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Abstract 

Sustainability has emerged as a broad concern for the society. Many engineering 

platforms have been challenging in how we sustain technical, social and ecological 

systems. In the software community, for example, maintaining had been a concern for a 

long run. But often, these issues are treated as isolation from one another. Misinterprets 

among research communities persist, rooted in a lack of understanding sustainability, 

and how it relates to software systems research and practice. This article presents a 

disciplinary initiative to create a common ground and a point of reference for the global 

community of research and practice in software and sustainability, to be used for 

communicating key issues, goals, values and principles of sustainable design for 

software-intensive system 
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1. Introduction 
There are thousands of building energy programs had been developed, analysed and are 

in use. The main key tools in energy field are whole-building is in energy simulation 

programs which gives the users with building performance (analysis) indicators such as 

energy usage, humidity and temperature. During time, a number of comparative analysis 

surveys of energy programs had been published, ranging from comprehensive surveys of 

building energy simulation programs to reviews of single topics such as daylighting, 

energy auditing, wind flow, thermal analysis, and different kind of simulations in the 

building. 

 

2. Software selection 
Autodesk Revit Architecture is chosen as the software package for creating the 

information on building model. Revit provides tools and accommodates the export of 

building data for the purpose of external energy analysis and simulations. For energy 

analysis, Ecotect and Design Builder software’s are selected. Both programs support the 

ability to import building data information model for energy analysis. Ecotect is chosen 

for its ability to generate quick analysis, early design studies as well as purposes of 

visualization and analysis. Design Builder is chosen for its ability to execute detailed 

energy simulations, heat and cooling, energy consumptions, solar orientation, radiation, 

natural and artificial lighting, internal air, humidity. 

 

Pramana Research Journal

Volume 9, Issue 4, 2019

ISSN NO: 2249-2976

https://pramanaresearch.org/213



 

 

3. Ecotect 
It was developed by Dr. Andrew Marsh and Square One Research Ltd. that was owned 

by Autodesk. It is a complete environmental analysis and building design tool that covers 

the simulations and analysis required to understand how building design will perform. 

The primary program capability includes energy analysis, thermal analysis, and lighting 

and shading analysis. The energy analysis and thermal analysis features take into factors 

such as resource management, heating and cooling loads, ventilation and airflow through 

the model. Lighting and shading analysis tools are for solar analysis, daylighting 

assessment, shading and lighting design. 

Ecotect can import CAD-BIM models from most software’s like Revit, AutoCAD, 

ArchiCad and 3DsMax. It can export to wide range of other programs and CAD formats. 

It is supported to Radiance (ray-traced rendering), POV-Ray, wrl and .dxf (compatible 

with CAD software), GBS, Energy Plus. 

 

 
  Source: Author' 

Figure 1 : sun path analysis in Ecotect allows the users to see how building facades are 

shaded throughout the year 

 

3.1 Import Process for Ecotect 

Ecotect import many types of building data, from a simple geometric models to detailed 

models for thermal analysis. In this example, the building is imported as Model and 

Analysis Data, to which gbXML data belongs.  After selecting the file which is analysed, 

the dialog box of following Figure is displayed. This dialog box is used in managing the 

proper mapping of gbXML data to Ecotect model elements. As the Model Element 

column in Figure displays, gbXML data elements are identified.  
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         Source: Author’s 

Figure 2 : autodesk ecotect - import Xml data dialogue box 
 

3.2 Ecotect Parameters 

Ecotect’s parameters are managed under the Model heading on the main menu. Under 

the Model heading, Zone Management is used to define models parameters such as 

occupancy levels, amount of internal gain, rate of infiltration, and HVAC service type. 

As figure illustrates, these parameters can be entered on an individual zone basis. 

Material constructions can be edited right under the Model, new constructions can either 

specifying by constructing layer-by-layer, or by specifying overall R-value. Since 

Ecotect is used as an early design tool for general 44 guidance, the overall R-value 

method is chosen. new constructions can be applied to model elements in 3D Editor by 

selecting an element and changing its properties in the Material Assignments box on 

right-hand side of the screen. Benchmark can be entered by using Schedule Library 

found under the same Model heading. 

 
             Source: Author’s 

 

Figure 3 : the zone management dialog box in Ecotect 

Pramana Research Journal

Volume 9, Issue 4, 2019

ISSN NO: 2249-2976

https://pramanaresearch.org/215



 

 

 

3.3 Ecotect Simulation and Data Analysis 

Ecotect’s tools are accessed right under the Calculate and the tools heading in the 

program’s main menu. The Calculate drop-down menu provides a number of different 

analysis tools focused on lighting, shading, solar access, acoustics, and thermal effects. 

The Tools menu consists of weather and solar analysis tools which gives detailed site 

information for a given weather file. The Weather Tool is used first to understand the 

environmental elements in which the building is placed. In order to run the Weather 

Tool, a valid weather file is required. Although Ecotect provides a library of weather 

files. Ecotect has its ability to convert few other types of weather files into an Ecotect 

weather file. One of the valid file types for Ecotect is EnergyPlus weather file, its is 

denoted by epw extension. Heating and cooling load analysis is calculated in Ecotect 

using Calculate, Thermal Analysis. A built-in wizard used to assist in defining analysis 

parameters. Given the weather results from the previous section and the fact that the 

building studied here is a residential structure, the general trend 48 shown in Figure 3 is 

expected. An analysis of the building’s heat gains and losses can help to explain what 

factors drive the loads shown in the figure 

 

 
    Source: Author’s 

Figure 4 : Annual heating and cooling load analysis performed in Ecotect  

 

Figure 5 shows heat gains and losses over the course of the year in Ecotect. This analysis 

can be found in the wizard linked/associated with Calculate, Thermal Analysis. The 

figure shows heat gains in the chart area above the horizontal axis, and heat losses below. 

The first trend observed is that the magnitude of losses is greater than the gains for most 

months of the year, except for a few summer months. The second trend observed is that 

most heat is lost due to infiltration (air leakage) and conduction associated with the 

building envelope. Respectively these heat losses are shown in green and red. There are 

internal heat gains from lighting and equipment all year round, shown in blue, and also 

some direct solar gains (yellow), especially in the summer. 
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    Source: Author’s 

Figure 5 : Annual heat gain/loss analysis performed in Ecotect 

 

Figure 6 shows the setup for the solar radiation study. The solar radiation tool can be 

accessed as part of the Solar Access Analysis under the Calculate heading of Ecotect’s 

main menu. The figure shows the building’s surfaces color-coded, based on the surface’s 

average daily solar radiation. Surfaces of the building receiving the highest radiation are 

lighter in color (yellow) while surfaces receiving the lowest are darker (blue). 

 
     Source: Author’s 

Figure 6 : Incident solar radiation analysis performed in Ecotect 

 

The building’s initial orientation is shown on the left-hand side of Figure 6. For this 

orientation, the direction of north is defined to have an offset of 0 degrees with respect to 

the building. Once the radiation data is captured for the 0 degree offset, the direction of 

north is offset every 30 degrees (shown on the right of Figure 6) from 0 to 360. This 

simulates effect of changing the building’s orientation toward the sun. After solar 

radiation data is captured for all orientations, the best orientation estimate can be found. 
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    Source: Author’s 

Figure 7 : on the left the initial building orientation, on the right the direction of north is 

effect by 30 degrees 

4. DesignBuilder 

DesignBuilder combines building modelling and ease of use with ‘state of the art’ 

dynamic energy simulation. It is a unique software tool for creating and assessing 

building designs. It had been specially developed so it can be used effectively at any 

stage of the design process. From the concept stages where just a few parameters are 

needed to capture the building design to much more detailed building models for 

established designs. It is a user-friendly modelling environment where you can work 

(and play) with virtual building models. It provides an environmental performance data 

such as: annual energy consumption, HVAC component sizes and maximum 

summertime temperatures. DesignBuilder allows importing 3D architectural models 

created in Revit, ArchiCAD or other 3D CAD systems supporting .gbXML, and dxf data 

exchange. 

 

4.1 Import Process for DesignBuilder 

DesignBuilder allows the import of 3D building model data using the gbXML file 

format. For importing the user is given a preview of the imported geometry. Figure 7 

shows the dialog box for inputting a gbXML file, as well as the preview box showing the 

import model. The preview box contains of three options they are 1.import as building 

blocks 2.import shade surfaces, and 3.merge coplanar surfaces. DesignBuilder uses 

building blocks to organize different levels and sections of a building. Each building 

block is made up of a thermal zone or zones, and building elements, such as walls and 

windows, are assigned to each zone surface. This creates a data hierarchy in which 

modifications can be made at the building, block, zone, or element level.  
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               Source: Author’s 

Figure 8 : one left screen for selecting a .gbXML file. one the right a preview of the 

imported building geomentry 

 

 
 Source: Author’s 

Figure 9 : first attempt at importing BIM data into DesignBuilder. 

 

4.2 DesignBuilder Parameters 

DesignBuilder’s parameters are organized in a tab structure. The Construction tab is 

shown in Figure 9. On this tab, material constructions are applied on the building’s wall, 

floor and roof elements. A construction can be given an overall R-value like Ecotect,. If 

materials are added layer-by-layer, It gives the construction’s overall R-value. The 
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decision is made to define the DesignBuilder constructions layer-by-layer. Using the 

external walls as an example, layers can be defined by the overall R-value achieved and 

specified by the Research Benchmark. 
 

 
             Source: Author’s 

Figure 10 : Example of DesignBuilder energy model parameters. 

 

4.3 DesignBuilder Simulation and Data Analysis 

Simulation results can be effectively displayed and analyzed. simulation data in a 

comprehensive manner. DesignBuilder has quality control procedures which assure the 

accuracy of the results in comparison the stand the accuracy of the results in comparison 

the stand-alone EnergyPlus engine. The orientation study is carried out in DesignBuilder 

using the same intervals used in Ecotect and the baseline energy model parameters 

outlined. The annual heating and cooling energy required for each orientation from 0 to 

330 degrees is shown in Figure 10. The heating data points appear to achieve a minimum 

value near the 120 - 180 degree orientation range indicated by Ecotect. The maximum 

heating energy is shown to occur at the 300 degree orientation, where the building 

receives the majority of solar radiation on its non-glazed surfaces. The absence of 

passive solar gains force the building’s HVAC system to make up the internal 

temperature difference instead. 
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                        Source: Author’s 

Figure 11 : Annual heating and cooling energy consumption for solar orientation study. 

 

Heating and cooling data points are separated in Figure 11 and Figure 12, respectively. 

The y-axis intervals have been reduced to provide a clearer indication of the minimum 

and maximum energy usage scenarios. For heating energy, Figure 11 shows that the 120 

and 150 degree orientations provide nearly the same energy performance, with the 150 

degree orientation being the lowest overall. For cooling energy, Figure 12 indicates that a 

90 degree orientation results in the greatest cooling energy use. This orientation 

corresponds to the largest glazed region (located in the living area) facing east. The 

lowest cooling energy is used at the 300 degree orientation. This orientation is associated 

with largest heating energy usage. The orientation with smallest heating energy doesn’t 

correspond to the orientation with largest cooling energy. Figure 12 shows that the 

cooling energy at the 150 degree orientation lies somewhere between the minimum and 

maximum points. 

 

 
                        Source: Author’s 

 

Figure 12 : Annual heating consumption for solar orientation study. 
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                        Source: Author’s 

Figure 13 : Annual cooling energy consumption for solar orientation study 

 

5. Conclusion 

The goal of these modules is for users to use them and hopefully spark an interest in 

building information modeling, building energy simulation, parametric solid modelling 

or sustainable design. This paper describes building thermal simulation engines Ecotect 

and DesignBuilder, and some of the user interfaces to these engines. The benefits and 

import process of each tool were discussed by describing their functionality, life-cycle 

usage and data exchange over software boundaries. 

 

Table 1 : parameters formed under simulations 

Source: Author’s 

 

S.no Outputs Ecotect DesignBuilder 

1 Energy analysis   

2 Daylight analysis   

3 Natural ventilation analysis   

4 Passive energy potential   

5 LEED credit assistance   

6 Design alternatives   

7 Carbon emissions   

8 Resource management   

9 Thermal analysis   

10 Heating / cooling load breakdown   

11 Solar analysis   

12 Electric lighting design   

13 Lifecycle cost analysis   

14 Water usage   
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6. Methodology 
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