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ABSTRACT

Although a considerable amount of research has been focused on how building information modeling (BIM) helps improve 
sustainable construction, BIM(6D) model validation and efficient data analysis methods are still lacking. This study aims 
to provide the more effective research method and analytical method. The Greenjiansville Sunshine analysis software 
Sun2020 and daylight analysis software Dali2020 were used for 6D modeling and simulation and real simulation of a 
building outside the daylight range and time. The daylight coefficients, outdoor visual field observation rate, and daylight 
quality were calculated for the rooms inside the building. The results show that single the daylight statistics and analysis 
color map can not accurately analyze whether the actual daylighting meets the demand, but combined with Power BI 
comprehensive analysis can get fast and accurate results. This paper provides important guidance for building researchers 
and practitioners to better align BIM development with green building development in the future.
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INTRODUCTION

The concept of sustainable development is rapidly evolving 
to embrace the ongoing relationship among social, 
economic, and natural systems. In 2018, Wang Tiehong 
(2018) president of the China Building Association, stated 
that the transformation and upgrading of the construction 
industry should focus on green development and should 
comprehensively and deeply promote the development of 
green buildings, prefabricated buildings, and ultralow-
energy-consumption passive buildings (L. Yujie. et al. 2017; 
Mazzoli, C. et al. 2021).

From 2015 to the end of June 2021, Hamed. and 
Hamidreza et al. focused on the studies published in 
the domains of BIM and sustainability, which have been 
published in the seminal databases as Scopus and Web 
of Science (WoS), and they found that green buildings 
and rating system are two themes considered in BIM and 
sustainability (Ferdosi H. et al. 2022; Carvalho JP. et al. 
2021; Fokaides PA. et al. 2020). BIM provides essential 
data and information for projects and encompasses several 
valuable functions for building performance analysis 
method (Liu S. et al. 2015), materials and resources, energy 
and atmosphere, sustainable sites, indoor environmental 
quality, and innovation (Mirpanahi MV. et al. 2021; Huang, 
B. et al. 2021).

The BIM 6D concept is associated with aspects related 
to energy efficiency and simulation, which themselves 

are associated with environmental pollution and the 
sustainability of the building. Aspects associated with 
efficient and sustainable maintenance, as well as the life 
cycle of materials, must be considered (Charef, R. et al. 
2018). By means of 6D model, the real behaviour of the 
building can be simulated, helping to make decisions about 
the design and operation of the building (Yule, S. et al. 
2006; Montiel-Santiago, F. J. et al. 2020). This is because 
it makes it possible to improve energy efficiency, which, in 
turn, provides greater quality and comfort in the use of the 
building. It is in the design phase of new buildings when the 
greatest emphasis can be placed on the future building being 
built for sustainability and energy efficiency, i.e., when 
the building geometry is decided, as well the orientation, 
compactness, envelope, etc (Zhan, S. et al. 2020; Mésároš, 
P. et al. 2021).

Autodesk Revit, the most popular BIM authoring tool 
among researchers, has been referred to in 42 research 
articles and used in modelling works. Other software, 
such as ArchiCAD, is discussed in review papers in refs. 
(L. Sanhudo. et al. 2018; Z. Alwan. et al. 2016; W.-T. 
Hong. et al. 2019; F. Mellado. et al. 2020; S.B.M. Ali. et 
al. 2020). Although a considerable amount of research has 
been focused on how Building Information Modeling (BIM) 
helps improve sustainable construction (Ferdosi H. et al. 
2022). BIM tools such as the ERGON module of IES-VE can 
model real operational data and by utilizing its integrated 
processes, the requirements of the LEED standard can 
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be analyzed and evaluated from various aspects such 
as daylight, reduced consumption of water, and other 
utilities (Ansah MK. et al. 2019; Wen, Q. et al. 2020). 
While much research has focused on how BIM can help 
improve sustainable construction, there are still a limited 
number of studies that have investigated the BIM process in 
sustainability fields.

In this work, the possibilities of improving the energy 
efficiency of a building that the BIM methodology offers are 
studied. The reasonable use of natural light, this considers 
the great energy-saving potential that the role of daylight 
can play on a daily basis and the quality of the internal 
space quality. In terms of lighting buildings, by simulating 
the energy model, the possibility of improving efficiency 
can be studied from various perspectives, such as daylight, 
building orientation. Power BI was used for visual analysis of 
sunlight analysis data and daylight analysis data. In addition 
to analyzing the energy model, the most important work of 
this study is to provide readers with convenient guidance for 
the integrated application of BIM and Power BI.

METHODOLOGY 

INTRODUCTION TO SUN 2020 AND DALI2020

Sun2020 is a professional sunshine analysis software 
released by Thsware company. This sunshine analysis tool is 

popular in many architectural design industries. The software 
can provide sunshine simulation, sunshine analysis, export 
analysis report and other functions to provide more sunshine 
data for architectural design.

Dali2020 is a professional daylight analysis software 
by Thsware. The biggest difference between this software 
and sunshine analysis software is that the research object of 
daylight analysis is the interior of the building, and it can 
calculate the daylight coefficient, daylight level. Generally, 
designers like to use sunshine analysis in combine with 
daylight analysis.

Current energy analysis software can export various 
kinds of file format for analysis, but there are still some 
detailed data in BIM that cannot be exported. However, 
Power BI can be used as a universal tool of data management 
to address the issue that operability is not treated the same in 
analysis research as in BIM. Figure 1 illustrates the research 
procedure of this study.

METHODS

Considering that Revit can interact with more BIM 
softwares, so it is selected for modeling. Although Revit 
contains additional item of light analysis, Sun2020 and 
Dali202 software can achieve more analysis of sunlight. 
Therefore, they are used in this study to simulate sunshine 
and daylight respectively. The specific operation process is 
shown in Figure 1.

FIGURE 1. Flow chart of research methods and procedure of this study

RESULTS AND DISCUSSION

The overall sunshine situation of the building will be dis-
cussed in section 3.1, including the analysis of the shielding 
relationship between the 2# school building and other build-
ings, and the analysis of the sunshine duration in a day in the 
area around the 2# school building. Section 3.2 will discuss 
how to quickly and accurately analyze the indoor daylight 
results of 2# school building by combining Power BI.

SUNSHINE ANALYSIS RESULTS

In this project, it was necessary to calculate the sunshine 
conditions of the 2# school building, library, dining hall, and 
other buildings in the campus. The relationship between the 
shielding and the being shielded between buildings is shown 
in Table 1. According to the data in the table, the 2# school 
building is only blocked by the original school building, but 
It also blocks the library and dining hall.
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TABLE 1. The basic situation of object buildings in the shielding area of the base

Sheltered buildings Shelter buildings
Name Height (m) Name

2# School building 10.7 Original school building
Office building 3.3 Gate guard, Library, Dining hall

Gate guard 3.3 Library
Library 9.7 2# School building, Original school building, Dining hall

Original school building 12.3
Dining hall 6.6 2# School building, Library, Original school building

FIGURE 2. The shadow range of 2# school building obtained from Sun2020 from 8:00 to 16:00
(a)At 8 o ’clock, (b) At 9 o ’clock, (c)At 15 o ’clock, (d)At 16 o ’clock

Figure 2 shows the shadow changes of buildings from 
8:00 a.m. to 4:00 p.m., among which the building marked 
with five stars is the 2# school building. The shadow 
changes in the figure reveal that the 2# school building is 
only covered by a small range of the original school building 
before 9:00 a.m. The rest of the time it’s not covered by 
other buildings. The sunshine low after 16:00 is very weak, 
so this paper did not analyze.

The most commonly used parameter in several empirical 
models that have been used to calculate solar radiation is 
sunshine duration, because it can be easily and reliably 
measured, and data are widely available (Al-mostafa ZA. et 
al. 2014; Almorox J. et al. 2005).

Figure 3 presents the sunshine duration of each point in 
the analysis area of 2# school building. The sunshine duration 
in this study refers to the continuous sunshine obtained by 
analysis during the effective period of the winter solstice 
(the day with the fewest hours of sunshine) for the main 
window facing the object building. The numbers in different 
colors indicate the length of daylight at that point. After 
analyzing the sunshine duration of the area around the 2# 
school building, it was found that the sunshine duration of 
the southern area was basically 8 h, while the northern area 
was backlit, and the sunshine duration of some areas was 
zero. The variation of sunshine duration on the east and west 
sides was more obvious, reaching more than 3 h. Therefore, 
all window lighting time of the 2# school building was more 
than 3 h, so sunshine conditions were met.
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FIGURE 3. The sunshine duration of each point in the analysis area of 2# school building from Sun2020
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DAYLIGHT ANALYSIS RESULTS 

Detailed analysis on this finding is performed using 
statistical analysis to determine the association 
between each parameter. Daylight analysis is quite 
different from sunshine analysis, mainly as follows: 
(1) The research object of daylight analysis is 
indoors, while that of the sunshine analysis is 
outdoors. (2) The statistical object of daylight 
analysis is the calculation point in the room, and the 
calculation objects of sunshine analysis are the 

sunshine window and the plane area of the building. 
(3) The light climate condition in daylight analysis 
is all cloudy, while the light climate condition in 
sunshine analysis is sunny.  

According to the requirements of the 
“Building Lighting Design Standard,” the lighting 
coefficient of office, toilet, corridor, restaurant, and 
classroom in the building should be calculated. The 
calculation results are shown in the following charts.

  

 

 

 

2# School Building 

DAYLIGHT ANALYSIS RESULTS

Detailed analysis on this finding is performed using 
statistical analysis to determine the association between 
each parameter. Daylight analysis is quite different from 
sunshine analysis, mainly as follows: (1) The research 
object of daylight analysis is indoors, while that of the 
sunshine analysis is outdoors. (2) The statistical object of 
daylight analysis is the calculation point in the room, and 

FIGURE 4. Daylight analysis statistical graph on the first floor from Power BI

the calculation objects of sunshine analysis are the sunshine 
window and the plane area of the building. (3) The light 
climate condition in daylight analysis is all cloudy, while the 
light climate condition in sunshine analysis is sunny. 

According to the requirements of the “Building 
Lighting Design Standard,” the lighting coefficient of office, 
toilet, corridor, restaurant, and classroom in the building 
should be calculated. The calculation results are shown in 
the following charts.
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FIGURE 5. Daylight analysis color map on the first floor from Dali2020

(a)daylight analysis of the toilet on the first floor (b)daylight analysis of the office on the first floor 
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Figure 4 shows the actual and standard 

daylight rates for all rooms on the first floor. This 
analysis data can be visually interacted with the 
colored map of the room. If any data is viewed in 
Power BI, it can visually interact with related data, 
and this analysis process can greatly improve 
productivity.   

Figure 5 is a daylight analysis map on the 
first floor. The color map of daylight coefficient 
analysis directly reflects the daylight effect of each 
room in the building. The figure legend shows the 
fill colors within the standard values (e.g. When the 
lighting coefficient is in the range of 11.0%-12.6%, 
the analysis map is shown in red.) This map was 
exported by the analysis software Dali2020, which 
vividly shows the daylight dynamics in the plane of 
the first floor, but it is not analyzed by Power BI. 
Because there is still no perfect way to analyze it in 
Power BI, which is also a problem that needs to be 
solved urgently.  

Figure 6 (a) shows the daylight situation of 
toilets on the first floor. As can be seen from the 
figure, the actual daylight coefficient of the toilet is 
3.93%, which is the highest among all the rooms on 
the first floor. According to Figure 5, there is no 
abnormality in the lighting of this room, but 
according to “Green Building Evaluation Standard”, 
the standard value of lighting coefficient of toilets is 
only 1%. So the daylight of this room cannot satisfy 
the daylight requirement.  

Figure 6 (b) shows the daylight of the office 
on the left side of the stairwell on the first floor. The 
actual daylight value of this room is very low, only 
0.05%, which is consistent with the lighting 
situation of the office shown in Figure 5. Therefore, 
this room must increase the daylight by expanding 
the window area or adding some facilities that can 
improve the natural lighting. 

Figure 7 shows the actual and standard 
daylight rates for all rooms on the second floor. 
Figure 8 is the daylight analysis map on the second 

FIGURE 6. Daylight analysis and color map in diffierent rooms on the first floor from Power BI

Figure 4 shows the actual and standard daylight rates 
for all rooms on the first floor. This analysis data can be 
visually interacted with the colored map of the room. If any 
data is viewed in Power BI, it can visually interact with 
related data, and this analysis process can greatly improve 
productivity. 

Figure 5 is a daylight analysis map on the first floor. The 
color map of daylight coefficient analysis directly reflects 
the daylight effect of each room in the building. The figure 
legend shows the fill colors within the standard values (e.g. 
When the lighting coefficient is in the range of 11.0%-
12.6%, the analysis map is shown in red.) This map was 
exported by the analysis software Dali2020, which vividly 
shows the daylight dynamics in the plane of the first floor, 
but it is not analyzed by Power BI. Because there is still 
no perfect way to analyze it in Power BI, which is also a 
problem that needs to be solved urgently. 

Figure 6 (a) shows the daylight situation of toilets on the 
first floor. As can be seen from the figure, the actual daylight 
coefficient of the toilet is 3.93%, which is the highest among 
all the rooms on the first floor. According to Figure 5, there 
is no abnormality in the lighting of this room, but according 
to “Green Building Evaluation Standard”, the standard value 
of lighting coefficient of toilets is only 1%. So the daylight 
of this room cannot satisfy the daylight requirement. 

Figure 6 (b) shows the daylight of the office on the left 
side of the stairwell on the first floor. The actual daylight 
value of this room is very low, only 0.05%, which is 
consistent with the lighting situation of the office shown in 
Figure 5. Therefore, this room must increase the daylight by 
expanding the window area or adding some facilities that 
can improve the natural lighting.

Figure 7 shows the actual and standard daylight rates 
for all rooms on the second floor. Figure 8 is the daylight 
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analysis map on the second floor. According to figure 8, 
the daylight situation of the walkway and storeroom room 
on the second floor are not very good. Combined with the 
daylight data of the walkway in Figure 9 (a)  to analysis, 
the actual daylight rate is 0.8%, and the standard daylight 
rate is 1%, so it basically meets  the daylight requirement. 
However, combined with the daylight data of the storeroom 
room in figure 9 (b), it is found that the daylight requirement 
of the room is far from meeting the daylight requirement.  

Figure 10 shows the actual and standard daylight rates 
for all rooms on the third floor. Figure 11 is the daylight 
analysis map on the third floor. According to these two 
pictures, it can be seen that the daylight situation of the third 
floor is basically the same as that on the second floor. The 
daylight value of the area near the window of the classroom 
is relatively high in a wide range, which leads to the high 
daylight value of the classroom, which is verified in figure 
12 (a). Figure 12 (b) shows the daylight factor of the office to 
the right of the toilet, which is perfect and it can be verified 
from Figure 11.

FIGURE 7. Daylight analysis statistical graph on the second floor from Power BI
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(b) daylight analysis of the storeroom on the second floor

FIGURE 8. Daylight statistics and analysis color map on the second floor from Dali2020

(a) daylight analysis of the walkway on the second floor
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(a)daylight analysis of the walkway on the second floor              (b)daylight analysis of the storeroom on the second floor 

FIGURE 9. Daylight analysis and color map in different rooms on the second floor from Power BI 

 

FIGURE 10. Daylight analysis statistical graph on the third floor from Power BI 

FIGURE 9. Daylight analysis and color map in different rooms on the second floor from Power BI
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FIGURE 10. Daylight analysis statistical graph on the third floor from Power BI

FIGURE 11. Daylight statistics and analysis color map on the third floor from Dali2020
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FIGURE 12. Daylight analysis and color map in different rooms on the third floor from Power BI 

FIGURE 13. The visual field rate was evaluated by the proportion of visual field quality in the room and the color distribution of field 
rate in the whole area

(a) daylight analysis of the stair well on the third floor (b) daylight analysis of the office on the third floor
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FIGURE 14. Daylight was evaluated by the percentage of indoor daylight mass and the daylight distribution map of the whole area
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In addition to the usual daylight calculation 
for a school building, the analysis of vision (which 
refers to the ratio of people indoors who can see the 
outdoor landscape area), the glare index (which is an 
important index to evaluate the quality of the 
lighting), and taking the classroom 2010 on the 
second floor as an example to conduct the 
comprehensive evaluation. 

Figure 13 shows that the room had a good 
outdoor view rate, and Figure 14 shows that the 
room also had a good lighting effect. In the field of 
vision, the uncomfortable situation was caused by 
the improper distribution of brightness or the 
extreme brightness contrast in space and time. 
Therefore, a simulation calculation of the dazzle 
light index of the room was performed, and the 
daylight glare index (DGI) value of the room was 
16.7 (less than the DGI limit of 25). In each index 
analysis, the daylight effect of this room was 
basically consistent with the requirement. 

The case study introduced in this 
contribution showed how data can be further 
interactively visualized beyond BIM tools. Through 
the integrated application of Power BI and BIM, 
more convenient and accurate data analysis can be 
achieved. The following problems were found in this 
case analysis: 

(1)No abnormality was found in the 
daylight statistics and analysis color map on the first 
floor, but the actual daylight coefficient was 3.93%, 
much higher than the standard value of 1%. 

Combined with the data analysis table, the 
abnormality of this data could be obviously found. 

(2)According to the daylight statistics and 
analysis color map on the second floor, it is found 
that the daylight coefficient of the walkway and the 
storeroom are low. Combined with the data analysis 
chart, it is found that the actual daylight of the 
walkway is 0.8%, basically meeting the daylight 
requirement, while the daylight coefficient of the 
storeroom is only 0.04%, far from meeting the 
requirement.  

(3)Data interaction between graphs and 
colored maps in Power BI enables fast and accurate 
positioning of analytical data. 

 

CONCLUSION 

 

The combination of Sun2020 and Dali2020 can 
comprehensively simulate the sunshine situation 
outside the building and the daylight situation of 
each room inside the building, so as to make more 
effective use of natural light. 

Finally, it is important to study the use of 
BIM light environment analysis software. It can 
output a report, but it cannot be more output file 
format. This is still not convenient for later data 
analysis. If Power BI can import different file 
formats, or the daylight statistics and analysis color 
map can export more detailed data and be analyzed 
with Power BI, then data analysis of the green 
energy savings is more effective. This is an area that 

(b) 

In addition to the usual daylight calculation for a school 
building, the analysis of vision (which refers to the ratio of 
people indoors who can see the outdoor landscape area), 
the glare index (which is an important index to evaluate the 
quality of the lighting), and taking the classroom 2010 on the 
second floor as an example to conduct the comprehensive 
evaluation.

Figure 13 shows that the room had a good outdoor view 
rate, and Figure 14 shows that the room also had a good 
lighting effect. In the field of vision, the uncomfortable 
situation was caused by the improper distribution of 
brightness or the extreme brightness contrast in space and 
time. Therefore, a simulation calculation of the dazzle light 
index of the room was performed, and the daylight glare 
index (DGI) value of the room was 16.7 (less than the DGI 
limit of 25). In each index analysis, the daylight effect of 
this room was basically consistent with the requirement.

The case study introduced in this contribution showed 
how data can be further interactively visualized beyond BIM 
tools. Through the integrated application of Power BI and 
BIM, more convenient and accurate data analysis can be 
achieved. The following problems were found in this case 
analysis:
1.	 No abnormality was found in the daylight statistics 

and analysis color map on the first floor, but the actual 
daylight coefficient was 3.93%, much higher than the 
standard value of 1%. Combined with the data analysis 
table, the abnormality of this data could be obviously 
found.

2.	 According to the daylight statistics and analysis color 
map on the second floor, it is found that the daylight 
coefficient of the walkway and the storeroom are low. 
Combined with the data analysis chart, it is found that 
the actual daylight of the walkway is 0.8%, basically 
meeting the daylight requirement, while the daylight 
coefficient of the storeroom is only 0.04%, far from 
meeting the requirement. 

3.	 Data interaction between graphs and colored maps 
in Power BI enables fast and accurate positioning of 
analytical data.

CONCLUSION

The combination of Sun2020 and Dali2020 can 
comprehensively simulate the sunshine situation outside the 
building and the daylight situation of each room inside the 
building, so as to make more effective use of natural light.

Finally, it is important to study the use of BIM light 
environment analysis software. It can output a report, but it 
cannot be more output file format. This is still not convenient 
for later data analysis. If Power BI can import different file 
formats, or the daylight statistics and analysis color map 
can export more detailed data and be analyzed with Power 
BI, then data analysis of the green energy savings is more 
effective. This is an area that green software researchers 
must focus on immediately.
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