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Abstract— Construction industries have significant 

impacts on the economy, society and environment. 

Incorporating all these three factors on a single platform, the 

term sustainability has got its own significance. Sustainability is 

a broad term which describes all those activities which are 

undertaken without disturbing our natural resources and 

causing vulnerable effects to the living beings. Sustainability in 

building design again is a vast and complex topic which must be 

considered from very early stages itself, i.e. in its conception 

stage. A sustainable construction should enhance better living, 

working environments for the society. Consumption of energy 

and generation of waste is comparatively very less for a 

sustainable building. If we observe the life cycle of a complete 

building, we can clearly notice that there are many factors 

involved from sustainability point of view from the location of 

the building, its design, subsequent operation and maintenance 

etc. The study aims to find sustainable attitude of construction 

enterprises in Kerala along with the determination barriers or 

obstructions in achieving a sustainable building and adoption of 

BIM (building information modeling) for sustainability 

Keywords—: Sustainability in construction, Social 

sustainability, Economical sustainability, Environmental 

sustainability, BIM (Building Information Modelling). 

I.INTRODUCTION 

Construction industry is one of the rapid growing sector 
in India. While considering Kerala, a number of construction 
projects are currently undergoing in various fields of civil 
engineering. Large and complex projects have been built by 
contractors and construction companies from all over the 
state. Most of the contractors and their companies lack 
sufficient understanding of sustainable construction. 
Sustainable construction aims to meet present day needs for 
housing, working environments and infrastructure without 
compromising the ability of future generations to meet their 
own needs in times to come. It incorporates elements of 
economic efficiency, environmental performance and social 
responsibility and contributes to the greatest extent when 
architectural quality, technical innovation and transferability 
are included. 

Taking right decisions at the right time is very important 
even in the case of a building project. So important decisions 
related to the sustainable building design has to be taken in 
the conceptual stage itself. Though only conceptual sketches 
and drawings are available at the early stages, the most 
important decisions about the later stages of building 
construction has to take at the early stages itself. Otherwise, 
during the design process, more complex problems arise 
leading to the complexity of the situation and the flexibility 
to make decisions in the solution section will decrease. 
Decisions taken at the conceptual stage of the design impose 

more impact on the final result of the project, even though 
only little knowledge is available in the earlier stages. The 
fact is that if an engineer or an architect can take major 
decisions on sustainability in the initial stages itself, one 
could reduce the negative impacts such as over exploitation 
of natural resources, biodiversity and even the total project 
cost of the structure can be immensely reduced. Most of the 
environmental impacts, energy usage, life cycle costs etc 
which are considered to play a major role on sustainability 
can be assessed and evaluated at the conceptual stage itself. 
Traditionally, the energy analyses of proposed building 
projects have been conducted toward the end of their design 
stage. The ultimate aim of a sustainable construction is to 
design, operate and to build a better environment based on 
resource efficiency and environmental balance by giving 
importance on resource consumption reduction, using 
recyclable resources, protecting nature, eliminating toxic 
materials, applying life cycle costing and finally focussing on 
quality. 

Building Information Modelling (BIM) is actually a multi- 
dimensional tool. It involves in the creation of the visual 
model of a building. BIM also manages the data throughout 
the construction phase of the building. BIM is actually a 
resource of knowledge forming reliable and effective 
solutions throughout the life cycle of a sustainable building. 
Though traditional building was too dependent on 2 D 
drawings, BIM extends this to 3D, 4D and even to 5D. That’s 
why experts say BIM covers all the important aspects of a 
building such as geometry, spatial relationships, analysis if 
day lighting, quantity estimation etc BIM energy analysis 
tools can predict the energy performance of a building and the 
thermal comfort of the occupants. It simulate the weather 
conditions near the building location and determine the 
thermal values of the entire project by using such data such as 
type of materials used, colour of the paint, conductivity of the 
materials etc . Having all the necessary data within BIM, 
construction products, materials and chemicals available to all 
as early as the design stage gives a chance to check that that 
the right and energy efficient products are incorporated in the 
building. 

II. METHODOLOGY 

A. Data collection 

The paper can be broadly divided into five sections. The 
first section, of course deals with the objectives of the study. 
The second section comes with the methodology adopted for 
the study. Three deals with the results and findings of the 
study conducted. The fourth and the final section incorporate 
how BIM can be effectively adopted for a sustainable building 
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project. The research methodology adopted here is 
questionnaire survey approach, which aims to study and 
analyze sustainability attitude of practices for construction 
enterprises of Kerala. As already mentioned, sustainability 
covers all the three aspects, ie , economic, environmental and 
social perspective.. So, in order to study the impact of all these 
three factors, along with to get an awareness on barriers on 
sustainability, a survey was conducted by circulating a sample 
of questionnaire to construction enterprises in Kerala. The 
questionnaire was circulated to about 200 construction firms. 
In reply to this, about 80-90 responses were obtained. We 
have approached mainly contractors and consultants who 
have sufficient knowledge in the relevant field for the study. 
The definition of the factors had been provided in the 
questionnaire in order to preserve the quality and consistency 
throughout the study. In this paper, an analysis of about 50 
reliable responses is done to get an idea of how construction 
firms adopt sustainability perspective into their projects. The 
study mainly targeted consultants and contractors for the 
survey, their experience in the field, major projects 
undertaken etc. In piece wise, we divided the survey into four 
parts separately, i.e. all the three pillars of sustainability was 
separately studied along with the identification of barriers to 
sustainability. A 5 point Likert scale was adopted for the 
study. A Likert scale is basically a psychometric scale which 
is used to allow the individuals to express their opinions or 
arguments. It is the most widely used approach to scaling 
responses in survey approach. The questionnaire is divided 
into three sections. The first section contains general 
information about the respondents such as contact address, 
company size, type and the general industry characteristics 
such as size, experience, amount of change etc. Questions in 
the last two sections are posed in a multiple choice question 
format. The second section ask extend of usage of sustainable 
factors in the construction projects. The respondent is asked 
to state the frequency of usage of sustainable factors in his 
projects. Most frequent using factor correspond to “very 
often” whereas the least frequent correspond to “never”. The 
third section addresses the barriers of sustainability. The 
respondent is asked to state the influence of these barriers in 
implementing sustainability in his projects. Most influential 
barrier correspond to “Extremely influential” whereas the 
least influential correspond to “not at all influential”. 

Factors and barriers used to frame the questionnaire were, 

Environmental factors 

1. Energy efficient design consideration 

2. Usage of locally available Material and resources 

3. Water conservation and harvesting (water 
efficiency) 

4. Land use efficiency (usage of the available site with 
minimum impact on nature ) 

5. Construction Waste management 

6. Adoption of pollution control measures 

7. Indoor Environmental quality (providing health and 
wellbeing of those who live in the building Eg. 
Natural ventilation, thermal comfort ) 

8. Usage of Green innovation and product in the 
design and construction stage 

9. Managing impact on bio diversity ( protect rare 
plant and animal species and their natural habitat) 

Economic factors 

10. Supply chain management (choosing suppliers 
based on quality of their product) 

11. Productivity in the construction 

12. Value for money in the delivery 

13. Retention of experience labour 

14. Quality management throughout the whole 
construction process 

15. Life cycle cost of the structure 

16. Construction cost of the structure 

17. Operating and maintenance cost of the structure 

18. Image and reputation of the firm 

Social factors 

19. Wage and welfare of Employee 

20. Health and safety 

21. Human Well-being and right 

22. Education/training for employees\ 

23. Culture/heritage 

24. Anti-corruption and fair competition 

25. Obeying laws and regulations 

26. Supporting community development 

Barriers to sustainable construction 

27. Higher investment cost 

28. Fear of long Pay-back period 

29. Client worries in profitability 

30. Ignorance of life cycle cost 

31. Lack of financial resources 

32. Lack of experienced Design and Construction team 

33. Lack of government policies/support 

34. Lack of building codes on sustainability 

35. Lack of training 

36. Lack of environmentally sustainable materials 

37. Lack of awareness about sustainability 
measurement tools 

38. Ignorance or misunderstanding about sustainability 

39. Lack of easily accessible guidance 

40. Lack of technical ability 

41. Chronic skills and labor shortages 

42. Lack of demand of sustainable products by the 
client 

The fig 1 below shows a sample of questions circulated 
to identify the impact of environment perspective on 
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construction firms.. The main questions raised include usage 
of locally available materials, construction waste 
management, energy efficient design consideration, water 
use efficiency, land use efficiency, adoption of pollution 
control devices etc. 

All these were rated based on 5 point Likert scale. Usage 
of locally available materials comes under cost effective 
design consideration. Sustainable land usage can be defined 
as practices and technologies adopted to integrate all the 
resources such as land, water, air, biodiversity etc to meet 
human needs while ensuring long term sustainability of 
building projects. Responsible waste management is an 
effective key for sustainable development. Construction 
wastes may contain hazardous materials. Majority of the 
building waste is made up of materials such as bricks, 
concrete, reinforcement and damaged timber and other 
unused materials during construction. Inorder to get an idea 
of all these, points concerning to this were included in the 
questionnaire. 

 

Fig 1: Impact of economic factors 

The second main pillar was that of economic perspective. 
The main questions that were asked include supply chain 
management, whether there is productivity in construction, 
value for money in the delivery, whether quality management 
is incorporated throughout the construction phase, overall 
cost of the construction etc. Quality management involves the 
identification of quality policy, objectives, planning, quality 
control, quality assurance, quality improvement etc. 

The major social factors included for the response from 
the construction firms are image and reputation of the firm, 
health and social wellbeing, training and education for the 
employees, anti-corruption and fair competition etc. 

Sustainable development has been widely promoted as a 
holistic concept, but still it possess certain barriers for its 
implementation. A separate questionnaire was circulated for 
the identification of these barriers too. Lack of easily 
accessible guidance, lack of green materials, lack of 
awareness about sustainability assessment tools, lack of 
building codes on sustainability, lack of training and 
education are also some of the other barriers to attain 
sustainability. This paper was also intended to study these 
barriers too 

B. Data Analysis 

In order to move forward with the study, first of all, it was 
required to test the reliability of the data i.e, whether test 
results obtained are sufficient or not.. Cronbach’s alpha tests 
were used for this purpose... The resulting coefficient of 
reliability ranges from 0 to 1. So, reliability check can also be 
called as a measure of internal consistency of the test results.. 
Statistical Product for Social Sciences (SPSS) is used for the 
analysis of the test and thus to check the consistency. 

 

 
 

Fig 2: Cronbach’s alpha reliability test 

The test results were analysed using SPSS software and 
its reliability was checked using Cronbach’s reliability test. 
The alpha value was obtained as 0.844. So, it was concluded 
as test results are acceptable. 

The correlation between various respondents such as 
contractors and consultants. Spearman’s Rank Correlation 
Approach was used here for this purpose. A correlation 
coefficient of +1 indicates perfect positive correlation, 0 
means no correlation and -1 implies perfect negative 
correlation. 

TABLE 1: CRONBACH’S ALPHA RELIABILITY STANDARDS 
 

Cronbach’s alpha value Reliability 

≥ 0.9 Excellent 

≥ 0.8 Good 

≥ 0.7 Acceptable 

≥ 0.6 Questionable 

≥ 0.5 Poor 

< 0.5 unacceptable 

6X(∑ di2) 
Rho = 1 − 

NX(N2  − 1) 
(2) 

Rho: Rank Correlation Coefficient of Spearman 

di : Difference in ranking between each pair of factors 

N : No of respondents 
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TABLE 2: RANK CORRELATION FOR EXTEND OF USAGE OF 
SUSTAINABLE FACTORS 

 

Respondents 
 Relation of the 

respondents 

Consultant Vs 
Contractor 0.824 Highly correlated 

 
TABLE 3: RANK CORRELATION FOR BARRIERS OF SUSTAINABILITY 

 

 
Respondents 

 
Relation of the 

respondents 

Consultant Vs 
Contractor 0.417 Partially correlated 

 

The result shows high correlation between respondents in 
case of extend of usage of sustainable factors. In case of 
barriers to sustainable factor the respondents are partially 
correlated. There is a strong positive agreement between 
consultants and contactors. 

The next step in the study was to calculate its Relative 
Importance Index (RII). It was calculated for each of the 
indicators and ranked accordingly. Actually, the relative 
importance can be obtained by either using Analytical 
Hierarchy Process (AHP) or Relative Importance Method. 
But, here we have adopted RII approach. 

 As per consultant and contractor, give more 
important to health and wellbeing of those who live 
in the building.

 

 
Fig 7: RII with respect to economic factors 

 According to consultant, quality management 
throughout the whole construction project and 
image and reputation of the firm are the main 
economic factors considered.

RII =   
(∑ W)

 
(AXN) 

W: Weightage given to each factor by the respondent 

A: Highest weight 

N: No of respondents 

(1)  Life cycle cost, operation and maintenance cost are 
the main economic factors that are not considered in 
the construction projects in Kerala. 

 

 
 

Fig 3: RII with respect to environmental factors 

 As per contractor, and consultant usage of green 
innovation and green product in the design 
construction stage is the main environmental factor 
that lack in building projects in Kerala. 

Fig 8 RII with respect to social factors 

 Contractors and consultants give major 
importance to obeying rules and regulations, 
health and safety in the construction projects. 

 Proper training and education are the factors 
that hinders in the building projects. 
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Fig 9: RII with respect to barriers to sustainability 

 
 

 
 

Fig 10: RII with respect to barriers to sustainability 
 
 

 Insufficient building codes on sustainability, lack of 
easily accessible guidance, higher investment cost 
are the major barriers to sustainability. 

After analysing the results, it was clear that all the three 
factors (environmental, economic, and social) plays an 
important role in sustainability of building projects. 

III. CASE STUDY 

From the questionnaire survey it was found the usage of 
green innovations and products and an approach toward the 
energy efficient building concept is not much popular in 
Kerala. This project was executed with an objective of 
improving the energy efficiency of building by substituting 
much energy efficient locally available material and energy 
analysis of the building was carried out with the help of 
building information modelling (BIM). 

Case study of real life design project of existing “Nirmala 
UP School” located in Chemperi, Kannur district Kerala, 
which is having plinth area of 1230.45 M2 is taken. For study 

purpose the building model is created in Revit and analysis is 
done with the help of insight 360 and Energy plus. 

 

 
Fig 11: BIM model of the building 

Weather data, thermal properties of the building element, 
location and all the necessary data for energy simulation were added 
to do the energy analysis of the building. 

Heating and cooling load that is the heating load is the amount 
of heat energy that would need to be added to a space to maintain 
the temperature in an acceptable range. The cooling load is the 
amount of heat energy that would need to be removed from a space 
(cooling) to maintain the temperature in an acceptable range in a 
building, were calculated for ordinary building. 

In figure 12 the negative value indicate the heat loss or heating 
load. Heating load indicate the loss of heat which means heat has to 
be added to maintain the thermal comfort of building. In order 
provide a heating balance critical component from graph should 
be identified. we can find that single monthly demand for 
heat loss (heating load) is in January is found more and 
monthly heat gain (cooling load) is found more for the month 
April for all components. From the obtained value it can be 
derived that window is the critical component where more 
heat loss is found and the roof remains the second most 
critical. So to improve the design, building part should be 
sufficiently insulated to maintain the heat balance. While 
analyzing the obtained result during cold month’s heat loss 
occurs for components and during hot months heat gain is 
occurred, as the building is in Kerala which remains in the 
warm humid climate region as per Energy Conservation 
Building Code 2017 published by Bureau of Energy 
Efficiency, it is found efficient to consider the warm months 
heating condition to build an energy efficient building 

 

 
Fig 12: Monthly heating and cooling load of ordinary building 
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In order to get energy efficient building the building was re- 
designed using much energy efficient building material and material 
assembly. As per Energy Conservation Building Code 
(ECBC) 2017 published by Bureau of Energy Efficiency the 
U value of roof assembly for compliant building in warm and 
humid climate for school is 0.47, for external wall is 0.85, for 
window is 3.00 and s. But while considering practical case it 
possible to provide materials assemblies with the above 
values, so I have chosen locally available green building 
materials with lesser U Values as tabulated in table 4 

TABLE 4: U VALUE (THERMAL TRANSMITTANCE) 

 
 

Ordinary 

building 

Energy 

efficient 

building 

ECBC 

compliant 

building 

Building 

material 

U value 

(W/m2.K) 

U value 

(W/m2.K) 

U value 

(W/m2.K) 

Wall 2.467 0.88 0.85 

Roof 5.609 0.97 0.47 

Window 7.1 3.4 3 

Door 1.02 1.02 0.9 

Floor 1.079 1.079 1.05 

 
Filler slab construction technique is used for roofing and ACC 

blocks were used for wall assembly. 

Comparing heating and cooling load for ordinary and 
energy efficient building there is a considerable variation in 
the heat gain and heat loss of the components, in case of 
ordinary building the heat loss in the month January was - 
21442.8 W/h it was reduced to -12504.75 W/h for windows. 
For ordinary building heat gain was April for window 
32569.02 W/h it was reduced to 13631.05 W/h after using 
energy efficient material assembly. 

 
 

Fig 13: Monthly heating and cooling load of green building 

Annual average heating and cooling load for ordinary 
building and energy efficient building were compared for 
better understanding of the effect of green innovations and 
products in building construction. 

 

 
 

Fig 14: Comparison between two buildings 

It is found that while changing the material we can 
considerably increase the thermal performance of a building. 
Filler slab construction in building helps to decrease the 
cooling load by 84% comparing to ordinary slab 
construction. In case of wall assembly there is decrease of 
65%. 

Energy use intensity is the annual energy consumption in 
kWh/m2 /yr of a building. For energy efficient building the 
value is 167 kWh/m2 /yr and for ordinary building it is 191 
kWh/m2 /yr. 

IV. RESULT AND DISCUSSION 

The sustainable construction is influenced by numerous 
interrelated factors. One of the objective of this research study 
was to identify the extent of usage of sustainable factors in 
construction project and barriers to implementing sustainable 
construction projects in Kerala. Based on the field survey 
conducted and the results obtained, the following can be 
concluded and outlined: 

1. Top 5 sustainable factors that use in construction 
projects are obeying rules and regulations, quality 
management thought the whole construction 
process, image and reputation of the firm, 
construction cost of the structure, health and safety. 

2. Top 5 sustainable factor that lack in construction 
projects are usage of green innovation and product in 
design and construction stage, construction waste 
management, operation and maintenance cost of the 
structure, life cycle cost of the structure, education 
and training for the employees. 

3. Top 5 barriers of sustainability are lack of demand of 
sustainable product by the client, higher investment 
cost, lack of government supports or policies, lack of 
building codes on sustainability, lack of easily 
accessible guidance. 

This project was executed with an objective of improving 
the energy efficiency of building by substituting much energy 
efficient locally available material with the help of building 
information modelling (BIM). To validate the findings a real 
life case study is used. The comparison carried out between 
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original building and new redesigned building with energy 
efficient building materials provided the following results, 

1. Total heating or cooling load to be removed from 
ordinary building is found to be 33273.77W/h and 
for energy efficient building it is 10062.84 W/h. This 
shows 70% decrease in heat gain through building 
envelop. 

2. The project completion cost for the building was Rs. 
18205000.00/- only and the estimated rate for the 
redesigned building with energy efficient materials 
was Rs. 18168868.00/-. This creates a savings of Rs. 
36132.00/- in initial cost of building. 

3. The energy use intensity of ordinary building was 
191 kWh/m2 /yr and that for energy efficient 
building is 167 kWh/m2 /yr which makes a decrease 
of 12.56%. 

From this it can be concluded that using energy efficient 
building even though there is slight decrease in the initial cost. 
While considering components of life cycle cost that is 
maintenance cost, cost of electricity there will be considerable 
reduction in life cycle cost of the energy efficient building 
compared to ordinary building. It will also provide a thermal 
comfort in building. 

V. CONCLUSION 

All the three pillars of sustainability has its own priority 
in achieving a sustainable building design. Sustainable or a 
green building has got its own advantages comparing with the 
traditional building. In a typical traditional building, even 
though there is an effective project planning and scheduling, 
the idea of sustainability is rarely less. But, in the modern era, 
everyone wants a building which is energy and resource 
efficient in every aspect. According to sustainable approach, 
projects are not just a collection of activities that need to 
complete on time. Instead, projects are sustainable related 
processes that must deliver sustainable results. Building 
Information Modelling (BIM) can help in understanding 
sustainable performance of a building even before it is 
constructed hence it will help to create more efficient 
sustainable design model in planning stage. 

VI. RECOMMENDATIONS 

1. It will be effective if there is involvement of experts 
in the design, planning and process stages of the 
construction work to incorporate sustainable 
measures in all the phase 

2. It will be a better option to use energy efficient 
design for construction. Better methods which 
considering the fuel energy will make the design 
more sustainable. 

3. Modifications in government rules which asks or 
force every construction enterprise to implement 
sustainable measures in their project can be 
revolutionary change. 

4. Social aspects of sustainability can be considered. 

5. Proper guide lines and training shall be given to 
employees about sustainable construction and 
implementation of sustainable factors in 

construction which will improve their confidence to 
work in that area. 

6. Awareness and education about the need of 
sustainable building shall be given to the society 
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