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Abstract  Over the last few decades, reducing energy 
consumption in existing buildings became vital. Although 
architectural heritage values do not allow typical retrofit 
interventions, research and practice have demonstrated that 
heritage buildings can be energy efficient without 
compromising the building’s heritage values. This article 
shows the results of energy analysis performed on heritage 
buildings with HBIM-based simulations such as Revit, 
Insight, and Green Building Studio. These tools were used 
to study the energy performance and thermal comfort of 
Sabil Qaitbay in Cairo, a heritage building built in the 
fifteenth century, and it is currently used as a library and 
school for cinema and television. The building history and 
the conservation values of the current project were studied. 
Then, the methodology to improve the energy efficiency of 
heritage buildings using HBIM was discussed. Moreover, 
two proposals were applied to the current base case, and 
the potential energy saving for each proposed intervention 
was investigated. The simulation confirmed a possible 
reduction of 18.7% in energy consumption with the 
lowest-cost interventions and 33% with the highest-cost 
interventions. 

Keywords  Heritage Building, HBIM, Adaptive 
Reuse, Energy Efficiency, Thermal Comfort, Sabil 
Qaitbay, Simulation 

1. Introduction
In this section, the problem of energy consumption in 

heritage buildings will be identified and the importance of 
using BIM to try to solve that problem, as well as previous 
studies of using BIM to rehabilitate heritage buildings. 

1.1. Improving the Energy Efficiency of Heritage 
Buildings Using HBIM 

The world’s energy consumption and carbon emissions 
have risen with the development of technology, 
population increase, and the world’s dependence on 
energy. According to the International Energy Agency 
(IEA), from 1971 to 2014, global energy consumption 
increased by 92%. The construction sector is one of the 
most significant energy consumers globally, representing 
40% of the total global energy consumption, producing 39% 
of the world’s carbon emissions, and consuming 50% of 
the world’s electricity production. This consumption will 
double by 2050 [1], according to the Fourth Assessment 
Report. According to the Intergovernmental Panel on 
Climate Change (IPCC), the construction sector is one of 
the seven that highly contribute to global greenhouse gas 
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(GHG) emissions. According to the United Nations 
Environment Program (UNEP), the emissions of harmful 
gases will double in the next twenty years unless 
measures are taken to reduce those emissions [2]. 
Therefore, according to the Paris Climate Agreement 
(COP 21), buildings’ energy consumption must be 
reduced by 30% by 2025 to adapt to climate changes and 
maintain current temperatures [3]. 

Furthermore, since the group of buildings in any 
country falls under two types: heritage buildings and 
modern buildings, and since heritage buildings have 
importance and value concerning tangible and intangible 
heritage, such as outstanding architectural and aesthetic 
values, correlating with societies and historical events, 
and evidence of technical development [4]. Heritage 
structures with unique qualities and natural history are 
subjected to several natural and human challenges 
throughout time, which causes degradation. According to 
a recent study, 60 to 80 percent of the world's 
architectural heritage will be lost by the year 2100 due to 
the degradation of more than 20 percent of heritage 
buildings in the past three decades alone [5]. As a result, 
dealing with heritage buildings requires different 
strategies than dealing with other conventional structures. 
As an example, restoration in cases of degradation, 
reconstruction in cases of demolished buildings, 
maintenance in cases of treatment and preservation, 
rehabilitation in cases of qualification for a functional role 
compatible with its nature, and preparation in cases of 
qualification for these situations [6,7]. 

Respecting the properties of every historic building, 
district, or city is an essential part that to fulfill the benefit 
from the community with full respect to the 
environmental context, as the operation of adaptive reuse 
cannot exclude the community, this adaptive thinking 

needs decision assistance in order to control the complex 
interventions related to adaptive reuse [8,9]. In addition to 
their large energy consumption when reused due to their 
age and type of materials used in their construction and 
the absence of periodic maintenance operations for them 
and because of the poor efficiency of the energy systems 
that supply the building and the great lack of information, 
which in turn led to the failure to update the databases to 
provide data that helps to make decisions regarding the 
building [10], these buildings must be preserved, and their 
values should not be compromised when reused. Also, 
strategies should be developed to overcome their 
increasing energy demand, achieve energy efficiency, and 
reduce harmful carbon emissions without compromising 
their historical architectural values. 

In addition, the integration of Building Information 
Modelling (BIM) and energy assessment tools could 
significantly contribute to selecting proper materials and 
components with a lower impact on the total energy 
consumption of buildings [11]. This research aimed to 
develop Sabil Qaitbay Building Performance Analysis 
(BPA) using Autodesk Revit and Insight 360 to predict its 
energy performance and outline potential energy 
improvements without compromising the heritage values 
of the building. 

1.2. Levels of Heritage Building Retrofitting 

Energy-efficient retrofitting levels presented in the 
following table stated by Ahmed and Asef in their 
research in 2020 [12] and were developed by the Building 
Services Research and Information Association- BSRIA 
in 1988 [13] and the Building Research- BRE in 2000 
[14]. 

Table 1.  Levels of heritage building retrofitting 

Levels of heritage building retrofitting 

Level Degree of intervention on the building Energy Savings 
Ratio Applicable to heritage buildings 

standard retrofit 
Updating a building element, such as lighting 
improvements, adaptation, and elevators. without 
changing negative systems or the building's cover 

21% can be applied 

deep retrofit Change the energy consuming element of the building, 
insulation, negative processors 40% It can be applied without affecting 

the building's heritage values 

whole retrofit 

Includes substantial modifications to the building plan 
or changing the envelope of the building's and changing 
its systems, use of renewable energy sources, transfer of 
the building's batteries, infrastructure changes 

93% cannot be applied 

staged retrofit 
The use of one of the previous levels involves the 
rehabilitation of the building's energy but phased in 
either part of the building or the entire building 

based on level of 
retrofitting 

It can be applied through the 
standard and deep level so as not 
to affect the building's heritage 
values 

Source: Authors, according to references No. [12-14] 
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1.3. Strategies for Energy-saving Retrofits for Heritage 
Buildings 

Several researchers have discussed retrofitting 
strategies for energy-efficient buildings, including Ma, 
Ledo, Daly, and Cooper in 2012 [15] and Hyde, 
Groenhout, Barram and Yeang in 2015 [16] and Galatioto, 
Ciulla and Ricciu in 2017 [17]. Based on each research, 
the table 2 presents strategies for energy- saving retrofits 
for heritage buildings. 

1.4. Case Studies and Precedent Analysis to Improve 
the Energy Efficiency of Heritage Buildings Using 
HBIM 

In this section, two heritage buildings have been reused 
after improving their energy and investigated by other 
researchers. This analysis aimed to figure out a 
methodology to improve the energy efficiency of heritage 
buildings using HBIM. 

A typical example is Waaghaus in Bolzano. The 
building was used until 1780 for commercial purposes 
entirely until it was converted into a residence, and only 

the ground floor was used for business. By the 1990s, the 
house was no longer used. In 2009, it was used for 
cultural purposes. After its retrofitting, it became an 
exhibition for photography. An entire building survey was 
conducted and documented using HBIM, after which 
Energy Plus was used to evaluate different strategies. First, 
the condition of the building’s outer envelope was studied, 
including walls, ceilings, and openings, as shown in 
Figure 1. The building’s energy was simulated, and the 
possible retrofitting strategies were identified as follows: 
Internal insulation was used in some parts of the building, 
which was removable without affecting the original wall 
(Capillary active insulation), increasing the thickness of 
the insulating layer for the roof to be 25 cm thickness, 
adding 12 cm of perlite in paving floors, developing a 
double window with a single window for the exterior that 
met the preservation of the heritage values of the building 
and an interior double or triple glazed window that 
achieved more significant energy efficiency as shown in 
Figure 2. Energy demand was reduced by more than 50%, 
20% by retrofitting windows, and 55% by other strategies 
[18]. 

Table 2.  Strategies for energy- saving retrofits for heritage buildings 

strategies for energy- saving retrofits for heritage buildings source 

source control 
Using renewable energy sources 

-Wind Energy 
-solar energy 
-Hydropower 

Ma, Ledo, Daly, and 
Cooper 

using low-carbon fuel 

demand control 

Improve the outer shell of the building 
-using insulation in the outer shell 
-External orifice treatment 
-Shading of the building 

Improving energy consumption systems 
effectiveness 

-Electrical systems (lighting) 
-Mechanical systems (cooling, 
heating and ventilation systems) 
-Efficiency of electrical equipment 
(elevators, electrical appliances) 
-Utilizing controllers 
-Use of sensor systems (motion, 
lighting, temperature) 

Improving user behavior 

limit demand 
-Develop building energy management plans 
-utilising it to manage the electrical energy's waste components 

Hyde, Groenhout, 
Barram, and Yeang using sustainable energy sources 

Improving user 
behavior Controlling the behavior of building occupants 

Source: Authors, according to references No. [15-17] 
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Source: Tori A. and Bastian Z., "Energy Efficiency Solutions for Historic Buildings: handbook",1st ed, Birkhäuser Verlag GmbH, 2015 

Figure 1.  building’s outer envelope studies using HBIM  

 

 

Source: Tori A. and Bastian Z., "Energy Efficiency Solutions for Historic Buildings: handbook",1st ed, Birkhäuser Verlag GmbH, 2015 

Figure 2.  building’s windows retrofitting 

 
The second example is Palazzina Della Viola in 

Giovanni II Bentivoglio, built as a hunting headquarters 
and is currently used as the headquarters of the 
International Relations Department of the University of 
Bologna. Roof structures and thermal bridges were 
examined using infrared rays, as shown in Figure 3. The 
building’s energy was simulated, and the possible 
retrofitting strategies were identified as follows: 

Concerning the iron frame windows, the intervention was 
to install an additional film to protect them from the sun’s 
rays, while the wooden framed windows were restored. 
Additional double-glazed panels were installed, and a 
WSN system was installed that produced maps of the 
temperature and relative humidity of the building as 
shown in Figure 4. Energy demand was reduced by more 
than 40% [18]. 
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Source: Tori A. and Bastian Z., "Energy Efficiency Solutions for Historic Buildings: handbook",1st ed, Birkhäuser Verlag GmbH, 2015 

Figure 3.  Roof structures and thermal bridges examined by infrared rays 

 

Source: Tori A. and Bastian Z., "Energy Efficiency Solutions for Historic Buildings: handbook",1st ed, Birkhäuser Verlag GmbH, Basel, 2015 

Figure 4.  Air temperature and relative humidity maps from WSN system 

 

2. Materials and Methods 
Retrofitting heritage buildings requires a 

multidisciplinary approach in which a method must be 

taken that considers both heritage buildings’ values and 
energy savings for better solutions. Figure 5 shows the 
steps followed in this study. 

 



430  Methodology to Improve Energy Efficiency of Heritage Buildings Using HBIM-Sabil Qaitbay: A Case Study from Egypt  
 

 

Source: Authors 

Figure 5.  Methodology to Improve Energy Efficiency of Heritage Buildings Using HBIM 
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3. Building Information 
Modeling-existing Condition Model 
of Sabil Qaitbay in Cairo 

Sabil Qaitbay was established in 884 / 1479 on Saliba 
Street, close to Salah al-Din Square, west of the Citadel in 
Cairo, and registered with the trace number 324 [19]. The 
sabil was restored and reopened in 2000 when a decision 
was issued to transform it into a center for Islamic 
civilization, concerned with the acquisition and 
documentation of intellectual productions related to the 
Arab Islamic civilization in the fields of science, literature, 
arts, and architecture [20]. 

3.1 Description of General Floor Plans 

The current building consists of three floors. The 
ground floor is a tourist attraction for Sultan Qaitbay’s 
Sabil as shown in figure 6. The first floor contains the 
children’s hall and a hall for seminars held by the library, 
and there is a headquarters for the Film and Television 
School as shown in figure 7. The second floor contains 
two halls for the library for viewing and research as 
shown in figure 8. Figures (9-10) show the building’s 
elevations, 3D shots, and sections (the building simulation 
output). 

 

(a). ground floor plan 
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(b). spaces and zones 

Source: authors (the output from the building simulation) 

Figure 6.  ground floor plan 

 

(a). first floor plan 
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(b). spaces and zones 

Source: authors (the output from the building simulation) 

Figure 7.  first floor plan 

 

(a). second floor plan 
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(b). spaces and zones 

Source: authors (the output from the building simulation) 

Figure 8.  second floor plan 

 

(a). Northeast façade                     (b). Northwest facade 

Source: authors (the output from the building simulation) 

Figure 9.  building's elevations 
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a). 3D models 

 

(b). 3D section 

Source: authors (the output from the building simulation) 

Figure 10.  3D shots and sections 

3.2. Energy Settings and Specific Input Data 

The base energy model was configured considering the 
standard and specific proposal parameters. Typical 
conditions and accurate assumptions were used for setting 
the areas or elements. 

3.2.1. General Settings 
The location was configured according to the real 

conditions. The project was implanted in the space of land 
conceived in Cairo. Moreover, the weather station 
selected was Cairo Intel Airport. According to Revit 
(2020), this station was positioned at a latitude of 29.8667° 
and a longitude of 31.3333° (Figure 11). 

3.3. Energy Model Generated in Revit 

Based on the inputs provided by Revit, such as the 
location, weather, and thermal properties, the energy 
model was generated to be simulated by Insight, as shown 
in Figure 12. 

3.3.1. Analytical Assessment: Solar Analysis and Heat 
Gain with Revit Insight 

The cumulative insolation was analyzed in all building 
facades considering all weather seasons and testing only 
the window areas. The following figures show heat gain 
analysis, where the yellow parts are the walls that directly 
face the sunlight and the purple parts are the walls that are 
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least directed toward the sunlight with solar energy. 
In the summer, there was a high solar irradiance over 

the building. According to the Revit solar analysis, the 
maximum amount of energy was 6829 Wh/m2, with a 
minimum of 0 Wh/m2. However, Figure 13 shows the heat 
gain analysis in the Northeast and Northwest facades in 
the summer, and Figure 14 shows the heat gain analysis in 
Southeast and Southwest facades in the summer. 

The winter analysis demonstrated an entirely different 
solar influence on the building. First, the maximum 

energy received by the window surfaces was more than 
half of the energy received during the summer. The 
concentrated exposure in glass areas was about 2047 
Wh/m2. 

In contrast, the Southeast and Southwest facades 
received energy during the winter more than during the 
summer. Figure 15 shows the heat gain analysis in the 
Northeast and Northwest facades in the winter, and Figure 
16 shows the heat gain analysis in Southeast and 
Southwest facades in the winter.

 

 

Source: authors (Revit 2020) 

Figure 11.  Location and whether the selection 
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Source: authors (the output from the building simulation) 

Figure 12.  Location and whether the selection 

 

Source: authors (the output from the building simulation) 

Figure 13.  Heat gain analysis in Northeast and Northwest facades in summer season 
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Source: authors (the output from the building simulation) 

Figure 14.  Heat gain analysis in Southeast and Southwest facades in summer season 

 

Source: authors (the output from the building simulation) 

Figure 15.  Heat gain analysis in Northeast and Northwest facades in winter season 
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Source: authors (the output from the building simulation) 

Figure 16.  Heat gain analysis in Southeast and Southwest facades in winter season 

 

Source: authors (the output from the building simulation) 

Figure 17.  Heat gain analysis in Northeast and Northwest facades in spring season 
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Source: authors (the output from the building simulation) 

Figure 18.  Heat gain analysis in Southeast and Southwest facades in spring season 

 

 

Source: authors (the output from the building simulation) 

Figure 19.  Heat gain analysis in Northeast and Northwest facades in fall season 
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Source: authors (the output from the building simulation 

Figure 20.  heat gain analysis in Southeast and Southwest facades in fall season 

The following solar analysis was carried out in spring. 
The performance of solar insolation on this day showed 
that the building received more energy in comparison to 
the winter and less energy on average in summer because 
the maximum energy on surfaces was 5545 Wh/m2 with a 
minimum of 0 Wh/m2. Figure 17 shows the heat gain 
analysis in the Northeast and Northwest facades in the 
spring, and Figure 18 shows the heat gain analysis in the 
Southeast and Southwest facades in the spring. 

The last solar analysis was performed in the fall. The 
performance of solar insolation on this day revealed that 
the building received more energy on average in 
comparison to the spring and less energy on average in 
comparison to the summer because the maximum energy 
on surfaces was 4791 Wh/m2 with a minimum of 0 Wh/m2. 
Figure 19 shows the heat gain analysis in the Northeast 
and Northwest facades in the fall, and Figure 20 shows 
the heat gain analysis in the Southeast and Southwest 
facades in the fall. 

 
 
 

3.3.2. Analytical Assessment: Daylight Analysis with 
Revit Insight 

The second point of solar analysis was made using the 
lighting tool to understand the impact of the window area 
on the amount of daylight and solar irradiance in rooms 
because the building used weak and dilapidated industrial 
lighting systems. Daylight outcomes showed the amount 
of light in spaces during days near the summer, which was 
the period with more solar irradiance according to the 
previous study. Finally, the calculation was performed 
considering two hours on two different days. The first was 
on July 19 at 9:00 am, and the second was on July 27 at 
3:00 pm. 

Figure 21 compares the results of daylighting on the 
ground floor. Maximum exposure was during the 
afternoon. The administration room, lobby, and entrance 
had a significant amount of illuminance during the 
afternoon with more than 2000 lx. Moreover, sabil rooms 
preserved their illuminance during the periods explained 
before, suggesting that the glazing area for these spaces 
was big enough to supply the required solar illuminance. 
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(a). Daylight Illuminance on 19 July at 9:00 am          (b). Daylight Illuminance on 27 July at 3:00 pm 

Source: author (the output from the building simulation) 

Figure 21.  Daylight Illuminance – ground floor 

 

(a). Daylight Illuminance on 19 July at 9:00 am                (b). Daylight Illuminance on 27 July at 3:00 pm 

Source: author (the output from the building simulation) 

Figure 22.  Daylight Illuminance – first floor 

 
Figure 22 compares the results of daylighting on the 

first floor. Activity halls had an outstanding amount of 
illuminance during the afternoon with more than 2000 lx. 
Moreover, the Arab School for Cinema and Television 
room and lobby preserved its illuminance during the 
periods explained before, suggesting that the glazing area 
for these spaces was not big enough to supply the required 
solar illuminance. 

Figure 23 compares the results of daylighting on the 
second floor. Maximum exposure was during the 
afternoon. The digital library room had significant 
illuminance during the afternoon with more than 2000 lx. 
Moreover, the first library room and administration room 
preserved their illuminance during the periods explained 
before, which seemed that the glazing area for this space 

was big enough to supply the required solar illuminance. 
However, the glazing areas for the second room and lobby 
seemed not big enough to supply the required solar 
illuminance, as shown in Figure 24. 

Table 3 shows the graphic summary of the general 
results per section floor. Also, after the lighting analysis, it 
was clear that almost all floors required to be modified or 
intervened to improve the incidence of illuminance. 

3.4. Energy Model Generated in Revit Insight-360 

Based on the inputs provided by Revit, such as the 
location, weather, and thermal properties, the energy 
model was generated in the form of base color codes for 
different components to be simulated by Insight, as shown 
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in Figure 25. 

3.4.1. Energy Consumption Scenarios for Revit Insight- 
360 

Two scenarios were applied to retrofitting the building. 
The first was with the lowest possible costs through WWR, 
window shades, glass, roof, wall construction, lighting 

efficiency, operating schedule, and HVAC. The second 
was expensive but more efficient in enhancing energy 
efficiency through PV panels and controls. Figure 26 
shows the building’s energy consumption when each 
modification was applied within the different scenarios 
without violating the building’s heritage values. 

 

 

(a). Daylight Illuminance on 19 July at 9:00 am            (b). Daylight Illuminance on 27 July at 3:00 pm 

Source: author (the output from the building simulation) 

Figure 23.  Daylight Illuminance – second floor 

Table 3.  Daylight Illuminance - 3D floor section views 

Ground floor First floor 

19 July at 9:00 am 27 July at 3:00 pm 19 July at 9:00 am 27 July at 3:00 pm 

    

 Second floor  

 19 July at 9:00 am 27 July at 3:00 pm  

 
 

  

 
 
 
 
 
 
 
 
 

Source: authors (the output from the building simulation) 
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(a). First library room                  (b). Second library room 

Source: author (the output from the building simulation) 

Figure 24.  Daylight Illuminance in library rooms 

  

 

Source: authors (Revit Insight -360) 

Figure 25.  Energy model 
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Source: author 

Figure 26.  building’s energy consumption for each of the different scenarios 

 

4. Results and Discussion 
The following table demonstrates the proposals for 

adaptive reuse considering energy efficiency. It shows the 

existing conditions of all architectural and construction 
elements of the building, the proposed conditions that 
could be applied to the building, and the total energy 
consumption after its application. 
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Table 4.  proposals for adaptive reuse with consideration of energy efficiency. 

Efficiency factor current conditions proposed condition 

 
Efficiency factor achieved 

through window shades 

Shades can 
reduce HVAC 

energy use. The 
impact depends 
on other factors, 
such as window 
size and solar 

heat gain 
properties 

Western 
walls 

 
Metal grilles and wooden panels 

covering some parts of the 
windows on the west facade 

 
wood panels on the west facade 

can be increased to cover half the 
height of the windows 

Efficiency factors 
achieved through roof 

construction 

 

Represents the overall ability 
of roof constructions to resist 

heat losses and gains 

 
There are no thermal insulation 

layers on the roof of the building 

 
An insulating layer with a thermal 

resistance of 60 can be used 
because the roof floor is a 

non-heritage 

 
Efficiency factors 

achieved through lighting 
efficiency 

Represents the average 
internal heat gain and power 

consumption of electric 
lighting per unit floor area 

 
The lighting systems are used in 

the building in poor condition and 
with low efficiency 

 
We can use high-efficiency 

lighting systems with a lighting 
efficiency of 3.23 W/m2 

Energy consumption 

 
The energy consumption of the 

base case model is 214 
KW/h/m2/yr 

 
Energy consumption after 

retrofitting is 174 KW/h/m2/yr 
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Table 4.  Continued 

Additional retrofitting strategies 

Some retrofitting strategies can be applied to the building, such as using 
daylighting and occupancy controls, reducing plug load, and using PV 
panels, but they increase the cost, so they are additional retrofitting 
strategies 

Efficiency factor achieved 
through daylighting and 

occupancy controls 

 

Represents typical daylight 
dimming and occupancy 

sensor systems 

 
No controls are used in the 
building 

 
Using daylighting and occupancy 

controls reduces the energy 
consumption of the building by 
approximately 9 KW/h/m2/yr 

Efficiency factor achieved 
through photo voltaic 

options 

 

PV- panel efficiency 
The percentage of the sun’s 
energy will be converted to 

AC energy. Higher 
efficiency panels cost more 
but produce more energy for 

the same surface area 
 

No PV panels are used in the 
building 

 
We can use PV panels with high 

efficiency of about 20.4% 

PV- payback limit 
Use the payback period to 

define which surfaces will be 
used for the PV system. 
Surfaces with shading or 

poor solar orientation may 
be excluded 

 
No PV panels are used in the 
building 

 
We can use PV panels with a 

payback period of about 30 years 

PV- surface coverage 
Defines how much roof area 
can be used for PV panels, 

assuming an area for 
maintenance access, rooftop 

equipment, and system 
infrastructure 

 
No PV panels are used in the 

building 

 
PV panels can be used in areas not 

visible from the roof of the 
building next to the staircase by 0 - 

60% of the roof area 
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Table 4.  Continued 

Energy consumption 

 
The energy consumption of the 

first scenario is 174 KW/h/m2/yr 

 
The energy consumption of the 

second scenario is 149 
KW/h/m2/yr 

Source: author (Revit Insight -360) 

 
5. Conclusions 

The current study demonstrated how applying specific 
actions for energy retrofits of existing buildings can 
decrease annual energy demand without compromising the 
aesthetics, architectural and historical values of a heritage 
building. To conclude, retrofitting strategies such as adding 
window shades reduced energy demand by an average of 
1.5%. Improving lighting efficiency led to a 12% reduction 
in energy load. Additionally, using suitable insulation 
materials in the roof led to annual energy system demand 
reductions of 6%. However, daylighting, occupancy 
controls, and PV panels reduced energy demand in the 
study sample by an average of 4.2% and 7.4%, 
respectively. 

During the retrofitting of heritage buildings, there must 
be compromises between economic impact, thermal 
comfort, and preservation of the architectural and historical 
values of the building, which can be achieved with the help 
of HBIM. The simulation showed several scenarios to 
choose the best scenario according to the condition of the 
building and the required economic level. 
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