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Abstract
The aim of this research is to evaluate the vernacular material and construction technology of residential
buildings to assess its comparative energy efficiency cost over modern residential building. The research is
entirely based in the Dang Deukhuri Valley because it was determined that this location is ideal for achieving
the research’s goals. To determine the vernacular materials and technology used in residential constructions,
case studies and field investigations were conducted. Energy consumption pattern were examined through
software called Ecotect and energy consumption cost were analyzed and compared through excel. Vernacular
building was found to bear the minimum energy consumption cost over vernacular with cgi and modern r.c.c.
building. Further, 75 participants were made involved in kobo toolbox questionnaire survey for qualitative
analysis. Respondents were given the option to describe the characteristics of their homes based on factors
such as thermal comfort, house typology, materials and construction technology used , energy cost, etc. and
then result were drawn through statistical figure such as bar graph, pie chart. Additionally, RII analysis was
used to discuss the relative impact of house typology, thermal comfort, and energy cost. The RII value in this
instance further revealed that the vernacular buildings were of more significance than other buildings. The
research can be helpful to traders, regular inhabitants, designers, architects, engineers, constructors, and
more. They can use vernacular materials and construction technology for long term energy cost benefits in
building projects.
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1. Introduction

Construction technology includes the selection of
building materials as well as the “means and
techniques” employed. The choice of technology will
have a big impact on overall building cost, and vice
versa. For instance, compared to resources imported
from outside, local and plentiful construction supplies
might lower shipping costs and minimize price
inflation. Additionally, when a technology is quickly
embraced by the construction sector locally, the need
for expensive outside specialized labor or contractors
is removed. [1] The maintenance and life cycle costs
of buildings can also be reduced by using locally
available technologies and materials that are strong
and affordable to maintain. To progress the local
industry in the most suitable directions with regard to
construction technologies, policy makers must

continue to assess contextual circumstances and
formulate policies. Technology selection should
consider both the economic and social implications.
In order to promote more suitable solutions,
construction technology must therefore be
continuously evaluated and, when necessary,
redirected by appropriate legislation. In general, a
variety of elements may affect the choice of
construction technique, but the most logical criterion
for weighing the options is total cost. [2, 3, 4]

2. Literature Review

2.1 Sustainable Building

A sustainable building, often known as a green
building (GB), is one that has been designed,
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constructed, renovated, utilised, or repurposed in a
way that is resource and environmental efficient. The
following factors should be taken into account before
constructing a green building: quality of the internal
environment, occupant health and well-being, efficient
use of water, energy, and materials, and sustainable
site planning and landscaping. A step towards
sustainable development is the primary objective.[5]
According to another definition, a green building (GB)
is one that, in comparison to a traditional structure,
maximizes energy efficiency, conserves natural
resources, uses less water, produces less waste, and
offers occupants a healthier atmosphere. It
incorporated numerous techniques to finally lessen the
effects of buildings on constructed environment and
places a focus on utilizing the benefits of renewable
resources, such as reducing rainwater runoff,
capturing rainwater, utilizing trees through green
roofs and rain gardens, and utilizing sunshine through
photovoltaic, passive solar, and active solar
technologies.[6, 7]

2.2 Cost optimization

Cost is the sum that must be paid or forfeited in order
to obtain something. In the business world, it is
customarily a monetary appraisal of the work,
resources, materials, time, and utilities expended, the
consequent risks, and the possibilities missed in the
production and supply of a good, service, or
product[8]. [9] describes optimization as a concerted
effort undertaken to increase profit margins and
produce the best results possible under specific
circumstances or circumstances. Cost optimization,
according to [10] , entails minimizing undesirable
factors and maximizing desired ones in order to
perform the same tasks or more at a lower cost. In
other words, cost optimization entails finding
alternatives with the highest achievable performance
or cost effectiveness given the constraints. [7, 10]

2.3 Circular Economy

Using the cyclical nature of nature as an example, the
circular economy can be a system of resource
utilization where the 3Rs (reduction, reuse, and
recycling) of elements prevail, reducing waste to a
minimum, and recycling the rejected products back
into the environment through the use of biodegradable
products.[11, 12, 13] The resilience of natural
resources is encouraged by the circular economy
paradigm. The goal is to produce durable things that

can be repaired or easily disassembled and recycled in
place of the old linear economy model of quick and
inexpensive manufacture and cheap disposal. A
circular economy-based production model encourages
the potential of repairing, refurbishing, and reusing
things before they actually reach the end of their
usable lives in addition to extending the product’s
useful life (when it will be recycled into materials that
become raw resources). The circular economy
paradigm seeks to imitate natural processes that take
place in ecosystems.[14, 15]

3. Research Methodology

3.1 Research Framework

Figure 1: Research Framework step-1

Figure 2: Research Framework step-2

Figure 3: Psychometric chart for dang deukhuri

1256



Proceedings of 12th IOE Graduate Conference

It helps to obtain the thermal comfort range for the
location. It ranges from (24-29) deg. Celcius.

Data were gathered through case studies and field
trips in order to identify vernacular construction
methods and materials. Based on the materials used
for walls, roofs, and floors as well as the building
methods employed, the chart table was created.
Houses were found to be composed of vernacular
materials (mud, stone, bamboo, rice husks, Sabai
grass), concrete and steel reinforcement bar (r.c.c.),
and vernacular with cgi ( all materials linked with
vernacular except the roofing is of cgi sheet). As
stated in the table below, specific information on each
home was collected:

Case-1(vernacular):

Table 1: Data of case 1 on field visit

Case-2(vernacular with cgi) :

Table 2: Data of case 2 on field visit

Case -3(Modern r.c.c.) :

Table 3: Data of case 3 on field visit
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Case -4 (Improved techniques) :

Roofing : Since Khapra tiles can be made of clay, they
are recommended for roofing. The Dang Deukhuri
Valley has the necessary supplies and skilled labor,
and the thermal insulation is a wonderful complement.
With a possible lifespan of more than 100 years, many
clay roof tiles even outlive the buildings they are
affixed to. Khapra tiles are also suitable for all kinds
of occupant Since, it will be offered in the
neighborhood market, and is affordable for all
socioeconomic groups. It may also look nicer than
typical roofs, too. It is also possible to place it over a
concrete structure.

Figure 4: Local Manpower making pot from clay

Figure 5: Locals laying khapra tiles over r.c.c
building

Wall : Rat trap bond is proposed for wall masonry
work. Rat trap bond is a brick masonry technique for
building walls in which the bricks are arranged
vertically rather than typically horizontally, leaving a
cavity (hollow area) within the wall as a result.
According to research, it uses about 25 perc. less
bricks and 40 perc. less mortar than conventional

Figure 7: Hand made clay ready for making bricks.

masonry, which results in significant construction cost
savings. The interiors are cooler in the summer and
warmer in the winter because to the improved thermal
insulation that a cavity-induced in wall gives. As a
result, it offers advantages in terms of operational
costs and thermal comfort. Rat trap bond in a
Building construction can therefore be a long-term
investment. The field visit demonstrates that there is
sufficient clay in the Dang Deukhuri Valley to
produce bricks for rat trap bond.

Figure 6: Rat trap bond for wall masonry construction

Questionnaire survey :

Sample Size n=(z2.p(1-p))/e2 = 68
z = 1.64
p = 0.5
e = 0.1
n0= (1.6452*0.5*0.5)/0.1*0.1= 67.5 ≈ 68

For questionnaire survey, 75 participants were taken
for analysis through kobo toolbox. They were allowed
to choose option which define their house
characteristics on the basis of materials and
construction technology, house typology, thermal
comfort, energy cost etc.
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4. Results and Discussion

Case-1:

Case-2:

Case-3:

Case-4 (Improved techniques):
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Figure 8: Comparative analysis of energy
consumption cost.

Here, total loads or energy required to maintain
thermal comfortness is determined. Total loads for a
year per sq. m. is determined in all cases and then
loads(energy) is converted to electricity cost. The
electricity cost is put as Rs. 8 per unit (Kwh).

Results of questionnaire survey:

Figure 9: Preference on the basis of energy efficiency

Figure 10: Preference on the basis of Thermal
comfort

Figure 11: Eagerness to use local materials for
building construction

5. Conclusion

Here, the vernacular materials and construction
technology is best and optimum solution for long term
investment in building construction as it reduces large
amount of operational cost and also creates healthy
environment to indoor space and occupants.

Acknowledgments

The first author expresses his sincere gratitude and
appreciation towards program coordinator Ass. Prof.
Mahendra Raj Dhital whose motivation has been a
major source of progress.

References

[1] A. Warszawski. Industrialized and Automated
Building Systems, E&FN Spon, London. 2nd edition,
1999.

[2] David Langdon. Spon’s Asia-Pacific Construction
Costs Handbook. Taylor & Francis Group, US, 4th
edition, 2010.

[3] P.Mccarthy. Measuring the Size of the World Economy,
International Comparison Program. The World Bank
Group, 4th edition, 2011.

[4] Toong Khuan Chan. A comparison of construction
cost and technology choice. Technical report.

[5] Meher Balramdas, Rath Behera, and Chaudhary Dash.
A comparison between Normal buildings and Green
buildings-A case study approach. 2016.

[6] A.G. Prasang yadav, Shubhangi kirnapure. Cost
optimization using green building concept. 2018.

[7] Cost optimization of a building using sustainable
building concept.

[8] parakh barbole, nalwade. Impact of cost control and
cost reduction techniques on manufacturing sector.
Indian Streams Research Journal, 3(5), 2013.

1260



Proceedings of 12th IOE Graduate Conference

[9] A. Rajguru. Effective techniques in cost optimization
of construction projects. International Journal of
Informative & Futuristic Research, 3(5):1646–1658,
2016.

[10] Cost optimization. 2016.

[11] Markard J, Raven R, and TRuffer B. Sustainabliity
transitions: an emerging field of research and its
prospects. 2012.

[12] J.Sachs. The Age of Sustainable Development.

Columbia University Press, New York, 2015.

[13] european commissions. Closing the loop-an eu action
plan for the circular economy. 2015.

[14] Circular economy: the importance of re-using
products and materials. 2015.

[15] Athanasios Valavanidis. Concept and practice of the
circular economy. Technical report, 2018.

1261


	Introduction
	Literature Review
	Sustainable Building
	Cost optimization
	Circular Economy

	Research Methodology
	Research Framework

	Results and Discussion
	Conclusion
	Acknowledgments
	References

