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Abstract— In a quest to minimize energy consumption, a 
responsible designer tries to device a composition responsive to 
its physical environment. A certain behavior, suitable to daily or 
seasonal climate patterns, is identified using a calculation-based 
and formula-driven process. This paper asserts that such a 
process discounts the occupants’ role towards actual 
performance of the design.  

This paper highlights the possibilities for structuring 
occupant interaction in conventional design process. Using 
Indian examples, various evidences of user-created interactive 
environmental modifications are presented to support the above 
assertion.  Finally, this paper discusses the place for adaptive-
interactive dialogue in current approaches for design and 
performance measurement. 
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I.  GREEN BUILDINGS 

Green Buildings has been a topic of great interest among built 
environment professionals and researchers alike. To some 
extent, the word green takes the symbolism from a tree and its 
processes of growth and sustenance [1]. While this symbolism 
is helpful in generating inspiration and awareness, the process 
of building design requires that a responsible designer take 
into account the involved sciences of construction and 
operation. Now the dialogue drills down into energy 
exchanges across and within the building envelope. This also 
demands an interdisciplinary approach that takes support from 
all stakeholders in a building design project [2].  

In pursuit of a green building, it is typical to find the 
designers working with calculations of energy flows in space 
and material. HVAC calculations for mechanical engineers, 
site runoffs for civil engineers, water flows for plumbing 
engineers and lighting load for electrical engineers are 
common to all contemporary building designs. While the 
concept of ‘Green’ generates interest, inspiration and market; 
concrete design decision requires certain mathematics. To a 

great extent this results into a process which is predominantly 
a formula-driven. 

II. THE BUILDING BEHAVIOR- THE INTENT OF A 

DESIGNER 

With the intent of minimizing energy consumption in 
construction and in operation of a project, a designer 
irrespective of his discipline, attempts to fulfill the 
requirements of the users of the building. In doing so, he 
makes various decisions for fixed or operable components of 
the building. While the structural elements such as floors, 
walls, and frame define the fixed components, operable 
components could be shading devices, surface colors, curtains 
etc. 

III. HUMAN FACTORS AND THEIR IMPACT ON 

BUILDING PERFORMANCE 

The above mentioned formula driven process facilitates the 
calculated and supposedly ideal design of the building, but it 
does not assure if the performance will be as expected. One of 
the reasons for such aberrance is the exclusion of human 
factors and their potential influence on the building behavior.  
For example, one may chose to keep window closed to avoid 
outside noise while the design intended that it be open to allow 
cross ventilation.  Also one may chose to fold curtain for 
outside views, but the same may be inviting unwanted hear 
from the sun inside the building. 

IV. PLANNED AND INTUITIVE RESPONSES BY 

USERS 
Quite often, people use their palm to shade their eyes from 

harsh sun, they park a car under the shade to avoid 
overheating, and they chafe the palm together to warm it up in 
winter. Some of these responses are intuitive while some are 
well contemplated reactions. Whether planned or out of 
intuition, such actions are difficult to be accounted while 
designing. One can expect the users to operate in a certain 
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manner, but assuring that they follow a set program in long 
run remains a challenge. 

V. EXCLUSION OF USER INFLUENCE BY FORMULA 

DRIVEN PROCESS 
An example from the domain of Climate Responsive 

Building Design will be helpful to understand this dialogue 
further. One of the prominent strategies for minimizing the 
heat gain of a building is the use of sun shading devices. To 
design a shading device let’s say for a window on west wall, 
one has to take into account the sun path diagram, geo-
location of the project and weather data of the location under 
consideration. Once this data is available, a calculated 
response for a shading device can be designed. Projection of 
shading device from the wall at head and jambs, whether fixed 
shading device or a shade movable diurnally or according to 
seasons, are calculated using a formula driven process [3]. 
Such formula driven process does not take into account the 
role of user in the operation of a shading device. This creates a 
possibility that the building although designed to avoid heat 
may not perform as per the design intent, because of 
reluctance in daily operation of shade, lack of maintenance of 
movable mechanism or may be just the lack of awareness of 
the user. 

VI. LEARNING FROM USER- INDUCED STRATEGIES 
A cursory look into day to day life of people speak a lot about 
the modification done by the user in their immediate 
environment to achieve comfort and minimize energy resource 
consumption. In a market shops or vendor kiosks (Thela) use 
plastic sheet, cloth or other fabric supported on bamboo or 
wooden props as attachment to original construct. Over the 
years, the experiences and available resources inform the size, 
shape and flexibility of such shades. Role of user can be 
divided into few categories-  
 

 Intuitive responses 
 Response as per designed program 
 User modifications to the design 
 Add-on or attachments based on experiences over 

time 
 
These categories are elaborated in the sections below. 

1) Intuitive Responses: Such responses constitute actions 
which are not well contemplated but are natural immediate 
reactions to the discomfort. A person standing in sun uses the 
news papers, book, and file, rotates his cap or uses his palm to 
shade his face when it is too hot or if it is causing glare. Two 
people talking together all of a sudden move to shade or in 
open sunlight depending on if it is too cold or hot. Refer figure 
1. 

 

 
 

Fig.1. Man using a piece of cloth for shade from sun 
Source: The Wall Street Journal, Title: India’s Blistering Heat Wave Kills 
More Than 500 By Vibhuti Agarwal May 25, 2015  

2) Response as per designed program: The Pargola Shade 
on the courtyards of India Habitat Center, New Delhi, is an apt 
example of such response [4]. Shading Device is a tubular 
space frame with fabric shades. This frame is flexible and can 
be adjusted to allow or disallow sun. As intended by the 
designer, the space frame can be adjusted to permit the sun 
inside courtyard in winter and to block the sun rays in 
summer. Also there is possibility to fabrics at an angle which 
permits the inclined winter sun but block the summer 
afternoon sun which is normal to horizontal.Refer figure 2.  

 
3) User modifications to the design: Although a 

responsible designer takes into consideration the user activities 
and designs a building to suit the program; over the years the 
user needs may change or user may notice a fault in the 
original design. In such cases, users make various 
modifications to meet their present needs. A balcony is 
converted into a room by enclosing it with walls, an open to 
sky courtyard is often covered with an iron grill to facilitate 
circulation and additional functions, functions of store rooms, 
worship room, bedroom etc. are often interchanged as the 
number of people living in a house changes over time. 

 
4) Add-on or attachments based on experiences over time: 

It is common to observe shades of plastic sheets supported on 
bamboo or wooden props attached to the front of a shop. 
Shopkeepers attach such shades as needed to avoid harsh sun 
and rain. A Jaali weave made from green plastic thread is 
often used to shade plants on roof or to block sun from 
reaching courtyard. Such interventions are made by the user as 
he learns with time for additional measures to be applied on 
the original building. Refer figure 3. 
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Fig. 2. Pargola Shade on the courtyards of India Habitat Center, New Delhi 

Source: http://blog.onizu.com/ 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE I.  TABLE STYLES 

 
 

Fig.3. outdoor shade attached to the main building 
Source: https://dir.indiamart.com/impcat/outdoor-shade.html 

IV. UNDERSTANDING ADAPTIVE AND 

INTERACTIVE ENVIRONMENTAL MODIFICATIONS 
At this point it is convenient to categorize user induced 
modifications mentioned above as permanent, non-changing 
or fixed and also as temporary, movable or operable. 
Permanent components of a building such as structural 
columns and beams and floor plate which are more likely 
fixed elements and cannot be modified by user, present the 
opportunity for a permanent design response. In other words 
their behavior cannot be changed over the course of building 
use. Such permanent design responses are being categorized as 
Adaptive responses for the sake of discussion in this paper.  
Certain components such as window shade, shade above the 
courtyard, curtains, blinds, movable louvers, etc. which are 
operable by the user as per his requirements of comfort define 
the interactive responses. By changing these operable 

components, user can change the behavior of the building 
along with the changes in Environment. 
 

VII. POSSIBILITIES FOR STRUCTURING 

INTERACTION IN CONVENTIONAL DESIGN PROCESS 
Various energy saving techniques such as high or low thermal 
mass, cross ventilation and nighttime ventilation, evaporative 
cooling are familiar to designer working in the field of energy 
efficient building design. However, rarely is a designer able to 
consider user program at design stages. Typically a building is 
designed on the basis of few discussions with the client and 
assumptions that a designer makes about the user program. It 
is imperative that a designer takes into account individual 
preferences instead of expecting the users to operate the 
building as per design intent.  

In some cases, educating the client becomes essential if we 
want to save energy during the operation of a building. As 
common with various appliances that we use in day to day 
life, the building manual can be supporting service provided 
by the designers which not only educates the user, it also 
provides day-to-day operation and maintenance guidelines for 
using the building. 

VIII. ADAPTIVE –INTERACTIVE DIALOGUE 
At this point it is well understood that a building is a 
composition of fixed and operable components. In quest for 
energy saving, the design decisions can be taken for fixed 
components such as wall and roof material as well as for 
operable components such as window panels, movable shades, 
shade above courtyard etc. Adaptive- Interactive fit takes into 
consideration the proportioning between fixed and operability. 
An obvious observation for a designer at this point is that for 
regions with substantial seasonal fluctuations will demand 
more operability in design, while regions with more or less hot 
or cold predominant season will demand that the building be 
designed primarily for hot or cold conditions, hence more of 
fixed components are to be used [5].  
Nature presents us with numerous inspirations and models that 
can help designers make informed decisions for saving energy 
in built environment. Although, all trees are similar when seen 
as a system for roots, stem, branches and leaves; they are all 
different in their responses towards different weather 
conditions to which they are exposed. Trees in hills are tall to 
catch more sunlight, cacti in desert has all water conserving 
features, deciduous trees change color or shed their leaves as 
per seasonal changes. In nature forms also, some components 
in an organism are fixed and some are operable or changeable. 
Fur Coat of a polar bear doesn’t change its color but the bear 
stretches his body in sun to get more sunlight and folds in 
when its freezing cold. 
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  VIII. CONCLUSION 

In purview of above discussion it may be concluded that 
energy saving is not only a design feature, it demands that it 
be practiced as a daily life pattern by the user of the building 
also. However, that doesn’t limit the responsibility of the 
designers to current practice pattern where designers do not 
consider the user program or user manual as integral to their 
drawing package. This idea entails that the designers create 
awareness as well as educate their clients regarding necessary 
operation to ensure energy saving. Both the designer and the 
user need to believe in the lessons to be learnt from nature. As 
evident is nature, finding suitable fit between adaptive and 
interactive strategies remain the responsibility of the designers 
of built environment. 
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