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Abstract

In light of the growing awareness of environmental protection and the increasing
concern about energy consumption, stage lighting design is gradually evolving in a
manner that is more environmentally conscious and energy-efficient. The objective

DOI: 10.26855/jhass.2024.12.033 of this paper is to examine the significance of green stage lighting design and its
pivotal function in attaining the objectives of sustainable development. By examin-
ing the current state of energy consumption in stage lighting and identifying key
issues, this paper presents a comprehensive overview of energy-saving technolo-
gies and strategies. It discusses the potential of LED light sources, the optimization
of intelligent control systems, and the implementation of energy management strat-
egies. Furthermore, it examines methods for maintaining and enhancing the artistic
expressiveness and functionality of stage lighting design while reducing energy
consumption, thereby ensuring the successful creation of the performance atmos-
phere and the satisfaction of the audience. The objective is to present a comprehen-
sive theoretical foundation and practical reference point for the sustainable devel-
opment of stage lighting design.
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1. Introduction

In the present era, the world is facing severe energy challenges and environmental crises. With the acceleration of
industrialization and urbanization processes, energy consumption has been rising sharply and traditional energy re-
sources are being depleted day by day. Against this backdrop, energy conservation and consumption reduction have
become the common goals pursued by all fields on a global scale. Whether it is industrial production, the construction
industry, or transportation, daily life, etc., everyone is actively exploring and implementing the concepts and tech-
nologies of energy conservation and consumption reduction. Stage lighting design plays an indispensable role in
creating the performance atmosphere, shaping character images, and enhancing artistic appeal. However, traditional
stage lighting design often relies on high-energy-consuming lighting equipment and relatively extensive control sys-
tems, and there are numerous problems (Ma Jintao, Tang Liang, & Wu Yiping, 2022). For example, traditional light
sources such as tungsten halogen lamps and incandescent lamps, which are widely used, have extremely low effi-
ciency in converting electrical energy into light energy. Most of the electrical energy is wasted on heat dissipation,
which not only causes huge energy consumption but also increases the cost of performances and the heat dissipation
burden of the venue. Moreover, traditional lighting control systems lack precision and intelligence. It is difficult to
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conduct flexible and efficient lighting adjustments according to the actual needs of the performance. Situations such
as unreasonable combinations of light brightness and color, and untimely switching often occur, further exacerbating
the waste of energy.

Previous studies have already paid certain attention to the energy-saving potential of stage lighting design. Some
scholars have explored the possibilities of applying new energy-saving light sources on the stage and analyzed the
energy consumption characteristics and luminous efficacy performances of different light sources (Li Guoqing, 2023);
other studies have focused on the intelligent improvement of lighting control systems and put forward concepts such
as automatic dimming based on sensors, scene presetting, and automatic switching (Jiao He, 2021). However, most
of these studies remain at the stage of theoretical analysis or partial technical exploration, lacking comprehensive and
systematic practical research on green stage lighting design. Therefore, it is of great value to conduct in-depth prac-
tical explorations on green stage lighting design. Through a series of innovative measures such as the comprehensive
application of energy-saving light sources in actual performance scenarios, the optimization of intelligent control
systems, and the implementation of scientific energy management strategies, it is not only possible to effectively
reduce the energy consumption of stage lighting and relieve the pressure on the environment, but also to ensure or
even enhance the artistic effects and functionality of stage lighting while saving energy. This will open up a new path
for sustainable development in the field of stage lighting design, set a green and energy-saving example for the
cultural and artistic performance industry, and also provide useful references for the energy conservation and con-
sumption reduction practices in other related fields, promoting the whole society to move towards a green, low-
carbon and sustainable direction.

2. Current Situation of Energy Consumption in Stage Lighting
2.1 High Energy Consumption of Traditional Light Sources

Traditional stage lighting mostly uses thermal radiation light sources such as tungsten halogen lamps and incandes-
cent lamps. These light sources once occupied an important position in the history of stage lighting. However, with
the enhancement of energy awareness, the drawback of their high energy consumption has become more and more
prominent. The principle of the tungsten halogen lamp's luminescence is based on the fact that the electric current
passes through the filament to generate heat, which then makes the filament glow. However, this method results in
an extremely low conversion efficiency of electrical energy into light energy. Only about 10% - 20% of the electrical
energy is converted into light energy, and most of the rest is dissipated in the form of heat. For example, in a large-
scale musical performance, in order to meet the requirements of large-area lighting on the stage and special light and
shadow effects, hundreds of tungsten halogen lamps might be used (He Miaomiao, 2022). These lamps work for a
long time, consuming a considerable amount of electrical energy. This not only increases the cost of the performance
but also has a significant impact on the temperature of the surrounding environment of the stage. It may be necessary
to use additional heat dissipation equipment to maintain the normal operation of the equipment, further increasing
the energy consumption and equipment cost.

2.2 Limitations of Lighting Control Systems

Many existing stage lighting control systems have limited intelligence and it is difficult for them to meet the modern
energy-saving requirements. On the one hand, traditional dimming systems mostly adopt simple resistance dimming
or thyristor dimming technologies. Resistance dimming controls the current by changing the resistance value to adjust
the brightness of the lights. However, this method consumes the excess electrical energy in the form of heat on the
resistance, resulting in a large amount of energy waste. Although thyristor dimming improves efficiency to a certain
extent, problems such as light flickering and color distortion are prone to occur when dimming at low brightness
levels, and it is also unable to achieve fine-grained and personalized control of multiple lamp groups. On the other
hand, in terms of scene switching and lighting layout control, traditional systems lack flexibility and precision. When
the stage needs to quickly switch lighting effects between different scenes, such as switching from a bright daytime
scene to a mysterious nighttime scene, the traditional control system may not be able to adjust the brightness, color,
and angle of each light in a timely and accurate manner. This leads to unnatural lighting transitions or the need to
turn on additional lights to make up for the insufficient effect, thereby increasing unnecessary energy consumption
(Song Zhangiang, 2023). In addition, when multiple lamp groups work together, it is difficult for traditional systems
to optimize the sequence of turning on and off the lamp groups, brightness matching, etc. according to the dynamic
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requirements of the stage performance, and they cannot fully utilize the overall energy-saving potential of the lighting
system.

2.3 Lack of Awareness and Strategies for Energy Management

During the design and operation process of stage lighting, the weak awareness of energy management is a prevalent
issue. Firstly, most performance teams and venue managers focus too much on the artistic presentation effect of the
lighting, devoting their main efforts and resources to aspects such as lighting design creativity and lamp procurement,
while neglecting the monitoring and management of lighting energy consumption (Lai Sirui, 2020). They usually
lack the ability to collect, sort out, and analyze the data on lighting energy consumption, are unclear about the energy
consumption distribution of the lighting system under different performance plays and scenes, and are unable to
formulate targeted energy-saving measures. Secondly, there is a lack of comprehensive energy management strategies
and systems. There are no clear energy consumption standards and target settings. During the daily use, maintenance,
and renewal of lighting equipment, energy efficiency has not been taken into consideration. For example, when re-
placing lamps, only the lighting effects and price factors may be considered, while the energy-saving performance of
new types of lamps is not evaluated; during the rehearsal process of performances, there is no reasonable planning
and restriction on the usage time and brightness settings of the lights, resulting in frequent occurrences of energy
waste. Moreover, relevant staff lack training in energy management and have little knowledge of energy-saving tech-
nologies and methods. It is difficult for them to take proactive energy-saving actions in actual operations, such as
setting the brightness of the lights reasonably and avoiding unnecessary lighting, thus keeping the stage lighting
system in a state of high energy consumption for a long time.

3. Innovative Practical Strategies for Green Stage Lighting Design
3.1 Widespread Application of LED Light Sources

LED (Light Emitting Diode), as a new type of light source, has many remarkable advantages. It has a relatively high
luminous efficacy, and compared with traditional light sources such as tungsten halogen lamps, the efficiency of
converting electrical energy into light energy is significantly improved. Meanwhile, the lifespan of LED light sources
is extremely long, generally reaching tens of thousands of hours, which greatly reduces the frequency and cost of
lamp replacement. In addition, LED light sources also have the characteristics of small size, rich colors, and precise
control, being able to meet the requirements of various complex color and light and shadow effects in stage lighting
design. In many modern stage performances, LED light sources have been widely applied. In large-scale song and
dance galas, LED PAR lights are widely used for the front light, side light, and backlight illumination of the stage.
Through the computer control system, the color, brightness, and angle of each PAR light can be precisely adjusted to
create a gorgeous and well-structured stage effect. In some drama performances, LED strip lights are skillfully in-
stalled on the contour edges of the stage scenery to outline specific shapes and lines, which not only enhances the
three-dimensional and layered sense of the stage but also achieves energy conservation and consumption reduction.

3.2 Optimization of Intelligent Control Systems

The adoption of advanced intelligent dimming systems enables the precise control of the brightness of lights accord-
ing to the real-time requirements of the performance scenes. For example, by using photosensitive sensors to detect
the light intensity on the stage, the brightness of the lights can be automatically adjusted to achieve the best visual
effects and energy utilization efficiency. In some scenes where a soft atmosphere needs to be created, the intelligent
dimming system can gradually reduce the brightness of the lights instead of simply turning off some of the lamps,
thus avoiding the impact on the lifespan of the lamps caused by frequent switching and the energy waste brought
about by the instantaneous current shock. The intelligent control system can preset multiple performance scene modes
and achieve automated switching. In a musical performance, different musical pieces may require different lighting
atmospheres. For example, cheerful songs correspond to bright and colorful lighting scenes, while lyrical songs re-
quire soft and warm lighting effects. The intelligent control system can automatically switch to the corresponding
lighting scenes according to the rhythm of the music and the development of the plot, ensuring a perfect match
between the lighting and the performance content, while avoiding possible misoperations and energy waste that might
occur during manual switching. It can also utilize the Internet of Things technology to achieve remote monitoring
and management of stage lighting. Lighting designers or technicians can monitor and control the stage lighting system
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anytime and anywhere through terminal devices such as mobile phones and computers. For example, before the
performance, they can remotely check the running status of the lighting equipment to discover and solve potential
problems in a timely manner. During the performance, they can flexibly adjust the lighting effects according to the
reactions of the on-site audience or unexpected situations, enhancing the flexibility and adaptability of the perfor-
mance. Meanwhile, it is also convenient to collect and analyze the energy consumption data in real time, providing a
basis for subsequent energy-saving optimization.

3.3 Strengthening Energy Management Strategies

3.3.1 Energy Consumption Monitoring and Analysis

Install specialized energy consumption monitoring equipment to conduct real-time monitoring and recording of en-
ergy consumption data such as electrical energy and thermal energy of the stage lighting system. Through the analysis
of these data, the laws of lighting energy consumption under different performance plays and different scenes can be
understood, and the peak periods of energy consumption and high-energy-consuming equipment can be identified.
For example, through analysis, it is found that in a certain rock concert, due to the extensive use of high-intensity
strobe lights, the electrical energy consumption rises sharply within a certain period of time. Then, in the subsequent
performance arrangements, the way of using strobe lights can be optimized or more energy-efficient alternatives can
be sought.

3.3.2 Formulating Energy-saving Plans and Goals

Based on the results of energy consumption monitoring and analysis, formulate detailed energy-saving plans and
goals for stage lighting. For example, set a goal of reducing the electrical energy consumption of stage lighting by
20% within the next year, and break down this goal into monthly and per-performance project targets. For different
types of performances, formulate corresponding lighting usage regulations and energy-saving measures, such as lim-
iting the usage duration of certain high-energy-consuming lamps and optimizing the lighting layout to reduce light
energy loss.

3.4 Balancing Energy Conservation and Artistic Effects

3.4.1 Artistic Considerations in Lighting Design

While pursuing energy conservation, the artistic effects of stage lighting design must never be overlooked. Lighting
designers need to have a deep understanding of the theme, style, and emotional expression of the performance and
utilize various lighting design techniques to create an atmosphere that conforms to the plot. For example, in a histor-
ical drama performance, to embody the solemnity and magnificence of the ancient court, warm yellow-toned lighting
can be adopted. Through clever combinations of light and shadow, such as using side light to highlight the three-
dimensional sense of the architecture and backlight to create the contour light of the characters, the stage scene can
be made more realistic and vivid. Even when using energy-saving light sources and intelligent control systems, it is
necessary to ensure that parameters such as the color, brightness, and angle of the lights can accurately convey the
artistic intention and meet the audience's pursuit of visual aesthetics.

3.4.2 Synergy Between Functionality and Energy Conservation

In addition to its artistic expression function, stage lighting also has functional requirements such as illumination and
guiding the audience's line of sight. When designing the lighting layout, these functional requirements should be fully
considered and optimized in combination with energy-saving technologies. For example, in the lighting design of the
auditorium, an inductive lighting system can be adopted. When the audience enters or exits, some lighting fixtures
will be automatically turned on or off, which not only ensures the safe walking of the audience but also avoids
unnecessary energy waste. In the stage performance area, the illumination range and angle of the lights should be
arranged reasonably to ensure that the lighting in the actor's performance area is sufficient and even, avoiding the
need to add additional fill light equipment due to insufficient light, thus improving the energy utilization efficiency.

4. Conclusion

In summary, the design of green stage lighting is an inevitable trend in the development of the times. Through an in-
depth analysis of the current situation and problems of stage lighting energy consumption, we have proposed a series
of innovative strategies and technical methods, including the application of LED light sources, the optimization of
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intelligent control systems, and the implementation of energy management strategies. Meanwhile, during the practical
process, attention should be paid to the balance between energy conservation and the artistic effects and functionality
of stage lighting to ensure that while reducing energy consumption, a high-quality performance experience can be
brought to the audience.
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