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Abstract: This paper presents a statistical analysis of the energy consumption of campus buildings at a college 
in Guangdong Province over the three-year period from 2022 to 2024. The analysis reveals that electricity 
costs account for over 80% of the annual energy expenses, with the lighting and socket systems contributing 
to 58% of the total electricity consumption. Furthermore, the male dormitory building was identified as the 
largest consumer of electricity. Through on-site investigations and data analysis, the influencing factors for 
buildings with higher energy consumption were identified, and corresponding energy-saving retrofit measures 
are proposed. This study provides methods and insights for reducing the energy consumption of campus 
buildings, further advancing the university’s sustainable development and the construction of a conservation-
minded campus.
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1   Introduction

With the rapid development of higher education in China, both central and local governments have increased 
funding for universities. The scale of university operations has continuously expanded, leading to a 
corresponding growth in building energy consumption. Energy-saving retrofits for high-energy-consumption 
buildings are imperative as demonstrated [1]. As of 2021, China had 3,012 regular higher education institutions, 
including 1,270 undergraduate institutions (including 32 vocational colleges at the undergraduate level) and 
1,486 higher vocational (specialist) colleges. Relevant statistics indicate that in 2020, the average general public 
budget expenditure on education per student in regular higher education institutions nationwide was 22,407.39 
yuan, an increase of 15.33% compared to 2015 as demonstrated [2]. University buildings, serving as crucial 
spaces for students’ lives and studies, are characterized by large scale, diverse types, complex functions, high 
energy consumption volumes, and strong seasonal variations in energy use. These characteristics also present 
certain difficulties for managing energy consumption in university buildings. Studies have shown that the 
per capita energy consumption in Chinese universities is higher than the national average for residents, with 
student energy consumption being four times the national per capita level as demonstrated [3]. There are over 
3,000 universities and colleges nationwide, with an annual water consumption of nearly 900 million tons, 
accounting for about 6.93% of the total water usage in public institutions across the country. Their annual energy 
consumption is equivalent to over 20 million tons of standard coal, representing approximately 11.4% of the total 
energy consumed by public institutions. In line with the national “14th Five-Year Plan for Energy and Resource 
Conservation in Public Institutions,” which explicitly sets the following goals for 2025: a 5% reduction in energy 
consumption per unit floor area, a 6% reduction in per capita comprehensive energy consumption, a 6% reduction 
in per capita water usage, and a 7% reduction in carbon emissions per unit floor area. This demonstrates the 
significant energy consumption in Chinese universities and their substantial potential for energy savings. 
Research into energy-saving retrofits for university buildings is an important approach to improving campus 
building energy efficiency and laying the foundation for further developing conservation-oriented campuses.
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2   Current Status of University Building Energy Consumption

This study focuses on a higher vocational college in Guangdong Province. This college is a comprehensive 
university with a focus on science and engineering disciplines. The total campus building area is approximately 
750,000 square meters, with about 13,000 full-time students. Campus buildings include teaching buildings, 
practical training buildings, a library, an administration building, canteens, a gymnasium, student dormitories, 
faculty dormitories, and a student activity center. Campus building energy consumption encompasses lighting, 
office equipment, air conditioning cooling, elevators, practical training equipment, and domestic water use. The 
types of air conditioning systems on campus include central air conditioning systems, VRV systems, and split air 
conditioners.

The energy consumption data for campus buildings was obtained by exporting it from the campus energy 
conservation management platform. Following data preprocessing via the elimination method and subsequent 
integration and analysis, the building energy consumption statistics (Table 1) and the energy cost statistics (Fig. 
1) for the period 2022-2024 were generated. From Fig. 1, it can be seen that as the college continuously develops 
its higher-level initiatives, its scale is expanding. Over the three years, campus building energy costs grew from 
9.909 million yuan in 2022 to 10.158 million yuan in 2023 (a growth rate of 2.5%), and further to 11.676 million 
yuan in 2024 (a growth rate of 14.9%). Building energy costs increased annually over the three years, with the 
growth rate accelerating, peaking in 2024. Among the three energy cost categories (presumably electricity, gas, 
water), electricity costs were the highest each year, accounting for over 80%. Therefore, this paper focuses on the 
campus building electricity consumption in 2024 for energy-saving analysis.

Table 1. Building energy consumption statistics (2022-2024)

Year Electricity consumption (kWh) Water consumption (m³) Gas consumption (m³)
2022 12.8 million 569,500 78,600
2023 13.7 million 585,600 79,100
2024 15.1 million 685,800 88,500

Fig. 1. Building energy cost statistics chart for 2022-2024

Statistical analysis of campus building electricity consumption by different functional uses yielded the 
chart of electricity consumption by various equipment types in 2024, shown in Fig. 2. From Fig. 2, it can be 
concluded that the lighting and socket system consumed the most electricity, accounting for 58% of the total 
campus building electricity consumption. This was followed by the special systems (e.g., lab equipment) and air 
conditioning systems, accounting for 22% and 16% respectively. The power system (e.g., pumps, elevators) had 
the lowest proportion, only 4%. The highest share of lighting and socket system consumption is related to the 
student population. Students’ studies and daily lives require electronic devices like computers and mobile phones, 
and the lighting and socket systems are essential for powering these devices for learning and entertainment, 
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resulting in high usage rates and thus the highest electricity consumption.

Fig. 2. Electricity consumption by equipment type chart for 2024

Statistical analysis of electricity consumption for individual campus buildings in 2024 yielded the chart 
shown in Fig. 3. From Fig. 3, it can be concluded that the top five electricity-consuming buildings were: Male 
Dormitory Building (3,073,233 kWh), Female Dormitory Building (2,700,778 kWh), Library (1,697,501 kWh), 
First Canteen (1,407,658 kWh), and Teaching Building (984,893 kWh). These five buildings, serving as the 
primary venues for student activities (living, studying, etc.), consequently have high energy consumption. They 
are therefore key targets for energy-saving retrofit research.

Fig. 3. Electricity consumption by individual building chart for 2024

3   Analysis of Building Energy Consumption Data

From the analysis of the current energy consumption status, it is evident that buildings like student dormitories, 
the library, and teaching buildings have high electricity consumption and significant potential for energy savings. 
The following sections analyze the energy consumption of these specific buildings.
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3.1  Analysis of Dormitory Building Electricity Consumption

Electricity-consuming equipment in student dormitories includes air conditioners, lighting, computers, and small 
appliances. As students spend considerable time in their dormitories outside of class hours, dormitory buildings 
consume the most electricity among all campus buildings. From Fig. 3, male and female dormitories accounted 
for 20.4% and 17.8% of the total annual electricity consumption in 2024, respectively, representing high 
proportions. Fig. 4 shows the monthly electricity consumption chart for student dormitories in 2024. It can be 
seen that there are differences in monthly consumption between male and female dormitories, mainly influenced 
by outdoor temperatures and holidays. The air conditioners in the dormitories are Grade 3 energy efficiency 
and have been in use for a long time, resulting in low efficiency, poor cooling performance, and consequently 
high electricity consumption for air conditioning. In Guangdong, the air conditioning season spans from April 
to November. Prolonged AC use during this period increases electricity consumption, with September seeing 
the peak due to higher temperatures. Relevant data indicates that the average annual temperature in the city 
where the study was conducted reached 23.7°C in 2024, which was 0.8°C higher than the norm. Therefore, the 
increase in average temperature is also one of the factors contributing to the rise in electricity consumption for air 
conditioning in the dormitories. Although July and August are summer vacation months, some students remain 
on campus, and the high outdoor temperatures necessitate prolonged AC use, resulting in some consumption. 
Fig. 4 also shows that male dormitory consumption was higher than female dormitory consumption every month, 
especially noticeably in September. The analysis attributes this to male students frequently using computers for 
gaming, often leaving them running even when not in use. Additionally, male students’ habits of turning off lights 
and air conditioners when leaving are not as good as female students’, and they tend to set the AC temperature 
lower, leading to consistently higher monthly electricity consumption in male dormitories. The university could 
introduce policies that encourage electricity conservation. For instance, dormitory electricity pricing could be 
tiered based on usage, where higher consumption leads to higher rates. Additionally, initiatives could promote 
students to develop the good habit of turning off lights and computers when leaving their rooms. Implementing 
these multiple measures together aims to achieve the goal of energy conservation.

Fig. 4. Monthly electricity consumption chart for student dormitories in 2024

3.2   Analysis of Library Electricity Consumption

As an important building on campus, the library typically contains reading rooms and study halls, resulting in 
a large floor area and high energy consumption. The campus library has a building area of 21,530.5 m², and its 
electricity consumption accounted for 11.2% of the total campus building energy consumption in 2024. Fig. 5 is 
the monthly electricity consumption chart for the library in 2024. It shows that consumption was highest in June 
(222,247 kWh), followed by May (209,411 kWh). The survey results indicate that the library visitation rates 
were 20.9% in May and 23.2% in June, both exceeding the average rate of 20.7%. The library functions as the 
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principal study space for students. During the exam preparation period in May and the examination month of 
June, occupancy rates were exceptionally high, with study and reading rooms largely occupied. This required full 
operation of the air conditioning and lighting systems, directly correlating the rise in electricity consumption with 
the increased number of visitors. Another reason is the building’s design: to showcase its unique shape, large 
portions of the facade and atrium roof use glass as the external envelope. This increases solar heat gain indoors, 
raises the cooling load for air conditioning, and consequently increases the energy consumption of the library’s 
air conditioning system.

Fig. 5. Monthly electricity consumption chart for the library in 2024

3.3   Analysis of Teaching Building Electricity Consumption

Teaching buildings are key components of campus academic facilities, serving as primary venues for classes and 
self-study, with high utilization rates. Main electricity-consuming equipment includes lighting, projectors, and air 
conditioners. In 2024, teaching building electricity consumption accounted for 6.5% of the total campus building 
energy consumption. Fig. 6 shows the monthly electricity consumption chart for teaching buildings in 2024. 
Consumption was highest in September (177,032 kWh), followed by October (118,483 kWh). This is because 
September marks the start of the semester, with all students attending classes. Classroom utilization is highest, 
requiring full operation of lighting and air conditioning, leading to increased consumption. Additionally, the air 
conditioners in the classrooms are Grade 2 energy efficiency, and the lighting uses standard fluorescent lamps. 
The low operational efficiency of this equipment contributes to the high electricity consumption in teaching 
buildings.

Fig. 6. Monthly electricity consumption chart for teaching buildings in 2024
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3.4   Analysis of Practical Training Building Electricity Consumption

Practical training buildings are unique to vocational colleges, providing important spaces for practical training 
and professional technical instruction. Energy consumption within these buildings mainly includes lighting, 
air conditioning, experimental equipment, and office equipment. Electricity-consuming equipment varies 
significantly depending on the discipline. Fig. 7 shows the electricity consumption chart for four practical 
training buildings on campus in 2024. Training Building B consumed the most electricity (753,245 kWh), 
while Training Building D consumed the least (81,065 kWh). The consumption difference is substantial, 
with Building B consuming 9 times more than Building D. The analysis attributes this to Building B housing 
workshops for engineering disciplines, containing many large power-consuming devices such as machining 
and electrical automation equipment. These devices run for long periods during training sessions, significantly 
increasing consumption. Building D houses training rooms for humanities disciplines, which require no 
specialized equipment, relying instead on computers or manual work for creative design tasks, resulting in lower 
consumption. The differing disciplines housed in the training buildings lead to significant variations in their 
electricity consumption.

Fig. 7. Electricity consumption chart for practical training buildings in 2024

4   Building Energy-Saving Technical Measures

The analysis of campus building energy consumption reveals that the lighting and socket system consumes the 
most electricity (58% of total campus building electricity), followed by air conditioning (16%). This indicates 
enormous potential for energy savings. Implementing measures to reduce consumption in these systems would 
be highly significant for the campus’s energy conservation efforts.

4.1   Lighting and Socket System Energy-Saving Measures

For the lighting system, priority should be given to high-efficiency light sources and energy-saving luminaires. 
Intelligent automatic control systems using sound, light, or infrared sensors should be implemented. Currently, 
many areas on campus still use traditional fluorescent lamps, which are energy-intensive. Replacing them with 
LED energy-saving lamps can reduce consumption. Existing research shows that LED lamps consume only 
about 30% of the power of traditional fluorescent lamps as demonstrated [4]. Related studies indicate that the 
average occupancy rate of self-study classrooms (the ratio of the total number of students studying in all self-
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study classrooms to the total number of seats available) is very low, with a maximum of 11.8% and an average 
consistently below 5% under various scenarios as demonstrated [5]. Often, only a few students are scattered in 
corners or small areas within a large self-study room in the evenings. If students lack energy-saving awareness, 
they might turn on all the lights in the room (especially in older teaching buildings lacking zoned lighting 
control), leading to a “many lights, few people” situation and wasted electricity. Self-study rooms can utilize 
photosensors combined with occupancy sensors for automatic dimming, reducing brightness when natural light 
is sufficient. Corridors and restrooms can be equipped with microwave radar motion-sensor lights to turn off 
when unoccupied, avoiding lights being left on. Intelligent dimming and zoned control systems can maximize 
electricity savings, achieving efficiency rates of over 60% as demonstrated [6]. The Bowen Teaching Building 
and the Yifu Teaching Building at Shandong Jianzhu University have been equipped with intelligent control 
systems, demonstrating significant electricity-saving results as demonstrated [6].

4.2   Air Conditioning System Energy-Saving Measures

Most split air conditioners used on campus were purchased over ten years ago, with an Energy Efficiency Ratio 
(EER) of 3.3. According to the then-effective standard “Minimum allowable values of the energy efficiency and 
energy efficiency grades for room air conditioners” (GB 12021.3-2010), these units were classified as Grade 2 
efficiency. However, the current energy efficiency standard “Minimum allowable values of the energy efficiency 
and energy efficiency grades for room air conditioners” (GB 21455-2019) has significantly higher requirements, 
using the Seasonal Energy Efficiency Ratio (SEER) as the metric, with Grade 2 requiring SEER ≥ 4.7. It is 
evident that the current split air conditioners do not meet the current standard. Moreover, these units are severely 
aged, with low cooling efficiency; their actual performance likely falls below their rated efficiency. Replacing 
these split air conditioners can save electricity.

The library uses a central air conditioning system with water-cooled chillers. The chillers and water 
pumps contribute significantly to the system’s energy consumption, offering substantial potential for savings. 
Reviewing drawings and on-site investigations revealed that the cooling water system operates reasonably, 
but the chilled water system operation is inefficient. Issues include poor water treatment leading to scaling in 
the evaporator (affecting heat transfer) and oversized chilled water pumps causing high flow rates with small 
temperature differences. The chilled water pumps are constant speed; it is recommended to implement pump 
variable frequency drive (VFD) technology (variable water flow system) to adjust the motor speed and thus the 
chilled water flow rate. Installing necessary energy metering equipment on the main AC system components 
and at terminal units allows for monitoring operational parameters, enabling timely problem identification and 
resolution. This ensures stable system operation and avoids energy waste.

4.3   Building Envelope Energy-Saving Retrofit Measures

The building envelope refers to the elements enclosing a building or room, such as doors, windows, and walls. 
It is the primary pathway for heat transfer in buildings, and the quality of its thermal insulation directly impacts 
indoor cooling and heating loads as demonstrated [7]. Employing environmentally friendly, energy-saving 
insulation materials for external walls and roofs, adding external or internal shading to sun-facing glass curtain 
walls, and replacing windows with energy-efficient models can reduce heat transfer through the envelope, thereby 
lowering building energy consumption. Using insulation layers with lower thermal conductivity (U-value), better 
thermal insulation performance, and improved fire resistance and durability is the current trend in envelope 
retrofits as demonstrated [8]. Reviewing the original drawings revealed the library’s envelope U-values: External 
Wall K=2.58 W/m²·K, Roof K=0.85 W/m²·K, External Window K=6.0 W/m²·K. While compliant with the 
energy-saving standards at the time of construction, these values fall short of the current requirements in the 
“Design Standard for Energy Efficiency of Public Buildings” (GB 50189-2015). For the calculated thermal 
inertia indices (D), the standard requires: External Wall K ≤ 1.5 W/m²·K (for D=3.68), Roof K ≤ 0.8 W/m²·K 
(for D=2.85), External Window K ≤ 2.7 W/m²·K (for Window-to-Wall Ratio=0.43). Clearly, the library’s 
envelope performance parameters are significantly worse than the current standard and fail to meet requirements, 
leading to increased air conditioning load and higher electricity consumption. Therefore, considering economic 
feasibility, retrofit options include: adding insulation layers (e.g., rock wool board, graphite EPS board, XPS 
board, phenolic foam board) to external walls with protective and finish layers; planting green roofs or adding 
insulation to the roof; replacing existing aluminum/steel windows with thermal-break aluminum or uPVC frame 
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double-glazed windows, Low-E double-glazed windows; applying solar control window film; or adding external 
shading devices. These measures reduce conductive heat transfer through the envelope and effectively block 
solar heat gain, thereby lowering air conditioning energy consumption.

5   Conclusion

Through the statistical analysis of campus building energy consumption data from 2022 to 2024 at a vocational 
college in Guangdong Province, the characteristics of the college’s building energy consumption were 
identified: (1) Building energy costs increased by an average of 8.7% over the three years, with electricity costs 
accounting for over 80% of all energy expenses; (2) Among all equipment types, the lighting and socket system 
consumed the most electricity (58% of total campus building electricity), followed by special equipment and 
air conditioning (22% and 16% respectively); (3) The buildings with the highest electricity consumption were 
the Male Dormitory, Female Dormitory, Library, First Canteen, and Teaching Building. An energy consumption 
analysis was conducted on the campus buildings with high energy use to identify the influencing factors and 
propose corresponding energy-saving retrofit measures. However, as this study is limited to the Pearl River Delta 
region, further research on a wider range of university buildings across the country is necessary. This will provide 
more methods and insights to better inform the reduction of energy consumption in higher education institutions 
nationwide and advance the development of sustainable, resource-efficient campuses.
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