 Function realisation 

The 3D model constructed by BIM technology visually displays information and data, 
combined with energy consumption measurement tools to collect and transmit data to 
the platform in real time. The system can remotely control and adjust the indoor envi-
ronment, sense changes in the external environment, and automatically adjust the tem-
perature and humidity to provide a comfortable environment. The energy management 
module statistically analyses energy consumption and immediately warns of any anom-
alies. With the improvement of data, the system can collect and analyse data on the 
environment, user behaviour, etc., to reveal the characteristics of the campus space and 
potential problems, and support sustainable development[8].  

5.1 Visualisation  

On the computer, we created a digital twin model[9] for each individual building on 
campus, which shows key information such as the structure of the building and the 
layout of the equipment in detail. In addition, the model dynamically displays the en-
vironmental conditions of each space within the building, including foot traffic, tem-
perature and humidity, as well as real-time energy consumption data. For a more intu-
itive understanding of energy consumption, a colour coding system is used, with areas 
with higher energy consumption ratings displayed in brighter colours. Through this 
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platform, users can quickly identify highlighted faulty facilities and their precise loca-
tions with a simple graphical operation, allowing for timely maintenance and manage-
ment[10],as shown in Figure 2. 

 

Fig. 2. Interface diagram of energy consumption management platform (Source: Xiamen Bon-
zhan Digital Technology Co.Ltd.) 

5.2 Information-based management 

In the BIM model, the campus building equipment has unique code and QR Code, and 
the parameter information is integrated in the model, which is convenient for users to 
quickly locate and read the parameters. Compared with the traditional model, there is 
no need to go through paper information or on-site inspection, which greatly improves 
management efficiency. In case of equipment failure, the model information can be 
directly linked to make preliminary maintenance judgement, track the repair progress 
in real time, and ensure that the equipment resumes operation in a timely manner. 

5.3 Intelligent control 

Using big data technology, the system can learn the normal energy consumption of the 
equipment and compare the actual energy consumption. When it exceeds a certain per-
centage difference, it will highlight possible malfunctions or abnormal usage to remind 
managers to check. Combined with sensors, the system recognises unoccupied rooms 
and automatically switches off non-essential equipment or reminds managers to do so 
to save energy. In addition, the system is linked to the HVAC system to ensure indoor 
comfort while minimising equipment energy consumption. 
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5.4 Refined Statistics 

The Campus Energy Management Platform is a comprehensive platform that displays 
the total energy consumption and the energy consumption of the internal spaces of in-
dividual buildings in a detailed manner through dynamic analysis reports and a variety 
of charts and graphs. The platform can classify, itemise and partition statistics by time 
dimension, and provide detailed energy consumption display of equipment systems 
such as air-conditioning and lighting. Managers can customise the query time to grasp 
the trend of energy consumption intuitively. At the same time, the platform supports 
flexible data combination and export to meet diverse management needs. What's more, 
the platform is equipped with year-on-year and year-on-year analyses, which help man-
agers examine energy-saving effects, set reasonable energy-saving targets and optimise 
energy-saving plans. This comprehensive and powerful tool provides important support 
for energy-saving management and sustainable development of the campus. 

5.5 Penetrating Education 

The use of the energy management platform can enhance users' awareness of energy 
saving and environmental protection through participatory management. Teachers and 
students are not only the initiators and beneficiaries of energy management, but also 
the promoters and practitioners of green operation and maintenance. They can use mo-
bile phones, electronic screens and other terminals to visually display daily energy con-
sumption and participate in the process of green campus construction through data shar-
ing, feedback and evaluation. Managers can also adopt green education and spatial en-
vironmental control to guide teachers and students to develop energy-saving habits and 
contribute to the promotion of sustainable green campus development.  

6 Conclusion 

The energy consumption management platform for universities integrates all energy 
data on campus, predicts energy consumption trends and identifies potential problems 
by monitoring and analysing by time period and by region. The platform monitors the 
status of equipment in real time, carries out fault diagnosis, realises energy consump-
tion classification and sub-metering, and provides visual tools to track energy consump-
tion trends. It establishes an early warning mechanism for energy consumption, opti-
mises the management of energy consumption, helps scientific and efficient energy-
saving decision-making, and achieves safe, reasonable and scientific energy consump-
tion. The user object of the energy consumption management platform is not only lim-
ited to college campuses, but also can be used by various types of large energy users, 
such as factories, office buildings, its application is extensive, and the management and 
monitoring of energy consumption is comprehensive. This paper only discusses how to 
develop and use the energy management platform for college campus buildings more 
reasonably and scientifically based on BIM technology, hoping that BIM technology 
and energy management platform can be expanded to more fields and make greater 
contributions to energy conservation and emission reduction in the world. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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