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Abstract – Virtual and augmented reality systems have become more mature in the recent years and 

are about to enter domains besides pure research. Important characteristics of these technologies 

make them a promising approach also for the energy sector. In this paper we provide an overview of 

existing systems, describe their main characteristics and typical application domains and report ex-

ample systems that have been implemented in the energy domain.  

1. Introduction 

The term "Virtual Reality" (VR) is used to describe a series of completely different techniques. The 

spectrum ranges from digitally processed images to immersive, interactive 3D worlds. The basic 

principle in all cases is the digital reproduction of an infrastructure. Augmented Reality (AR), on the 

other hand, is the addition of digital artifacts to the real world. For example, virtual objects are faded 

into the user's field of vision. Up to now, VR and AR have been a niche product. This is set to change, 

as recently more and more off-the shelf technologies have been released for the consumer market, 

thus making VR and AR experiences affordable for a broad range of application scenarios. Oculus 

has delivered their first consumer version of a VR-Headset in March 2016, and HTC in cooperation 

with Valve (Vive) and Sony (Playstation VR aka Morpheus) followed soon. With the market launch 

of these glasses, the demand for more "serious" applications is also growing beyond the gaming 

industry. VR not only allows the presentation of the shape, but also enables testing under different 

conditions or in different environments. Car manufacturers such as Audi and Volvo have already 

realized that customers will be able to use expensive extras more quickly if they experience their 

capabilities realistically beforehand. VR can thus help decision-makers and planners to get to know 

more radical design ideas and innovations in Smart Street Design and to convince them more easily. 
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Although there is still room for technical improvements, VR and AR technology is often seen as a 

disruptive technology that will influence large parts of the economy, and we think that there are also 

important possibilities, chances and consequences for the utilities industry and energy sector. In this 

paper we would like to provide a brief overview on the spectrum of VR/AR systems, on currently 

available products and discuss possible implications for the energy sector.  

1.1 The Reality – Virtuality Continuum 

In order to better understand and systematize the characteristics of different virtual and augmented 

reality approaches we think it is helpful to refer to the conception of a Reality – Virtuality Continuum 

as introduced by Milgram et al [11]. They defined a Reality – Virtuality Continuum that provides a 

good model for classification of VR and AR technology and applications. The difference between 

VR and AR can be seen as a continuum. On the one end of the continuum is full VR on the other end 

plain reality the space in between is defined by Milgram et al. as mixed reality and includes Aug-

mented Reality (AR) and Augmented Virtuality.  

If the user is full immersed in a completely synthetic / virtual world we use the term VR. Recent 

examples for fully immersive commercial systems are head mounted displays like Oculus Rift1, HTC 

Vive2, or Google Cardboard3. A good overview of the current state of the art in VR is provided by 

Anthes et al. [1], although in this fast evolving market this will most likely be outdated soon. Cur-

rently commercial available VR solutions can be divided into cable bound HMD and wireless HMDs.  

Wireless HMDs are mostly special smartphone cases with two lenses. On the smartphone a stereo-

scopic image is displayed and can be viewed through the lenses. Tracking of the head movement and 

rendering of the corresponding field of view is done by the sensors of the smartphone. The biggest 

advantage of wireless HMDs is, that they are relatively cheap and can thus be distributed widely e.g. 

Google Cardboard. Also as no cable and PC is needed wireless HMDs are truly mobile. On the neg-

ative side computation power of current smartphones is not sufficient for providing a fully immersive 

experience.  

The second category are cable bound HMDs that are used in combination with a powerful desktop 

PC or laptop e.g. HTC Vive or Oculus Rift. Tracking is done by inertial sensors and external tracking 

technology. Biggest advantage are the possibility to provide fully immersive experiences in complex 

virtual environments and the possibility to walk around in the virtual environment. Biggest disad-

vantage are the relatively high costs that limit scalability. If users are fully immersed in a Virtual 

Environment but certain real objects are still present according to Milgram et al. [11] it can be defined 

as Augmented Virtuality, although that term is not as widely used as VR or AR. A recent technolog-

ical example for Augmented Virtuality are the Vive Trackers4 developed by HTC that enable the 

usage of real objects in a virtual environment.  

If the user is acting in a real world environment that is augmented with additional digital content we 

speak of Augmented Reality. An example for AR applications is the popular commercial game 

                                                                    
1 https://www.oculus.com/  
2 https://www.vive.com/  
3 https://vr.google.com/cardboard/  
4 https://www.vive.com/us/vive-tracker-for-developer/  

https://www.oculus.com/
https://www.vive.com/
https://vr.google.com/cardboard/
https://www.vive.com/us/vive-tracker-for-developer/
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Pokemon Go. In Pokemon Go digital characters (Pokemons) are blended seamlessly into reality (cap-

tured through the smartphones camera, thus providing the illusion that the virtual object is a part of 

the environment. A comprehensive overview of the state of the art in AR technology is provided by 

Billinghurst et al. [4]. Currently available commercial examples are regular smartphones used as AR 

devices or head worn glasses like e.g. the Microsoft HoloLens5. Positioning of virtual objects in 

reality can be done through a broad range of technologies – cf [4] for example by markers (e.g. 

Vuforia framework6), GPS positioning (e.g. Pokemon Go7) or depthcameras (e.g. Microsoft Ho-

lolens). 

Figure 1 below shows this continuum from the real to the virtual environment with possible examples 

and application scenario taken out of the energy context: Left we see a lineman working in his phys-

ical environment, next a worker using a headset with micro-display (augmenting him with context 

information) is shown8. Another possible application uses a CAVE-Environment [2], and on the right 

an example for full virtuality is shown [10].  

 

 

       

Figure 1: The continuum of real and virtual environments 

 

We can conclude, that AR and VR technology has evolved from a niche in research towards a broadly 

available product that can be used in a broad range of application scenarios. Although gaming is 

currently the main reason for the rapid evolvement of AR and VR technology more “serious” appli-

cation areas for VR and AR are catching up such as training [5] and assistance for maintenance and 

production [9]. 

  

                                                                    
5 https://www.microsoft.com/en-us/hololens  
6 https://www.vuforia.com/  
7 http://www.pokemongo.com  
8 http://www.kopin.com/offerings/headset-solutions 

 

https://www.microsoft.com/en-us/hololens
https://www.vuforia.com/
http://www.pokemongo.com/
http://www.kopin.com/offerings/headset-solutions
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2. Applications of AR and VR in the energy industry 

Considering these characteristics of Virtual and Augmented Reality systems it is not surprising that 

promising concepts and prototypes in the utilities industry have been suggested and developed. And 

in fact, the energy domain has a strikingly large share in the portfolio of application opportunities 

presented and explored by research institutes and companies. Many advantages of AR and VR are 

especially exploitable for this sector, as it employs a large workforce that is active in the field. This 

group of users' needs orientation and spatial guidance enabled by AR, extra safety information in a 

challenging natural and technological environment (see some example projects in section 2.1). Fur-

thermore, the opportunities of spatial mapping of information by VR offers a reduction of complexity 

for specialized operators, who have to deal with an increasingly complex and distributed infrastruc-

ture (see section 2.2). Furthermore, the opportunities of spatially-encoded intuitive and context-em-

bedded knowledge transfer leveraging an increasing number of VR- and AR-based training courses 

(see section 2.3Fehler! Verweisquelle konnte nicht gefunden werden.). There are also further uses 

of VR in the energy domain, which includes planning support (e.g. exploring opportunities for the 

exact placement of a substation) and public dissemination (such as enabling citizens to preview future 

wind turbines in their neighborhood and participate in the decision process).  

 

2.1 Supporting field workers 

In the field and on the spot, AR has obvious advantages, as the field-worker’s view of the physical 

surroundings can be superimposed with otherwise invisible or inaccessible digital information. Ex-

amples for such information would be real-time data or feedback from the control center or could be 

a useful way to decrease the load of field workers. 

Already in 2009, Schall et al. [14] presented a functional handheld augmented reality system that 

visualized underground infrastructure for water supply for field workers of a utility company. Opris 

et al. [12], for example, mention the in-situ visualizations of real-time data measurements and 

SCADA applications, specific information from other dependent systems, design plans of sub-sta-

tions, or step-by-step instructions for the next actions. Also, AR could help to avoid risks, such as 

visualizing invisible poisonous gas that had evaded from a leak, or by indicating low levels of insu-

lation oil. Another use of AR is the communication and documentation by field workers at the prem-

ises of utilities or at the customer. 

 

2.2 Supporting control operators and maintenance staff  

For operators in control rooms, who have to deal with a large mass of abstract information related to 

remote spaces, VR has been explored to decrease complexity. For example, virtual reality techniques 

were considered for routine monitoring and control in power systems operations, such as showing 

the operation and status of substations in an intuitive way [7]. Cardoso et al. [6] state that inspecting 

realistic and digitally annotated 3D models of substations should be much less demanding than ana-
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lyzing 2D diagrams.  From a business side, VR-products are being offered for VR-based asset man-

agement (see Virtalis.de). But also AR has been proposed as a means to provide tailored data in a 

contextually relevant way, in order to support human operators [12]. 

 

2.3 Education and training 

One of the most active and promising application domains for VR and AR is training. Due to the 

large scale demand of skill acquisition in the energy field in various fields, the training industry is 

constantly looking for more advanced, efficient and safe methodologies. To this end, the character-

istics of VR and AR are especially appealing: these techniques allow learners to interact with the 

content, and they are no longer an observer but can touch and feel the experience which enhances 

learning and supports understanding.  

Another important aspect is that the training system can address situations that are otherwise difficult 

or impossible to implement in a training scenario. In the same ways as medical students can try their 

first surgeries without injuring patients and future astronauts can get ready for the next space mission, 

maintenance workers can train in hazardous environments without real danger. Due to this factors 

using VR/AR also has the potential to significantly reduce the costs of training.  

Since relatively recently there is a number of commercial providers of VR and AR products for the 

energy industry, and some of these show impressive demos and use cases on their web portals. Train-

ing contents can range from setting up offshore wind turbines, installation and setup activities in 

urban as well as in industrial environments, working routines at production sites, crisis and emer-

gency response, or technical details of equipment such as substations. 
In the following paragraphs we present two approaches and example systems taken from different 

end points of the continuum from reality to full immersion in order to illustrate the whole spectrum 

of potentials.  

2.3.1 Non-immersive environment: A training system for maintenance of high power live-

lines  

Several virtual reality based training systems have been developed in order to capitalize the potentials 

of virtual reality approaches for training purposes. An example system is the ALEN 3D system [10] 

[], which is in use since several years for training purposes of the Mexican electric utility company. 

The training is focused on the maintenance of high power live-lines in a distribution system.  

The training system provides simulation facilities which consist of interactive 3D representation of 

the actual work environment and allow the trainee to interact with the system in a realistic way, even 

in abnormal operation and emergencies. 3D models of the different relevant elements (equipment, 

materials and tools) are modeled as 3D shapes to scale and have a realistic appearance. The created 

virtual scenes are enhanced with animation, interactivity and audio. The user interacts with the virtual 

world using conventional interaction devices (a computer mouse), which allow him to select and 

manipulate mouse-sensitive 3D objects. Valid clicks trigger 3D animations that show how to install 

the materials, how to operate the equipment and the location where the technicians should be placed. 

The system is training thousands of live-line operators from the 13 divisions of distribution system 

of the Mexican electric utility company. 
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2.3.2 Full immersion: A training systems for live-line workers  

Work in power systems should be free of interruption as much as possible, so it is carried out 

by live-line techniques. VR-based training systems provides the possibilities for cost-effective 

training and guarantees safety during training operations. Park et al [13] developed a virtual reality 

based training system (VRTS) for live line workers that consisted of a HMD, sensing glove, and a 

spatial tracking system. Objects involved in virtual live-line work environment are modeled as 3D 

shapes. The target scenario is the live-line Cut-Out-Switch (COS) replacement work. This work is 

typically done at the top of the pole in an insulated bucket truck. Similar to the realistic context in 

this system the trainee can move his or her own position, as if he or she were in the bucket truck, by 

using voice commands such as “up,” “down,” “left,” and so on. To increase the sense of reality, also 

different electric phenomenon such as electric sparks are implemented. The developed training sys-

tem has been tested by 24 linemen with realistic tasks such as the insulation of the power line on the 

pole or the installation of a bypass jumper cable. Most participants reported that the developed system 

is effective and adequate to complement the current training process, but also that further improve-

ments of the technology (especially haptic feedback) would increase the systems usefulness. 

3. Outlook and Conclusions 

Virtual and augmented reality hard- and software technology has reached a level of maturity and 

affordability that makes it already viable and scalable for practical application in a wide range of 

industrial contexts. Besides visual fidelity, especially the advances in haptic interactions that make it 

so appealing for many purposes. Especially for (electrical) energy utilities, there is a range of prob-

lems that can well be addressed by virtual and augmented reality services. Beyond the specialized 

application fields mentioned above, it appears important to blend and entangle VR and AR technol-

ogy with existing processes and solutions. For example, the paradigm of blended learning should be 

followed, rather than embarking on stand-alone solutions, such that the strengths and weaknesses of 

traditional training, non-immersive and immersive VR and real-world training are combined in a 

suitable way.  

Many of the above proposed approaches for using VR or AR for application energy domain are so 

far in a conceptual stage. Still, most companies restrict their staff to use standard hardened laptops, 

tablets or mobiles. However, along with the growing interest in and maturity of this technology, we 

expect that wearable devices along with VR and AR equipment will be applied to enable hands-free 

modes for the complex and dangerous tasks that utility workers are engaged in.   

The overarching success factor besides the actual technological maturity of VR equipment and the 

fidelity of content rendering, is whether the training strategy itself is properly designed and embedded 

in the application context as well as the available interaction opportunities and constraints. In order 

to achieve a high uptake rate, satisfactory learning effects, systematic user-centered design and ac-

companying evaluations are needed. 
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