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Abstract  

Building Energy Simulation for retrofit can be time 

consuming due to lack of data and costly site surveys. 

This research aims to remove bottle necks to this 

workflow by creating building geometry automatically, of 

comparable accuracy, from Point Clouds. Previous 

attempts at automated geometry creation have had 

varying degrees of success. These haven’t focussed on 

industrial facilities and Building Information Modelling 

(BIM) interoperability remains a challenge. A Point 

Cloud processing technique has been applied to building 

laser scans resulting in the rapid generation of a file 

describing the building geometry that can be used for 

future building energy simulation applications. 

Introduction 

Industrial buildings account for a substantial proportion 

of global end-use energy. However, there is 

comparatively little existing research into Building 

Energy Modelling and Simulation (BEMS) for industrial 

applications which tends to focus on residential and office 

buildings. Current methods of performing BEMS on 

existing buildings require up-to-date building plans, 

which may not be available, or extensive site surveys. 

Existing industrial buildings pose a complex challenge in 

that complete building plans may not be available, due to 

undocumented alterations to the building structure and 

fabric during its lifespan resulting in time consuming site 

surveys to aid manual building model generation 

(Garwood et al. 2017). 

The interoperability of Building Information Modelling 

(BIM) data with the array of possible engineering 

applications cannot be guaranteed which can lead to the 

requirement, to manually remodel buildings (Bahar et al. 

2013; Gourlis & Kovacic 2017; Guzmán Garcia & Zhu 

2015). These are disincentives to use BEMS for retrofit 

and refurbishment projects as the costs of BEMS are 

disproportionate for the time taken to perform actual 

engineering energy assessments.  

The objective of this research is to develop an improved 

workflow for the energy simulation of large industrial 

type buildings, for use in retrofit and refurbishment 

activities. This will be achieved by 1) substantially 

reducing the time taken to produce suitable geometry of 

an existing building for accurate BEMS, and 2) ensuring 

the results of any simulations are also comparable with 

those obtained from simulations where the building 

geometry has been modelled via traditional manual 

methods. 

The current state-of-the-art is based on two broadly 

different approaches. The first considers laser scans that 

are isolated to localised external geometry or simple 

internal geometry such as corridors with limited clutter by 

Previtali (Previtali et al. 2014; Thomson & Boehm 2015; 

Wang & Cho 2014, 2015) and the second is based on high 

detail internal scans including environmental clutter 

(Ochmann et al. 2016; Xiong et al. 2013). The later are 

deemed to be more sophisticated and to-date have 

focussed on the generation of BIM which can require a 

very high level of accuracy and detail for the automatic 

BIM to be considered acceptable for replacing manually 

created BIM. The important difference of BEMS 

geometry creation is in recreating geometry from laser 

scans the model volumes and floor surface areas are the 

most important variables to capture. This kind of 

reconstruction does not require the high fidelity of 

accuracy and detail required of BIM. As such, the existing 

state-of-the-art approaches should be sufficient for BEMS 

applications. 

This research details a novel methodology for an 

improved geometry generation workflow, for building 

energy simulation applications, using existing industrial 

facilities as case studies. Internal building geometry was 

captured using a laser scanner from several positions 

throughout the buildings. The laser scans were all 

combined producing a Point Cloud representation of the 

entire building based on internal surfaces. The Point 

Cloud was automatically processed, to produce a valid 

gbXML data file (Green Building XML (gbXML) Inc 

n.d.), containing the building geometry. gbXML was 

selected as it is open access, portable, readily imported 

into many leading BEMS software packages and 

considered to be well suited for thermal simulations 

(Bahar et al. 2013). This research differs from existing 

research in its attempt to apply state-of-the-art technology 

to the application of BEMS. 

To provide a comparison benchmark, an industrial 

building geometry was also manually modelled. 

Appropriate boundary conditions were applied and 

building energy simulations were conducted. The results 

of the manual model were validated against past energy 

bills using industrial standard guidance (ASHRAE 2002) 

to ensure it was sufficiently representative of the 

building’s energy use.  
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The presented method dramatically reduces the time taken 

to produce building geometry for energy simulation 

purposes achieving an 85% reduction to the workflow 

while obtaining simulated results that are considered 

validated against measured data– although further 

improvement is still required. 

This research improves the value of performing BEMS on 

existing buildings, especially industrial buildings, where 

the future opportunity exists to couple the simulation of 

the building energy use with process energy use for a 

holistically accurate whole-building assessment of energy 

use (Garwood et al. 2018b). 

Experiment 

Geometry capture 

Laser scans have been captured from two industrial 

facilities, see Figure 1 and Figure 2. The first is a Research 

and Development (R&D) factory based in Sheffield and 

the second, which is of a more localised area, is the paint 

shop basement of an automotive manufacturer. 

The scans were both captured by different personnel using 

different market leading scanning systems and software 

resulting in Point Cloud scans in differing formats. As 

multiple scans were taken at each location the scans 

required alignment via a registration process. The scans 

were registered manually using commercial software and 

converted into e57 data formats (ASTM 2011). 

 

 
Figure 1: Point Cloud of R&D factory 

 

 
Figure 2: Point Cloud of Paint Shop Basement 

Pre-processing 

Following registration, the scans were pre-processed to 

downsize the number of points in the scan, based on user 

input, and estimate the normal direction of each point 

based on a nearest neighbour algorithm. The downsizing 

reduces the computational time and power required to 

process the Point Clouds and, the normal estimation 

ensures that the normal directions of each point, in the 

Point Cloud, are estimated toward the scanning location 

to aid geometry detection. 

Geometry reconstruction 

Building on the methodology outlined by Ochmann et al. 

(Ochmann et al. 2016), the e57 building scans are 

processed to detect primitive geometry such as planes.  

The process uses an efficient Random Sample Consensus 

(RANSAC) methodology for primitive plane detection, 

from unordered Point Clouds, which is simple and robust 

(Schnabel et al. 2007). When coupled with a ray-casting 

technique from each scanner viewpoint the primitive 

planes can be categorised as internal building geometry 

(i.e. surfaces) or discarded (e.g. noise or exterior entities). 

A floor plan for each room is determined based on 

detected wall positions and a room envelope can be 

created. This results in identification of the main building 

geometry with noise and clutter ignored in most cases. A 

subsequent ray-casting process detects holes or features in 

each wall that are currently categorised in a basic manner 

as door or window based on their size and geometry. This 

allows room boundaries, floors and ceilings to be 

identified as well as walls that separate adjoining rooms 

and openings such as doors and windows.  

The novelty of this research lies in converting this room 

boundary data into thermal surface data which is written 

into a valid gbXML format (Garwood et al. 2018a) that 

can be successfully imported into commercial BEMS 

software.  

The software is robust in identifying parallel surfaces on 

either side of a wall as being each side of a single wall. 

This is achieved by producing sequential lines of edges 

around the boundary of each room’s floor layout. Each 

edge is a vector having direction and magnitude. At each 

boundary every edge is accompanied by a twin edge 

representing the opposite side of the detected boundary 

that has an opposing direction. This twin edge will either 

be assigned to an exterior boundary or another internal 

room. For adjacent rooms, the edges will be considered to 

be from different sides of the same internal wall if they 

are sufficiently parallel and close to each other. For these 

internal walls a thermal surface is created along the centre 

line of each internal wall. For external walls the thermal 

surface is created on the inside wall surface visible by the 

scanner. 

Figure 3 and Figure 4 illustrate the latest results of this 

successful reconstruction in a commercial BEMS 

software for the both the R&D factory and the automotive 

paint shop basement. The reconstructions can be 

compared visually against Figure 1 and Figure 2 to 

illustrate the geometrical likeness. 
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Importantly both were written to the gbXML file format 

and then successfully imported into a commercial BEMS 

software package allowing for thermal simulations to take 

place. 

 
Figure 3: R&D factory BEMS reconstruction 

 

 
Figure 4: Paint Shop Basement BEMS reconstruction 

 

Benchmarking and validation 

Although the reconstruction geometry in both case studies 

appear like the original Point Clouds they need to be 

compared against traditional methods of creating a 

building energy model to quantitatively establish their 

accuracy.  

The geometry of the R&D factory was manually modelled 

in BEMS software. The geometry was informed by using 

existing BIM, in Industry Foundation Class (IFC) format, 

that was not compatible for BEMS. Appropriate boundary 

conditions were subsequently applied such as building 

construction materials, Heating, Ventilation and Cooling 

(HVAC) system and schedule, occupancy schedule, 

building location and orientation etc. (Garwood et al. 

2018a). These details were obtained during site surveys 

and discussions with the factory owners. Where no 

reliable information was available the relevant industrial 

guidance was used to inform assumptions about certain 

boundary conditions (CIBSE 2016). 

Thermal simulations were conducted for a 12-month 

period and the results of this manual model were 

appropriately validated using industrial guidance 

(ASHRAE 2002) which achieved a Coefficient of 

Variation of the Root Mean Square Error (CVRMSE) and 

Normalised Mean Bias Error (NMBE) of 12.13% and 

3.66% respectively which is within acceptable bounds. 

The manual BEMS geometry and validated thermal 

energy results can be seen in Figure 5 and Figure 6 

respectively. These will provide a validation benchmark 

for the Point Cloud reconstruction as part of future 

research. As the thermal volume and floor surface area of 

the building is an important parameter in these 

reconstructions, the thermal volumes between manually 

created and automatically reconstructed models can also 

be compared to gauge the accuracy of volume creation. 

 

 
Figure 5: Manual BEMS Geometry of R&D factory 

 

 
Figure 6: Validated Results from Manual BEMS 

 

Unfortunately building energy and use data is not 

currently available for the automotive paint shop 

basement. As such future research will look at obtaining 

the required information to provide a quantitative 

comparison. 
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Preliminary reconstruction results 

Following the creation of a validated benchmark model 

the reconstructed model can be assessed with the identical 

boundary conditions. The model shown in Figure 3 was 

subsequently edited to merge adjacent airspaces, 

incorporate missing windows and doors and apply these 

boundary conditions, see Figure 7. 

 

 
Figure 7: Tidied Reconstructed BEMS Geometry 

 

When compared with the measured energy, the energy 

simulation of the reconstruction achieves a CVRMSE and 

a NMBE of 8.06% and 2.43% respectively. In line with 

industrial guidance (ASHRAE 2002) these indices fall 

within acceptable ranges and could be considered a 

success. However, Figure 8 identifies that over the course 

of a 12-month period the simulated energy use for the 

reconstructed model is always over-estimated November 

to April and under-estimated May to October. This has the 

effect on the dataset of compensating for errors on 

individual months throughout the years. Although strictly 

considered as valid further work is required to improve 

confidence in this reconstruction process. It is worth 

noting that the best industrial practice has no stipulation 

on the maximum permissible error of any one monthly 

simulation compared with measured data. Some 

researchers have identified significant deviations between 

validated simulation models and measured energy 

(Coakley et al. 2014). 

 

 
Figure 8: Results from Reconstructed BEMS 

Workflow improvements 

In addition to the preliminary quantitative results for 

thermal simulation using an automatically reconstructed 

building, qualitative observations regarding the 

“Scan2BEMS” workflow have been made to-date that 

shows positive potential for future research. Table 1 

outlines the expected improvement/reduction that can be 

achieved in the workflow for retrofit BEMS, based on an 

8-hour working day, which is approximately an 85% 

reduction in time to produce geometry for BEMS. 

 

Table 1: Workflow Reduction based on R&D Factory 

Case Study 

Method Activity Time 

Manual 
Geometry 

Production 

3 weeks 

(120 hours) 

Automatic 

Based on 

results of 

Figure 3 

Site Survey 

with Laser 

Scanner 

(26 scans) 

4.3 hours 

Scan 

Registration 

1 day 

(8 hours) 

Pre-processing 

& 

Reconstruction 

0.5 days 

(4 hours) 

Tidy up 

Geometry 

 

0.25 days 

(2 hours) 

 

Discussion 

Observations 

The research to-date shows promise, but further 

quantitative results or process improvements are required 

before the success of the methodology can be determined. 

However, some observations for discussion can be made 

on the current state of research. 

One of the difficulties for the R&D factory was that the 

circular factory is highly glazed with windows from floor 

to ceiling around the entire perimeter. This meant that the 

thin window frames were very difficult to detect using the 

efficient RANSAC method. Even if a portion of the 

window frames are detected they are unlikely to be 

clustered with other portions to create an entire wall sized 

plane. This makes detection, and therefore reconstruction, 

difficult. The scanner interpreted the reflection from the 

glazing as actual surfaces which created scans with high 

levels of noise. 

The glazed portion of the building was scanned on two 

separate occasions, one with blinds open and the second 

with blinds closed. The initial reconstruction attempt, 

with factory blinds open, is illustrated in Figure 9 which 

can be compared against Figure 3. This shows that with 

blinds down, as expected, the automatic reconstruction 

has improved for wall detection, however for accurate 

BEMS the windows had to be added back in manually, 

see Figure 7. 
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Figure 9: Reconstruction with Blinds Open 

 

This identifies the requirement for a good judgement on 

the difficulty of performing a building scan before 

scanning has commenced, and taking appropriate actions 

such as closing blinds, to improve the Scan2BEMS 

workflow. 

Although cluttered with equipment, the geometry of the 

Paint Shop Basement is simple (i.e. straight lines, little 

glazing, clear corners, a single storey). For the more 

complex R&D Factory the full building scan was split into 

individual storeys. There is the potential for the 

reconstruction to be generalised to cover multiple stories 

but is currently out of the scope of the research. This scan 

splitting should not have too detrimental an effect on the 

workflow time as the individually generated gbXML files 

can be imported separately into BEMS software packages 

and combined 

As previously discussed the opening detection, within a 

wall, is basic. More specifically the categorisation of an 

opening, following detection is basic. The current method 

categorises an opening based simply on geometrical 

properties such as height and width. This method should 

be robust enough for doors that tend to be of standard 

sizes, with a few exceptions. However, windows come in 

all manner of shapes and sizes and, as such a more 

sophisticated technique may be required in future 

research. One potential method of differentiation is that a 

closed door would be easily detected as a surface 

compared with a closed window that may be identified as 

a gap in the surface as the laser from the scanner passes 

through it. 

The pre-processing of e57 scans is primarily so that 

individual point normal directions can be calculated but 

downsizing is also of benefit. The e57 scan of the entire 

R&D Factory comprised 83 scans each taken with a 

resolution of 12.5mm at 10m from the scanner. This 

resulted in an e57 file containing 941 million co-ordinate 

points. There are two options available to reduce the 

amount of data that requires processing.  The first is to 

select a sufficiently small enough number of scans from 

the 83 that the reconstruction can be adequately achieved. 

The second is downsizing via a Voxel Grid Filter; both 

methods can also be combined. Downsizing the Point 

Cloud with a Voxel Grid filter can drastically reduce the 

amount of data that requires processing which is 

advantageous if required computing power is not 

available, see Figure 10. However, in reducing the Point 

Cloud resolution this may have an adverse effect on 

reconstruction accuracy. This will be the subject of future 

research. Note: The computing resources used in this 

research are listed at the end of this section. 

The Voxel Grid filter operates by superimposing a three-

dimensional grid over the source Point Cloud, in this case 

a grid of cubes known as Voxels. The size of the 

individual Voxels is determined by the user. In this 

research, the Voxel edge length ranged from 5mm to 

100mm in 5mm increments. Once the cubic grid has been 

established every point that falls within a single Voxel is 

replaced by a single point. This new point is located, at 

the centroid of all points that were contained in the 

individual Voxel. This has the effect of smoothing out the 

e57 scan in a more uniform fashion. 

 

 
Figure 10: e57 File Size vs Point Cloud Voxel Grid Size 

 

Future research 

Priority areas for future research include the obtaining of 

information to provide quantitative results for the 

Automotive Paint Shop basement and improving BEMS 

on the R&D factory automatic reconstruction to establish 

how accurate simulations using this method can be. 

It should be noted that the registration process (i.e. 

aligning the individual scans) has been identified as 

another bottleneck of the workflow and needs to be the 

subject of future research. In doing so, the Site Survey 

portion of the workflow can also be reduced if, for 

example, the captured Point Clouds were live streamed as 

the scanner was moved around the building instead of 

scanning at a discrete number of locations while the 

scanner is stationary. Along these lines it would also be 

an interesting study to compare the results of external 

building scans directly against internal scans. 

Computing resources 

Operating System – Windows 10 Professional 64-bit 

CPUs – 2 x INTEL XENON E5-2620 v2 @ 2.1GHz 

Memory – 4 x 16GB 1600MHz DDR3 

Hard Drive – 1TB 

Graphics – NVIDIA Quadro K4000 

Conclusion 

The research outlined in this paper has shown the 

potential for an improved workflow for BEMS when 

performing retrofit assessments in the non-domestic 

sector. The research is ongoing, but this paper has 

outlined the future directions that may be taken in its 

continuation. 
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By tackling the disincentives of the existing BEMS 

workflow for retrofit assessments, industry will be 

enabled to be more effective while providing increased 

value in their services. Once disincentives have been 

reduced or removed, action can be taken to combine the 

energy use of a building with the processes performed 

inside for a truly holistic assessment of energy use which 

is more effective than considering both in isolation 

(Garwood et al. 2018b). The ever-increasing deployment 

of smart meters into non-domestic sectors present ample 

opportunity to exploit energy use data collection towards 

this end. 
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