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MODELING: the Language of  Design 

Riccardo Morandi. Bridge studies (1987/89)!!R. Mark. Force visualization on Gothic Cathedral 
usign polarized light and plexliglass (‘70s)!

Leonardo da Vinci. Anatomical drawings (around 1510) 
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The term ‘Passive Design’ here refers to design 
strategies, technologies and solutions that effectively 
take advantage of the environmental conditions outside 
the building to maximise the energy and cost savings 
while ensuring the core building facilities and provisions 
(such as indoor comfort, safety, health, etc.) are not 
compromised. The environmental conditions can provide 
several advantages or disadvantages to the building 
such as the following: 
 
• Day lighting: can reduce the energy used for artificial 
lighting but excessive and improper exposure may result 
in glare and other forms of visual discomfort 
• Natural ventilation: can reduce mechanical ventilation 
energy to move air 
around but can result in hygiene issues and over-cooling 
in cold climates 
• Natural cooling: to reduce the need for excessive air-
conditioning or mechanical 
cooling in hot climates 
• Natural heating: to use the energy from the sun to 
provide heat indoors in cold climates instead of providing 
excessive artificial heating. But this needs to be 
managed in hot climates to reduce air-conditioning 
energy use 
• Shading: (from trees or neighbouring buildings) can 
reduce heat from direct sun exposure in hot climates but 
can obstruct views and natural light and heat in cold 
climates. 
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the building development progresses. After construction it is almost impossible to
change some of these elements such as the orientation and massing without having
a drastic and dramatic impact on the project costs and timeline. Let us consider
these elements in more details and understand the associated key terminology and
parameters before jumping into the technologies.

4.2 Building Location and Orientation

The location of the building on the site and its orientation can have a significant
impact on its performance, considering that it can impact the following:

Å The amount of sun (light and heat) a building receives
Å The intensity of wind (breeze and ventilation)
Å Access to views
Å Access to transportation options and other site provisions
Å Impact on or from neighbouring buildings.

The amount of sunlight and heat (solar heat gain) received by the building is
often a key factor in determining the orientation of a building (see Fig. 4.2).
Depending on the geographical location and outside weather conditions, this might
mean different things for different designs. e.g. in cold climates with mild summers,
it might be desirable to get more sunlight and solar heat gain in order to reduce the
use of artificial lighting and heating. Whereas, in a tropical weather, its bets to avoid
solar heat gain in order to reduce the amount of energy used for air-conditioning.
However, it might be also desirable to harness the sun for solar energy generation.

It is also important to consider the surrounding site topography and elevation as
that affects the wind conditions. e.g. a building at higher elevation is likely to
have higher and more consistent wind conditions and buildings on the leeward side
of a hill could produce stagnant wind conditions irrespective of the orientation
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user-friendly software programs have built-in industry standard defaults of these
input parameters that speed up early model creation.

The past decade has seen remarkable growth in the Building Energy Modeling
industry, primarily driven by more stringent building energy efficiency standards
and a growth in voluntary building energy certification programs. There are now
various energy modeling and simulation tools that are commercially available to
perform the functions as described above and the popular ones are listed below for
quick reference:

1. EnergyPlus by the U.S. Department of energy (free tool), available at: https://
energyplus.net/.

2. IES Virtual Environment (VE): http://www.iesve.com/.
3. eQUEST, quick energy simulation tool: http://www.doe2.com/equest/.
4. Autodesk Green Building Studio: https://gbs.autodesk.com/GBS/ (cloud based).

Table 3.3 Typical input parameters required for building energy modeling

Model input set Input parameters

Location specific Å Local climate data (typically imported via a weather file in the
software)

Å Interior conditions and set points
Architectural massing and
form

(Typically imported through 3D geometrical modeling tools
such as Google Sketchup)
Å Building shape and orientation
Å Total floor area
Å Number of floors and thermal zoning
Å Floor-to-ceiling height

Building envelope Å Window-to-wall ratio
Å Area, orientation, solar absorptance, and thermal
transmittance of all opaque building surface

Å Area, orientation, solar heat gain coefficient, visible light and
thermal transmittance, and shading of all glazing components

Å Mass of building components
Å Infiltration rates

Thermal and electric loads Å Lighting intensity
Å Plug loads intensity
Å Sensible and latent (moisture) loads from people and other
equipment

Å Pumps, motors, fans, elevators
Schedule of operations Å Lighting schedules

Å Plug-load schedules
Å Occupancy schedules

Mechanical and Electrical
(M&E) systems

Å Cooling/Heating system type, including the source,
distribution, and terminal units

Å Ventilation system type
Å Fan and pump inputs
Å Economizers and/or heat recovery systems
Å Domestic hot-water system
Å Specialty systems (e.g. fume hoods, exhausts)
Å Renewable-energy systems
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location and orientation. Successful massing for green buildings would help to
reduce energy loads for the building by leveraging on the natural effects such as the
wind flow patterns and the sun path.

Apart from reducing energy use, a good massing and orientation can also help in
rainwater harvesting, integrating the building with urban planning provisions,
reducing material usage and in protecting ecologically sensitive elements such as
greenery, trees and ponds. Modelling and simulation tools as described in the earlier
chapter can be used to assess the performance of the building with various orien-
tation and massing choices. Figure 4.4 shows the impact of different massing
options on the building í s energy use intensity, operating costs and daylight
potential.

4.4 Building Envelope

The building envelope is the ë skin í of the building. In simpler terms it is the is the
physical separator between the exterior and the interior built environment (see
Fig. 4.5 for a simple illustration of the building envelope). The key components of
the building envelope are as follows:

Fig. 4.4 Massing options and implication on building performance (Sefaira 2013)
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