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ABSTRACT: In this study, the contribution of Revit software and its feature (Insight 360) to improve the buildings 

thermal performance is examined. The peak load for both cooling and heating has been determined to be 1.3, 0.4 

MWh. BIM technology is used to investigate the possibility of improving an existing building. The results provide 

some options of enhancements. For instance, replacing a double glass window by triple glass leads to reducing 

the annular energy demand and its cost around 6%. While utilizing the ASHRAE high-efficiency heat pump 

instead of the current system leads to reduce energy consumption and cost by 24% and 25% respectively. 

Furthermore, adding all options in one scenario can construct green buildings. In Summary, the Revit software is 

suitable for buildings analysis such as dynamic analysis, good options to enhance the building's performance, and 

provides the economic benefits for improving any case. 

KEYWORDS: Building thermal performance, Sustainable building, Revit software, Cooling and heating analysis, 

Cost analysis.  s 

INTRODUCTION 

The concern of climate change has been rising around the world due to the consequent impacts of growing energy 

consumption. The energy consumption by the buildings is more than 40% energy demand internationally and 

subsequently 36% of CO2 emission [1]. Also, 80% of carbon emissions in Europe come from urban areas like 

buildings, industries, and transports [2]. Improving the thermal performance of the buildings is an option to reduce 

energy consumption and achieve sustainable buildings. Sustainability has become an essential aspect of real estate 

and has been integrated into the design, construction, and operation of buildings [3]. To get that goal, the first step 

is finding a new way that can provide a comprehensive analysis of the building. Traditional analyses depend 

mostly on hand calculations, spreadsheets, based building codes, and national annexes decided by legislation [4]. 

Moreover, these analyses do not give the designers required flexibility to manage all analyses as perfectly as they 

wish. 

Although, dynamic simulation software has been released since 19th decades, but practically these tools are still 

not widely used because of difficulties of input required data manually. Building Information Modeling (BIM) 

has been considered as an influential tool for building performance analysis [5]. Indeed, it uses three-dimensional, 

real-time, and dynamic building modeling software to increase accuracy and productivity [6]. Hence, it can be the 

solution to overcome these difficulties and makes the input data more efficient and the existing data more reusable. 

Furthermore, performing the thermal performance analyses based on BIM data make them more reliable in various 

stages of the building process [7]. By leveraging existing data from the BIM, energy models can be generated 

more quickly, and the use of multiple analysis tools is more practical [8]. 

Diverse software that depends on BIM as a source of data in their calculations is available these days. For instance 

DEROB-LHT, Clim2000, Autodesk Revit MEP (mechanical and plumping), Energy Plus, TRNSYS, Energy 

conservation building code (ECBC) [19], and many more [9-20]. The integration of the BIM concept into the 

design stage can be used to achieve the best green building designs and reduce the need for later design 

modifications that Prolong the time and increase the cost [5]. 3D model of the building can be considered an 

important benefit of such analysis.  In addition to the 3D representation, its efficiency, pace, flexibility, design 

options, can lead to control the cost and emission [21, 22]. 

mailto:raaidaldoury@tu.edu.iq


Opportunity of Improving the Thermal Performance of a High-performance University Building Based on Revit Software  

498 
 

A few years later, Pan et al. investigated how to use the EnergyPlus to construct a model to accurately simulate 

complex building systems as well as the interrelationships among sun-systems such as HVAC (Heating, 

ventilation, and air conditioning), lighting and domestic hot water [23]. They made a comparison between the 

annual energy consumption result of EnergyPlus and ASHRAE 90.1 base model. The simulation results show that 

the electricity consumption and annual cost reduced by 4.7% and 7.75% respectively, whereas gas consumption 

increases 6.7% relative to the ASHRAE model. By using the same software, Pana et al. also performed a large 

building [24]. They proved that EnergyPlus is capable of simulating the combination of multiple systems for one 

building and it allows the analyzer to define the components in great detail, so as that most of the aspects of the 

design can be represented by the models. Moreover, it is very flexible and easy to switch between different 

seasonal states of the systems using schedules definition. In 2011 Chantrelle et al presented a new multicriteria 

tool (MultiOpt) that can be used to optimize the renovation buildings [18].  

They used a genetic algorithm (NSGA-II) coupled to TRNSYS, economic and environmental databases. The case 

study of the article was a school in the southern of Nice, France. The results showed the fitting of MultiOpt to be 

used to compare various collections of options and limitations. Simultaneously Leake developed a set instructional 

model to illustrate BIM-based methods of building energy analysis and simulation [8]. Autodesk Revit 

Architecture was used to create a building information model based on a residential dwelling building. The 

relevant data from the building information model was exported to two tools, Autodesk Ecotect and 

DesignBbuilder. The first tool provided the weather, heating, cooling loads and heat loss information, whereas 

the DesignBuilder was used to evaluate the effect of adding diverse energy conservation measures (ECMs). 

Moreover, the two programs were used to explain the effect of both orientation and passive solar design elements. 

Simulation results showed that there was 15% difference in annual heating and cooling estimations between the 

best and the worst cases of passive solar strategies. Furthermore, DesignBuilder ECM study indicate that a total 

energy savings of 21% can be achieved cost-effectively compared to a baseline design, for a 10-year time horizon. 

After that, Burhenne et al. investigated the application of a modeling language (Modelica) for typical building 

performance simulation (BPS) problems [25]. He found that Modelica is a very flexible modeling language and 

suits for most tasks in common BSP practice. However, extending and developing models requires a basic 

understanding of Differential algebraic equations (DAE) systems and solvers for these systems otherwise models 

might be developed that contain numerical instabilities. Hence, the better flexibility of Modelica comes at the cost 

that modelers have to take care about things that they do not have to take care about when using traditional 

monolithic BPS programs. In the same year, Martin explained how Building Information Modeling would be 

useful in Energy analysis of constructions in Ireland/Europe with a result of reducing the CO2 emission at the 

conceptual stage of design [12]. He used Revit software 2009 to export IBM details in order to use them in 

Autodesk Ecotect and Autodesk Green Building studio to implement his duty on a National Primary School 

“Sonna National School”. He concluded that using BIM would be useful for all improving the building's 

performances, investors, governments. 

Credibility of those software has been targeted by many other researchers such as Wong and Fan who examined 

the contribution of BIM to design the sustainable building [26]. Design optimization and integrated project 

delivery were the most important advantages of BIM as he concluded. Furthermore, reduction in energy demand 

can be achieved by the BIM model. However, he thought it is early to adopt BIM in sustainable design buildings. 

Also, In order to find possible opportunities that lead to decrease the energy consumption in Turkey, Akdemir 

analyzed an existing building [27]. The building is Izmir Institute of Technology (IZTECH). He used EDSL-TAS 

energy simulation software package to perform dynamic energy analysis of the building. Simultaneously exergy 

analysis is applied dynamically for the same purpose. The analyses are applied to states before and after the 

building renovation. The results revealed that energy building performance and its climatic comfort have been 

increased seriously. Furthermore, the building demand energy loads decreased by 69.42% in the winter, while its 

reduction percentage in summer was to 34.4%. Three systems were examined, and their exergy efficiencies ranges 

were 2-14%, 4-18%, 8-21%, for existing HVAC, air source heat pump, and ground source heat pump (GSHP), 

respectively. 
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For the same reason, Shoubi aimed to identify sustainable designs that can improve the thermal performance of 

buildings by applying the BIM applications to single residential house in Johor, Malaysia [5]. Revit Architecture 

2012 and Autodesk Ecotect software were applied to get the best alternative materials that lead to achieving the 

best performance of the building. They inferred that using BIM in different stages of buildings can achieve many 

benefits best design and best materials that cause reducing energy consumption and consequent pollution are a 

summary of that. Also, they concluded that the contribution between BIM planners and architects in pre-design 

staged is the best step to get sustainable buildings. Lastly, they proposed some alternative materials that can 

improve the building's performance. Mustafaraj et al. presented a methodology that starts with calibration and 

continues with required action for improving the hourly electricity consumption related to water to a water heat 

pump [28]. He used EnergyPlus to calculate the hourly and monthly heat pump electricity consumption, heat 

pump heat releases, building total electricity consumption, natural gas consumption and indoor temperatures. All 

of those values are compared with the real measured data. He found the electricity consumption can be reduced 

to (20%-27%) on monthly bases.  

Moreover, Echenagucia et al. proposed an interactive approach for the early stages of building design to get 

comprehensive information on buildings performance configurations [29]. A multi-objective search performed on 

an open space office building in four positions Palermo, Torino, Frankfurt, and Oslo. The analysis was performed 

through the implementation of the NSGA-II algorithm, which can be linked with the EnergyPlus simulation tool. 

The aim of the study was achieved to minimize the energy that needs for heating, cooling, and lighting of a case 

study. Results confirmed the fundamental role that the window arrangements have in the energy efficiency and 

the importance of not disregarding the influence of the external environment. Pareto front shapes for all climates 

shared overall similarities. In the sub-urban study, a high level of contrast between heating and cooling 

requirements, as well as between lighting and cooling requirements was observed in all locations. On the contrary, 

a very low level of contrast between heating and lighting was found. Results suggest that the optimization process 

was particularly sensitive to internal gains due to artificial lighting. Also, In 2015 examined the validity of IDA 

Indoor Climate and Energy (IDA-ICE) software for the glazed space by comparing its simulation results with 

experimentally measured data [30]. The measure data were from two flats in Tamper, Finland. The results proved 

that uncertainty of the input data such as ventilation, external shadings, and building supply air flowrate can cause 

an essential divergence between simulation results and measured data.  

Again for validity reason, Gedso and Petersen wanted to check the validity of software application results, so they 

examined the efficiency of using some software applications based on BIM tools on determining the heating and 

cooling loads of the buildings [31].  In other words, they investigated if such applications are accurate enough to 

be applied in such a field based on Norwegian standards. They used NS-EN 12831 as a reference in addition to 

Revit MEP, MagiCAD Comfort and Energy and IDA ICE [32, 30]. They educed that the developments of the 

application are in the correct stream however there is some limitation about their accuracy. Furthermore, the 

results might include essential errors unless the users of the applications are experts in such calculations. 

Moreover, Shivsharan presented a study aimed to perform an energy analysis of a residential building based on 

Autodesk BIM capabilities in order to assess the contribution of BIM to achieve sustainability in buildings [33,34]. 

He concluded that Revit Architecture simplified such complicated analyses like daylight, solar access and so on. 

Moreover, organizing all details like weather data, costs, CO2 emission, materials, and conditioning systems and 

adding them to the Revit Architecture makes this technology far more than accessible than before, providing easy 

access to tools that give quick feedback on green design alternatives.  

In 2017 The conventional building performance was analyzed using Autodesk Revit by Abhinaya et al which 

included diverse variables such as energy use intensity, lifecycle energy use/cost, annual carbon emissions, 

monthly heating and cooling loads, monthly peak demand, monthly electricity, and fuel consumption [35]. The 

researchers concluded that BIM has proved to be efficient in achieving sustainability with earlier decision making 

and rectification of errors. In 2018, an article presented by Al-Saeed and Ahmed that focused on reviewing, 

investigating and establishing a standard for nearly Zero Energy Building (nZEB) in MENA region [36]. After 

that, Elnabawi explored the accuracy results of two software which they Autodesk Revit and DesignBuilder based 

on actual building information [37]. Moreover, a traditional Xindian Central Public Retail Market was analyzed 

using green building information modeling (BIM) simulation by Pao-Hung et al [38]. The analysis was done by 
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the software package Integrated Environmental Solutions Virtual Environment (IES VE) to achieve the best 

energy efficiency and comfort level of the market. The outcomes showed that the DesignBuilder simulated data 

was close to actual data for the electricity consumption than the Revit however both programs were very close to 

the actual measured data.  

A study was presented by Jin et al.  performed a holistic review consisting of a bibliometric analysis of existing 

literature, content analysis of selected studies, as well as follow-up qualitative discussion in BIM integration with 

BPA to investigate the current state of research in the adoption of BIM in BPA [39]. After that, a framework 

proposed by Mohammed et al based on different parameters to enable designers by utilizing standard procedures 

and software to empower the process of sustainable energy use and management buildings [40]. A year later, an 

alternative approach of modeling variable airflow parallel fan-powered terminal units (FPTUS) points in 

EnergyPlus using Energy Management System (EMS) and user-defined modules was provided by Sardoueinasab 

et al. to demonstrate the feasibility of integrating the model of VA parallel FPTUs with the rest of HVAC system 

[41]. The results showed that although VA parallel FPTUs have great potential in saving terminal unit fan energy, 

the selection of VA units over CA units alone does not guarantee net energy savings. Amani and Reza were 

investigated who the BIM technology help the investors and buildings owners to estimate the energy demand of 

the buildings [42]. Revit Autodesk was used in achieving the results. The results showed that around 58% of 

energy and 51% of its cost can be saved in one part of their real case study.  

The main purpose of this context is to demonstrate the contribution of the 3D BIM model in sustainable building 

design by using BIM technology based on the Revit MEP software version 2017. A high performance existing 

complicated building will be the case study of this article. A new feature (sight 360) in Revit software is exploited 

to get available options to develop the performance of the building and making the building more sustainable. The 

options applicability will be discussed extensively in this context as well. 

BUILDING AND CONDITIONING SYSTEM DESCRIPTION 

The building that is examined is a SCOLA building one of Ozyegin university buildings. This building has been 

constructed in 2013 as a part of the European Union 7th Frame program NEED4B project. It has been designed 

to be one of the buildings that have least energy consumption in Turkey. The building has 6 floors (2 underground 

and 4 on ground), 291 rooms (includes offices, classrooms, mechanical and electrical rooms, stairs, corridors, 

managers rooms, washing rooms, cinemas and conference rooms). The total floor area equals to 17250 m2, while 

the net conditioned area is 15093 m2. The building consists 6600 m2 of insulated external wall with U=0.4 W/m2K, 

3560 m2 of insulated roof with U=0.6 W/m2K, 40% of them are underground, 1350 m2 of double glass Aluminum 

with thermal break frame windows (U= 4.2 W/m2K), 1500 m2 double glass curtain wall (U=1.3 W/m2K), and 93 

m2 external doors (3.5 W/m2K). The underground floors are conditioned by underground heat exchanger, while 

hot water that is provided by a boiler of 2200 kW and four pipe fan coils (420) are adopted to heat the rest floors. 

The floors above ground are ventilated naturally; however, there is a mechanical exhaust system. The conditioning 

system that is used in the building involves the natural gas boiler (2200 kW), electrical chiller (2000 kW), 

distribution network (pipes) and four pipes fan coils. 

METHODOLOGY 

In order to complete the model, the total information of the building should be collected which includes the 

building position, its orientation, and detail of walls, roof, floor, windows, and curtain walls. All space types in 

the model that need to be conditioned or they are just plenums are specified. Everything related to conditioning is 

specified according to the type of space such as internal load by occupancies, lights, and appliances, conditioning 

systems (Heating and cooling), room temperature, climate temperature, and U-overall of whole building 

components. All those values can be changed easily in the model. Furthermore, the conditioning devices (Heating 

and cooling) should be determined in the model to calculate the amount of fuel and its CO2 emission based on the 

energy source types. All data that needed to be used in the 3D model is taken from the building and its conditioning 

system in the previous section. Figure 1 explains the 3D model of the building that is built based on the building 

information. It can be remarked that the orientation of the building relative to Sun direction which is identical to 

its real orientation and that leads to more accurate results.  
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Figure 1. The 3D Revit model and its orientation 

Revit model 

Collected data that required completing the calculation is represented in a 3D Revit 2017 model.  This model 

makes the building components touchable, and it looks real, and that is helpful for designers and costumers putting 

their planning in the best way. All layers of walls, roof, and floors can be added to be identical with the building 

information in order to get the best results. Simultaneously, the types of windows glass, its frame, and curtains 

details, can be chosen to be close to real items. The location of building and its orientation that is presented in the 

model gives users ideas related to shades, maintenance, and landscapes. It becomes easy to determine the peak 

load of cooling and heating loads, the capacity of devices that are required to condition the specified building, the 

contributions of each component of the building such roof, walls, windows, skylight, ventilation and infiltration, 

and the cost of conditioning loads. That helps designers to visualization how the components lose the energy and 

which components cause the highest losses. Figure 2 explains the energy model [43].  

 

Figure 2. The energy model of the building 

In addition to the conditioning loads, the Revit can estimate many useful information that can make the 

visualization clearer. Annual energy demand is one of them which is calculated dynamically by the software 

which means more accuracy. This energy demand includes electricity (kWh) and fuel (MJ) energy demands. The 

energy use intensity (MJ/m2/year) is the second useful data that can be obtained from the program that gives us a 
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conception how the building consumes energy annually and also it is useful to comparison any building with 

others based on it. Furthermore, the program gives us the annual cost of both the electricity and fuel energies 

(USD/year). Domestic hot water (DHW) is considered by the program where its annual amount and cost can be 

estimated as well. The potential energy that can be achieved is also represented another advantage of this software. 

It is calculated based on the position of the building and weather data of it. Those potential energies and their 

contributions to provided energies that can improve the building performance can be obtained as well. Those 

potential energies involve photovoltaic, wind, and natural ventilation.  

In addition, there are diverse benefits that can be obtained from this software. Checking the daylight of the rooms 

is one of them. By using this feature the daylight of all rooms on a specific level or floor can be examined to be 

sure that the rooms get sufficient light during a day. This feature allows designers or building owners to select the 

best function for each room in the building. Also, the distribution of the external shades around the building can 

be the best if it depends on the 3D view of the building model. It is possible seeing the shadows around the building 

at any time during a year in form that gives us an opportunity doing that in the best way.  

Insight 360 

It is a feature that has been added to Revit recently. It can be used after performing the model to gives users their 

position according to their BIM and available options in order to reduce the demand energy and the cost.  The 

options that are provided by this feature are orientation, window to wall ratios, windows glass type, lighting 

efficiency, windows shade factors, wall and roof constructions, infiltration, daylight and occupancy controls, Plug 

load efficiency, HVAC system, operating schedule, PV-panel efficiency, PV-payback period, and PV-surface 

coverage. In each option, the BIM will be marked in a curve with other options. Comparison between the current 

state (BIM) and other options can be made by adding scenarios that might form alternatives, and comparison 

between those scenarios can be made in order to choose the best one among them.  Those options and scenarios 

lead to reduce the energy demand, and consequently the cost and CO2 emission.  

RESULT AND DISCUSSION 

After completing the Revit model and performing it, the first thing that can be done with 3D model is cooling and 

heating analysis. This analysis provides the peak cooling and heating loads which are important to visualize the 

maximum loads and the peak time of each of cooling and heating. The contributions of building components at 

peak load will be determined in the form that helps designers to specify the parts that playing role in conditioning 

load value. This analysis is applied statically because it is done at specific moment. Energy analysis which is 

applied dynamically, produces other results which include annular energy demand, its cost and CO2 emission for 

both heating and cooling seasons according to the BIM. Insight 360 feature gives us the annular energy demand, 

and annular cost per square meter of the floor area of the building. Another advantage that is provided by Insight 

360 is getting alternative options as they are explained before. 

Based on cooling and heating analysis, the peak cooling and heating loads for the building are 1.3 MWh and 0.43 

MW, respectively. The energy analysis results are annual which means the calculation represents the entire year. 

The fuel represents the annual energy required for heating and domestic hot water, whereas the electricity energy 

represents the cooling and other aspects of electrical requirements. It can be noticed that the annual electricity and 

fuel consumptions are 2175 MWh and 8555 GJ whereas their costs are 302364 and 117071 USD. Also, the 

percentages of both of them are shown in Figure 3. 
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Figure 3. The annual energy use and its cost 

Furthermore, the details of fuel and electricity usage are presented in figures 4 and that gives the designers a good 

vision about energy consumption. It can be seen that 86% of the fuel energy is used for heating whereas only 14% 

goes for domestic hot water (DHW). Electricity divides into three parts 62%, 20%, and 18% for cooling, lighting, 

and appliances, respectively. 

 

Figure 4. The details of fuel and electricity usages. 

Moreover, the monthly load for the heating load can be seen in the results of this model (Figure 5). The 

contributions of all building components, occupancies, lights, appliances, solar from windows and infiltration can 

be seen in this figure. This figure can provide a real opportunity for the designers who are looking for 

improvements. Taking a look at the figure explains where the maximum losses, in which part of the building 

components. Hence, it will be easy to decide confidently. The results inferred that the maximum loss occurs in 

windows and improving this part can achieve benefit. In addition, the figure distinguishes between the losses and 

gains energies as they are explained in the figure.  
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Figure 5. Monthly heating load and contributions of its components 

Similarly, the monthly cooling load details and the building component's contributions can be seen in Figure 6. 

The high unavoidable contribution is the internal loads of occupants, equipment and light. Also, solar energy 

negative effects can be seen in this figure. This clear image gives the designers a glance in their way to treat such 

problem.  

 

Figure 6. Monthly cooling load and contributions of its components 

The next step is opening the Insight 360 to get the alternative options that lead to reduce energy consumption, its 

cost and consequently CO2 emission. By opening the insight, there are two available options to view the model 

results, the first one is energy demand and the second represents its cost as it is explained in Figure 7. The first 

thing can be seen when the insight opened. The annular energy demand of the building is 244 (kWh/m2/yr), while 

the cost of this energy is 25.2 (USD/m2/yr), and those values are considered standards to make any comparison. 
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Figure 7. The views of insight 360 A-annular energy demand (kWh/m2/YR), and B-annular cost of energy 

(USD 

The first image in the left there is Benchmark Comparison in Figure 8, it can be seen the high and low possible 

annular cost or annular energy demand ranges. This means the best and worst possible scenarios are based on 

energy usage. The range and value change according to the chosen scenario.  

 

Figure 8. The annular energy demand (Kwh/m2/yr) and its cost (USD/m2/yr) 

The first option among all available options is building orientation Figure 9. The 0 degree refers to the North 

direction and BIM represents the direction according to the building's current position and direction. It can be 

noticed that how the orientation affects the annular energy demand and the cost. Rotating the building 90 degrees 

clockwise reduces the energy around 3%, while 3.5% is the reduction in cost. This option is inapplicable for 

existing buildings, but it can be applied for under design buildings.  
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Figure 9. The effect of the building orientation to annual energy demand (kWh/m2/yr) and its cost (USD/m2/yr) 

Windows to wall ration (WWR) is the second option that leads to improving the performance of buildings. Figure 

10 and Figure 11, for instance, present the effect of WWR on the southern wall on the performance of the building.  

The window to wall ratio percentage according to the building details is (44%), and other options that improve 

the performance can be seen on the right of this point. The values of WWR of other walls have been determined, 

and available options that may improve the building performance can be checked as well.   

 

Figure 10. The effect of the WWR for all directions to annual energy demand (kWh/m2/yr) 
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Figure 11. The effect of the WWR for all directions to annual cost of energy demand (USD/m2/yr) 

Besides, shades can improve the thermal performance of the building. Their effect can be estimated based on 

Insight 360 that gives the designers and users diverse options to achieve the best one. Unlike to WWR, Shades 

consider to be applicable option. Figure 12 provides their enhancement for all directions. It can be noticed that 

the software considers only the main four directions of the building directions, because it approximates the 

building directions. Furthermore, the effect of the shades can be studied based on Insight 360 or Green building 

studio that alternative options as well.  

 

Figure 12. The effect of windows shades in each direction to annual energy demand (kWh/m2/yr) 

Another option that can be provided by Insight 360 is window glass types as it is explained in Figure 13. The 

limitation of improvement based on glass type is cleared in this figure, because the used glass type of the building 

is well. However, there is an option there to use triple glass instead of double glass in the building windows. That 
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option reduction reaches 10% of energy demand, if it is applied. The positive sign means that total energy demand 

and its cost decrease more than their values in the current state whereas, the minus sign means the energy demand 

and its cost are less than their values in the current state.  

 

Figure 13. The effect of the windows glass’s types in all directions vs. the reduction of annual energy demands 

and its cost (%) relative to the current state 

Daylighting and occupancies control effects can be remarked in Figure 14. The daylighting control reduces the 

cost and energy use intensity around 0.5% and 1% from the total energy demand, respectively. These two 

parameters (cost and EUI) saves reach to 1.5% and 3% of the total energy by applying the occupancy control. The 

best reduction that can be got is by applying both of them (daylighting and occupancies controls).   

 

Figure 14. The effect of the daylighting and occupancy controls effects 

The wall and roof of the building have been designed to achieve good performance, and that can be remarked in 

Figure 15. It explains the position of the current construction properties and available options. The lack of a 

proposed option shows the limitation of improvement in those parts of the building. 
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Figure 15. The effect of the wall and roof construction to annual energy demand (kWh/m2/yr.) 

The light power is one of the internal power that contributes to determining the energy demand especially in 

cooling loads. Figure 16 shows that effect and what are alternative options in this part of the building. Reducing 

the light efficiency to 3.25 W/m2 can save 4 kWh/m2/yr of total energy demand. This option provides a great 

opportunity for the owners and investors to improve their building's performances.  

 

Figure 16. How demand energy (kWh/m2yr.) affected by light efficiency 

Using solar energy in order to improve the building performance is another option in this feature of Revit. To 

apply PV option appropriately there are three choices that need to be done first, panel efficiency, payback limit, 

and surface coverage. By merging those options in one scenario we can determine the potential reduction can be 

achieved in case it is used in this building. The effect of this option can be seen in Figure 17.  

 

Figure 17. Demand energy (kWh/m2/yr.) affected by PV panel properties 

The most effective part of energy demand and its cost is the system that is used to condition the building, and 

Figure 18 reveals that effects. Using ASHRAE Heat Pump system causes reductions in energy demand and its 

cost around 36% and 14%, respectively. Also, using a High-Efficiency Heat Pump instead of the current system 

leads to reduce energy use intensity around 40% whereas, the reduction in cost reaches 24%. 
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Figure 18. The conditioning system effects on both annual energy demand (kWh/m2/yr.) and its cost 

(USD/m2/yr.) 

Lastly, any scenario can be made by merging some options that achieve reducing annual energy demand. A 

comparison between a group of chosen scenarios is possible in this feature of Revit. Figure 19 shows a comparison 

between a group of specific scenarios. This comparison is helpful to take a look at all available scenarios and 

decide the best scenario among a specified group. The benchmark of each scenario gives the designers a sign of 

maximum and minimum demand energy of their scenario, and that also might provide a chance to figure out the 

next step in design or renovation stages. The improvement of the scenarios can be noticed in the same figure and 

how those scenarios can achieve reducing energy demand and consequent economic benefits. It can be inferred 

from the figure that there no sensible improvements in the architectural aspect because this side of the building is 

designed as well as possible. In contrary, the real opportunity to achieve the best improvement is changing the 

conditioning systems, and that can be noticed in scenario before the last one. Moreover, the results reveal the 

amount of solar energy that can be obtained by using potential PV. This energy can cause 16% reduction in the 

annular energy demand of building and 12% of the total cost, and that can help designers to adopt the PV or not, 

as we said it all about making a decision. Sustainability can be achieved, if most applicable options merge in one 

scenario as it is explained in the last scenario in the following figure.   

 

Figure 19. Comparison between scenarios and the specific annual energy demand (kWh/m2/year) 
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CONCLUSION 

A high percentage of energy consumption occurs because of buildings' energy demands. In this article, Building 

Information Modeling (BIM) technology was used to accentuate the importance of this technology in such 

substantial subjects.  it was found that the application of this technology Can lead to precognition of the designed 

building performance that provides a real opportunity to decision-makers to enhance the building performance in 

a way that minify the energy consumption, cost, and pollution. The results showed that: 

• Use suitable orientation of the building saves around 3% of the energy and its cost.  

• Reducing the windows to walls ration to 20% can reduce the energy and its cost 2%, respectively.  

• 1.5% of total energy can be saved by using Triple layers of glass in windows.  

• Applying both the daylighting and occupancy controls can keep 3.5% of the total energy demand. 

• The high insulation of the walls and roofs eliminates the choices of improvement in these components of 

the building.  

• Use a suitable HVAC system can save (15%-45%) of annual energy and (5%-30%) of its cost.  
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