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Abstract: As we are aware that climate change poses a significant threat to environmental quality, human 
health, and well-being, etc., it is important to mitigate the environmental adverse impacts on human health. 
To do this, a necessary step forward is a bioclimatic analysis that includes a quantitative understanding of eco-
human-energy friendliness. The study evaluates the environmental performance of low-cost coastal dwellings 
by analyzing bioclimatic components. Primary data was collected from field investigation and the perception 
response of 1332 dwellers from the selected blocks of coastal Sundarban region, West Bengal including re-
mote rural, rural, and semi-urban areas was recorded. The statistical analysis indicated the upper 95% confi-
dence limit for each subgroup and a normalization of the upper confidence limit with a unity score of 10 for 
each subset of parameters. The total score of the five categories of bioclimatic components was rounded to 
150. A comprehensive evaluation of bioclimatic aspects of low-cost dwellings and scoring of features (design
strategies, indoor environmental quality, thermal comfort, and energy efficiency) significantly yielded a quan-
titative rating of the performance of a rural built environment. Overall, this study successfully quantified the
evaluation of the bioclimatic performance of low-cost coastal rural dwellings, which may be useful to develop 
strategies or building codes for the passive design of dwellings in the coastal, rural areas of India.

Keywords: bioclimatic quantification; environmental quality; rural and semi-urban settings; low-cost coastal 
dwellings; scoring criteria 

1. Introduction
Buildings and all kinds of built environments contribute substantially to greenhouse gas 

(GHG) emissions, energy consumption (Li et al., 2019), and resource consumption, causing envi-
ronmental changes and global warming (Balasbaneh & Bin 2017, 2018). Worldwide, greenhouse 
gases, i.e., Methane (CH4), Carbon dioxide (CO2), and Nitrous oxide (N2O) continued to increase 
with the consequent rise in the global mean temperature by about 1.2 ± 0.1°C above the baseline 
1850–1900, concerning the preindustrial level estimate (World Meteorological Organization 
[WMO], 2021). Rural India represents nearly 2/3rd of its total population, and the scenario predom-
inates with low-cost dwellings (mud houses and huts). The rural populace largely depends on con-
ventional energy sources like wood, animal dung, and agricultural residues for household chores, 
with scanty electricity consumption for lighting systems and other requirements (Misra, 2023; Ti-
wari, 2023). Low-cost dwellings carry many environmental concerns, including CO2 and other 
GHG emissions from burning fuels (firewood, cow dung cakes), congested room structures, and 
cattle sheds. To reduce emissions, it is necessary to improve dwelling characteristics, eco-friendli-
ness, human-friendliness, and energy-friendliness (Bera & Nag, 2022; Henderson et al., 2020). 
These may help minimize the adverse impacts on the environment and improve human health, 
comfort, safety, and enhance energy efficiency (Nag, 2019; Zr & Mochtar, 2013). Research evi-
dence (Bal & Matzarakis, 2022; Bazzato et al., 2021; Bera & Nag, 2021; Bera & Nag, 2022; 
Bhamare et al., 2020; Liu et al., 2020; Mohammadi et al., 2018; Subhashini & Thirumaran, 2018; 
Watson, 2020) are overwhelming to elucidate effectiveness bioclimatic concepts in building and 
landscape designs and human comfort. Appropriate design intervention makes buildings comfort-
able with a due understanding of the regional climate and implementing passive design practices, 
such as natural ventilation, day lighting, passive heating and cooling, and using suitable local 

Citation: Bera, M.; Nag, P. K.; Das, S. 

Quantification of Bioclimatic  

Performance of Rural Coastal Low-Cost 

Dwellings in the Sundarbans.  

Agricultural & Rural Studies, 2023, 1, 

0015. 

https://doi.org/10.59978/ar01030015 

Received: 27 October 2023 

Revised: 11 November 2023 

Accepted: 18 November 2023 

Published: 22 November 2023 

Publisher’s Note: SCC Press stays neu-

tral with regard to jurisdictional claims in 

published maps and institutional affilia-

tions. 

Copyright: © 2023 by the authors. 

Licensee SCC Press, Kowloon, Hong 

Kong S.A.R., China. This article is an 

open access article distributed under the 

terms and conditions of the Creative 

Commons Attribution (CC BY) license 

(https://creativecommons.org/licenses/b

y/4.0/). 

mailto:beramahadev1990@gmail.com
mailto:pranabnag@yahoo.com
mailto:sumanta.das@uq.net.au
https://orcid.org/0000-0002-3051-610X
https://orcid.org/0000-0002-6573-2902
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


A&R 2023, Vol. 1, No. 3, 0015 2 of 15 
 

building materials for thermal storage (Attia et al., 2019; Loftness, 2020; Semahi et al., 2019; Zahiri 
& Altan, 2020; Zhen et al., 2016). 

Attia et al., (2019) developed a bioclimatic analysis tool to identify proper bioclimatic design 
strategies for hot and humid climatic zones based on temperature and humidity levels. In addition, 
the identification of suitable passive design strategies in the specific climatic zone is based on tem-
perature, relative humidity, wind speed, and rainfall (Hwang & Chen, 2022; Putra et al., 2022). 
Furthermore, the bioclimatic design strategies influence the building’s environmental performance 
such as improving indoor thermal comfort, indoor environmental quality, and energy efficiency 
(Aghimien et al., 2022; Chandel et al., 2016). Few studies highlighted the various tools for evalu-
ating the bioclimatic design strategies in specific climatic regions such as Givoni and Olgyay bio-
climatic charts as well as Mahoney tables and ASHRAE standard 55 (Tamaskani Esfehankalateh 
et al., 2022). Bera and Nag (2022) highlighted the assessment of the bioclimatic design of low-cost 
rural dwellings based on the surrounding environment, indoor environment quality, residential 
health, energy consumption, building design and materials use, and building innovation. Table 1 
shows a summary of the quantification of the bioclimatic performance of the buildings based on 
various parameters across different regions.  
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Table 1. Studies on the assessment/identification of bioclimatic design strategies of the built environment in 
different regions. 

Study description Research aim Parameters used Regions References 

Identification of biocli-
matic design of low-
cost rural dwellings. 

To identify the passive 
design strategies to 

achieve the maximum 
thermal comfort and 

energy efficiency in the 
buildings. 

Site and location; energy 
consumption; health and 
safety; building materials 

and innovation. 

India (Bera & Nag, 2022) 

Assessment of biocli-
matic design strategies 
based on Mahoney ta-
ble in Esfahak village. 

To investigate the pos-
sible relationship be-

tween climatic charac-
teristics and the built 
environment of Esfa-
hak, a village located 

in the hot desert region 
of Iran. 

Use of Mahoney table 
based on different cli-

matic parameters such as 
Temperature, Relative 

humidity, Rainfall 

Hot desert region, 
Iran (Hosseini, 2022) 

The affordability of en-
ergy determines the 

sustainability of build-
ing-integrated biocli-

matic design solutions. 

This study investigates 
how climate factors 

and energy affordabil-
ity levels relate to the 
use of bioclimatic de-

sign techniques. 

Climatic conditions, 
gross domestic products, 

and electricity prices 
Use of simulation tools- 
EnergyPlus, SketchUp, 

Meteonorm 

hot climates (Doha 
and Timbuktu) 

(Elaouzy & El Fadar, 
2023) 

Identify the architec-
tural design strategies 
for the dwellings of 

low-income people un-
der bioclimatic criteria 

in Monte Sinahí, at 
Guayaquil. 

 

To find out the appro-
priate bioclimatic de-

sign strategies for low-
cost dwellings of 

Monte Sinahí. 

Architectural morphol-
ogy, urban form, building 
elements, and solar and 
wind flow control de-

vices 

Monte Sinahí, 
Guayaquil (Forero et al., 2020) 

Assessment and identi-
fication of bioclimatic 
architectural strategies 
for the building design 
of the tropical climatic 

zone. 

To identify and evalu-
ate the proper biocli-

matic design strategies 
based on the guidelines 
proposed by Givony, 
and Olgyay, among 

others. 

Use of dynamic simula-
tion software Design-
Builder to evaluate the 

building’s passive strate-
gies based on operative 
temperature, relative hu-
midity, PMV, PPD, and 

discomfort hours. 

Tropical climatic re-
gion of Panama 

(Austin et al., 2020) 

Assessment of the cool-
ing potential of differ-

ent passive design strat-
egies using the biocli-

matic aspects. 

To develop an analysis 
tool for the evaluation 
of the cooling potential 
of different passive de-
sign strategies for dif-

ferent climatic zones of 
India. 

Bioclimatic chart 

18 cities of India of 
different climatic 

zones such as hot-dry, 
hot-humid, temperate, 
cold, and composite 

(Bhamare et al., 2020) 

Relevance exists in adopting the concept of bioclimate to building environmental performance 
rating systems. The bioclimatic strategies include the optimum use of natural energy sources, re-
ducing the need for artificial sources of energy, and promoting natural ventilation to avoid the need 
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for air conditioning for cooling (Elaouzy & El Fadar, 2023; Xhexhi, 2023). In addition, bioclimatic 
design strategies are a crucial architectural approach to improve indoor thermal comfort, and energy 
efficiency, and reduce buildings’ carbon footprint (Bera & Nag, 2021; Elaouzy & El Fadar, 2022; 
Gupta et al., 2023). Various national and international green building rating systems (e.g., 
BREEAM, LEED, HQE, DGNB, CASBEE, Green Globes, SBTool, and other national schemes) 
apply to different built environments, including residential settings (Nag, 2019; Pontes et al., 2022). 
Depending on the criteria and assessment maturity, the performance rating schemes have their rel-
ative presence in building accreditation across the countries. The national and international building 
rating system depends on different criteria, such as site and location, health and safety, energy 
efficiency, indoor environmental quality, water efficiency, building materials, innovation like rain-
water harvesting, use of green energy, etc. (Assefa et al., 2022; Braulio-Gonzalo et al., 2022; Menna 
et al., 2022).  

Furthermore, no national or international organization has yet published any guidelines crite-
ria, and ratings to evaluate the building environmental performance of low-cost rural dwellings. 
Scope remains in exploiting the rating systems for evaluating the environmental performance of 
low-cost dwellings in rural coastal settings. Dwellings in coastal regions of eastern India are tor-
nado and flood-prone, bringing devastation every consecutive year. The present field-based study 
evaluated indoor environmental quality, thermal comfort, energy efficiency, and passive designs of 
the low-cost coastal dwellings of the stated regions.  

The study aims to develop a comprehensive assessment of the environmental/bioclimatic per-
formance of coastal, rural low-cost settings concerning national and international rating systems. 
The study included different parameters associated with building environmental performance rating 
systems to assess the bioclimatic and environmental performances of coastal and rural seaside 
dwellings. The components are (a) site and location, (b) energy consumption and efficiency, (c) 
health and safety, (d) building materials, and (e) building innovation in indoor and outdoor envi-
ronments. Based on the above parameters, the study focused on standardized scoring and assess-
ment of rural settings of the dwellings in the aspects of bioclimatic performance. This is a maiden 
attempt at the quantification of rural coastal dwellings from the bioclimatic perspective. 

2. Materials and Methods 
2.1. Site Selection and Study Area  

The study focuses on the quantification of the bioclimatic performance of low-cost rural 
coastal dwellings of Sundarban. Primarily, South 24 Parganas district was selected for the study 
and considered four coastal blocks such as Patharpratima (21.7941°N, 88.3555°E), Kakdwip (21° 
52' 59.88" N, 88° 10' 59.88" E), Sagar (21°39' 10" N, 88°04' 31" E) and Mathurapur-1 (22° 07' 13" 
N, 88° 23' 39" E) (Figure 1). Approximately 10 million people live in the study area, which is 
dispersed over 29 blocks with isolated rural, rural, and semi-urban environments. Of the country, 
mangrove cover makes up around 42% of this region. The four village blocks included in the study 
all have mostly hot and humid climates. Every year, temperatures are measured to be as high as 
40°C and as low as 10°C. In the region, the monsoon season which includes mid-June to mid-
September, receives around 75% of the annual rainfall, or about 140 cm on average (Bera & Nag, 
2022). A majority of the rural populations in this region reside in low-cost dwellings made up of 
earthen materials, such as mud, wood, mud mixed with straw, etc. (Figure 2).    

 

 
Figure 1. Location map of the study area. 
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Figure 2. Low-cost dwellings of the rural, coastal Sunderbans region in India.  

2.2. Field Survey and Primary Data Collection  
The bioclimatic components of remote rural, rural, and semi-urban community dwellings 

from 97 checkpoints of the selected blocks (Patharpratima, Kakdwip, Sagar, Mathurapur-I) under 
coastal households setting in the Sundarban region of West Bengal state in Eastern India were 
evaluated using a field-based questionnaire survey from 1332 individuals across the year. The 
questionnaire was designed meticulously to compare dwellers’ perceptions across seasons and 
study sites (remote rural, rural, and semi-urban settings). Random sampling was followed to collect 
the primary questionnaire survey data from a diversified, widespread location of 97 checkpoints 
within the study area. The selection of parameters for assessing the environmental performance of 
rural houses mainly aligns with internationally recognized building rating systems, including IGBC, 
LEED, BREEAM, and national building codes (GRIHA, India). The questionnaire survey sheet 
consists (Table S1) of information about the surrounding environment, the design of the built 
environment, energy consumption, health and safety (including indoor environmental quality and 
thermal comfort), building material, and building innovation due to selected parameters influence 
the bioclimatic dimension of the built environment. The residents of dwellings responded about 
their perception and satisfaction based on POE (Post-occupancy evaluation) (Khalil & Husin, 2009). 
Data were gathered by a standardized single-digit score on a five-point Likert scale (Likert, 1932), 
referred to as strong disagreement (1) to a strong agreement (5) to a defined requirement and 
condition. The analysis consists of an approach to quantitatively determine the balance between 
climatic conditions and the built environment, considering the necessity of the dwellers’ health and 
safety and architectural and technological solutions (Amiri et al., 2020; Madhumathi & Sundarraja, 
2014; Mohammadi et al., 2018; Nag, 2019). Furthermore, Table 2 depicts the methodology and a 
comprehensive criterion for scoring the parameters. 
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Table 2. Parameters for bioclimatic analysis and scoring methodology.  

Parameters Scoring criteria 

Site and location 

Transportation  
(Local transportation - bicycle stand, green vehicle 
motor van stand) 
(Long-distance transportation - bus stand, railway sta-
tion)  

The score (1 to 5) depends on the distance from the house, where 1 
(minimum) represents non-availability, that is, less human-friendly to 
residents, and 5 (maximum) indicates nearby, which is most human-
friendly.  

Surrounding area  
(Building surroundings - watershed, green area, out-
door space) 
(Area surroundings -construction activities, bazaar, 
schools/colleges) 

The score (1 to 5) is based on availability and distance, where 1 (min-
imum) represents non-availability or absence, and 5 (maximum) indi-
cates nearby and more influence on the resident’s lifestyle.  

Settlement 
(Housing settlement,  
cluster settlement) 

The score (1 to 5) is based on the impact of settlement on the environ-
ment, 1 represents a more negative impact (less eco-friendly), and 5 
indicates no or less impact (most eco-friendly).  

Building design 
(Type of building, window, roof and inner design, 
kitchen, outer design)  

The score (1 to 5) is based on the impact of the built facility on the 
environment, health, safety and comfort; 1 (minimum) indicates less 
eco-, human-, and energy-friendliness; 5 (maximum) represents most 
eco-, human-, and energy-friendliness.  

Energy efficiency 

Indoor environmental conditions 
(Air movement, natural ventilation, and sunlight pene-
tration) 
Resident’s behaviour and satisfaction  
(Use of light and fan in the daytime, electricity ex-
pense, awareness about the misuse of electricity, and 
use of solar energy) 
Use of cooking fuel or aids 
(Cow dung cake, firewood, LPG, kerosene stove, etc.) 

The energy efficiency includes (a) environmental conditions, (b) resi-
dents’ behaviour and satisfaction, and (c) use of the cooking fuel or 
aids. The comprehensive score of the section (1 to 5) relates to resi-
dents’ perception and satisfaction, where 1 (minimum) indicates 
strongly disagree or dissatisfied, whereas 5 (maximum) explains 
strongly agree or satisfied.  
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Table 2. Cont. 

Parameters Scoring criteria 

Health and Safety 
Indoor environmental quality  
(Visual comfort, acoustic comfort, cleanliness, 
smell/odor, indoor thermal comfort, indoor air quality, 
indoor work productivity) 
 
Heat-related illness  
Sick building syndrome (SBS) 

The section includes (a) indoor environmental quality, (b) heat-re-
lated illness, (c) SBS, and (d) thermal and humidity sensation and 
preference votes. A comprehensive score (1–5) is based on residents’ 
perceptions and satisfaction, ranging from strongly disagreeing or 
dissatisfaction (score 1) to strong agreement with satisfaction (score 
5).  
For heat-related illnesses and SBS syndrome, a score (1–5) is based 
on perception; a score (1) would indicate the absence of the problem 
(not at all). A score (5) relates to the presence of the problem (very 
much so).   

Building material 
Floor, wall, and roof  
(Type and materials of floor and wall, roof, and parti-
tion materials) 
Door, window, and ceiling 
(Materials of door, window, glaze of window, and 
ceiling) 
Recycling, reuse, and waste management 

The score (1 to 5) depends on the impact on the environment (eco-
friendliness) and energy efficiency (energy-friendliness), where (1) 
corresponds to the minimum score that is less eco-friendly and en-
ergy-friendly. In contrast, a score (5) indicates the most eco-friendly 
and energy-friendly.    

Building innovation 

(Garden, insulation, sanitation, and building envelope) 
 

The score (1 to 5) refers to the occupants’ perception; 1 indicates less 
eco-friendly, human-friendly, and energy-friendly; 5 relates to most 
eco-friendly, human-friendly, and energy-friendly.  

2.3. Statistical Analysis 
All statistical analyses were performed using the IBM® SPSS® software platform on both 

the original data and generated variables. The integrated upper 95% confidence limit value of five 
category parameters (site and location, energy efficiency, health and safety, and building innovation) 
was calculated to quantify the maximum and minimum total score for analyzing the building envi-
ronmental performance of low-cost coastal dwellings in the bioclimatic aspect’s dimensions. In 
addition, Cronbach’s alpha reliability testing was performed to evaluate the internal consistency or 
reliability of the interactions among different bioclimatic components used in this study. Stated 
differently, the degree to which a measurement consistently captures an idea is its dependability, 
and one way to gauge this level of consistency is by the use of Cronbach’s alpha (α). 

3. Results 
The perception and scoring of bioclimatic components by dwellers varied based on the area, 

type, and characteristics of the dwellings. The villagers’ perception response of 97 different check-
points and the dwelling characteristics parameters were presented in subsets of parameters based 
on different parameters of remote rural, rural, and semi-urban dwellings as stated above in Table 2. 
The statistical analysis of the subsets showed (Table 3) an upper confidence limit of 95%. For 
instance, local transportation has three parameters with the lowest and highest scores of 3 (1x3) and 
15 (3x5). The upper 95% confidence limit is 12 out of 15, and 8 out of 10 as normalization against 
the unity score of 10. However, compared to long-distance transportation, which has two parame-
ters with the lowest and highest scores of 2 and 10, the normalization score is 4 due to the unavail-
ability and partial availability of rural and semi-urban areas. The highest and lowest scores of 
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building surroundings are 3 (1x3) and 15 (5x3), having 10.8 of the upper 95% confidence limits (7 
is the normalization value against a unity score of 10). In contrast, area surroundings have a score 
of 8 out of 10 as the upper value of 95% confidence limit. Types of settlement have two parameters 
with the lowest and highest scores of 2 (1x2) and 10 (5x2), and 7 is the upper value (normalization 
against a unity score of 10). The total of 12 parameters under the building design has an upper value 
of 95% confidence limit of 8, 8, 6, 5, and 7 out of 10. Furthermore, 16 parameters were considered 
under energy efficiency evaluation, and the upper values of 95% confidence limits are 7, 6, and 5. 
Similarly, 40 parameters under health and safety have values for 95% upper confidence limits of 8, 
6, 5, 8, 5, and 5 accordingly. In addition, 13 parameters are included under building materials, and 
scores are 6, 8, and 7 out of 10 accordingly. Only 4 parameters are considered under building in-
novation and have a limit of upper 95% confidence limit of 6 (normalization against a unity score 
of 10) (Table 3). As the number of parameters differs in each subset, a normalization of the upper 
confidence limit was applied against a unity score of 10. Thus, the integrated total upper 95% con-
fidence limit value of 285 of five categories was rounded to a normalized value of 150, with the 
relative influence of subsets of characteristics for different types of dwellings, categorized as re-
mote rural, rural, and semi-urban. 

Figure 3 depicts household communities’ relative weightage (%) of different bioclimatic pa-
rameters. The availability of local transportation facilities is highest in rural communities compared 
to other communities due to the availability of bicycle stand, green vehicle, and motor van stand, 
whereas long-distance transportation facilities are available in semi-urban areas due to the presence 
of a railway station and bus stand. Various building design parameters in different household com-
munities are highlighted in Figure 3 influenced by economic conditions, lifestyle, and community 
structure. The indoor environmental conditions of remote rural areas are higher than other commu-
nities due to natural ventilation, sunlight penetration, etc. Moreover, various comforts such as visual, 
acoustic, thermal, cleanliness, and human health-related disorders vary with different communities 
due to building structure, outdoor environment, etc. Building materials and innovations also vary 
with the household communities. This analysis indicates that the building’s environmental perfor-
mance in the bioclimatic dimension varied with the household communities. The composite scoring 
and the relative coverage of the enclosed graphical area helped compare the bioclimatic perfor-
mance of houses of similar community environments.  
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Table 3. Normalized scoring of bioclimatic parameters for evaluation and comparison of rural coastal dwell-
ings.  
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Site and location 

Transportation Local transportation (3 parameters - bi-
cycle stand, green vehicle, motor van 
stand) 

12 8 5.4 

Long-distance transportation (2 parame-
ters - bus stand, railway station)  

4.4 4 2.6 

Surrounding area Building surroundings (3 parameters - 
watershed, green area, outdoor space) 

10.8 7 4.7 

Area surroundings (2 parameters – con-
struction, bazaar, educational institute) 

7.7 8 5.3 

Settlement Settlement (2 parameters - housing set-
tlement, cluster settlement) 

6.8 7 4.6 

Building design Type of building (2 parameters - form 
and layout of building) 

8.4 8 5.4 

Window (3 parameters - location, open-
ing, and design of window) 

11.2 8 5.3 

Roof and inner design (3 parameters - 
roof, corridor, staircase) 

8.6 6 4.0 

Kitchen (2 parameters - kitchen pattern 
and chimney use) 

4.7 5 3.3 

Outer design (2 parameters – farm-
house/cattle shed, toilet)  

7.2 7 4.0 
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Table 3. Cont. 
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Energy efficiency 

Indoor environmental con-
dition  

Indoor environmental conditions (4 pa-
rameters - air movement, indoor ventila-
tion, residents satisfied with air move-
ment, sunlight penetration) 

14.1 7 4.6 

Residents’ behavior and sat-
isfaction 

Residents’ behavior and satisfaction (4 
parameters - use of light and fan in the 
daytime, expense of electricity, use of 
solar energy, awareness about the mis-
use of electricity) 

11.5 6 4.0 

Cooking fuels Cooking fuels (8 parameters - LPG, 
coal, cow dung cake, dry leaf, kerosene 
stove, firewood, gul (cooking fuel), oth-
ers) 

20.3 5 3.4 

Health and Safety 

Indoor environmental qual-
ity 
  

Visual comfort (3 parameters - natural 
day lighting, artificial lighting, and the 
overall quality of lighting) 

12.3 8 5.4 

Acoustic comfort (2 parameters - noise 
or vibration and the overall quality of 
noise control) 

6.4 6 4.0 

Cleanliness and smell (6 parameters - 
level of cleanliness, the smell from 
drainage or sewer, dumping ground, 
cow dung, chemicals, smoke in the 
room during cooking) 

13.3 5 3.4 

Indoor quality (3 parameters - thermal 
comfort, air quality, work productivity) 

12.4 8 5.4 

Heat-related symptoms Heat-related symptoms (18 parameters) 39.9 5 3.4 

Sick building syndrome Sick building syndrome (8 parameters)  16.9 5 3.3 
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Table 3. Cont. 
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w
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) 

Building material 

Floor, wall, and roof Floor, wall, and ceiling (6 parameters - 
type and materials of floor and wall, 
roof and partition materials) 

17.7 6 4.0 

Door, window, and ceiling Door, window, and ceiling (4 parame-
ters - materials of door, window, glaze 
of window, ceiling) 

15.7 8 5.3 

Recycling and reuse, waste 
management 

Materials recycling and reuse, types and 
waste management facility (3 parame-
ters)  

9.7 7 4.5 

Building innovation 
 

Building innovation (4 parameters - gar-
den, insulation, sanitation, building en-
velope) 

12.6 6 4.0 

Total   285 150 100 
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Figure 3. The relative weightage (%) of various bioclimatic parameters of remote rural, rural, and semi-urban 
dwellings.  

4. Discussion 
Previous studies reported guidelines for implementing green building concepts in large resi-

dential complexes, particularly in urban areas (De Masi et al., 2021; Doan et al., 2017; Faqih & 
Zayed, 2021; Nag, 2019). However, there is a knowledge gap in our existing understanding of the 
characterization of low-cost rural dwellings. This maiden endeavor explores bioclimatic elements 
of impoverished low-cost homes, with a representative analysis of coastal houses in Eastern India. 
The poor socioeconomic backgrounds of the households primarily determine the nature and struc-
ture of the settlements in the studied rural settings. Based on sample surveying, the perception 
response of the villagers and the performance characteristics of the dwellings were evaluated by 
normalization of weightage of different subsets of parameters of dwellings. A large matrix of pa-
rameters comprising 1332 households and 97 checkpoints was clustered into 23 subsets for differ-
ent categories of homes. The analysis yielded some differences in internal consistency, as reflected 
in Cronbach’s alpha reliability testing of 23 subsets. The reliability coefficients of room window 
features (location, opening, and design), cleanliness and smell, materials of the door, window and 
ceiling, sick building syndrome, settlement, building innovation, heat-related symptoms, transpor-
tation, acoustic and visual comfort, indoor environmental condition, ranged between α = 0.499 and 
0.859. The reliability level of Cronbach alpha (α) value was classified as 0.0–0.20 (less reliable), > 
0.20–0.40 (rather reliable), > 0.40–0.60 (pretty reliable), > 0.60–0.80 (reliable), and > 0.80–1.00 as 
‘very reliable’ (Wahyudi, 2016). Hence, our analysis indicates a pretty reliable (α = 0.49 to 0.6), 
reliable (α = 0.6 to 0.8), and very reliable (α > 0.80) outcomes of the interaction between different 
components as stated above. Despite a consistent ‘reliable’ to ‘very reliable’ α obtained for most 
of the parameters and their interactions, very few ‘pretty reliable’ α values for some of the param-
eters might have resulted from the heterogeneous construct of the checkpoint or exogenous factors, 
such as site or location and/or seasonal variations. Overall, this study successfully quantifies the 
bioclimatic performance of low-cost coastal rural dwellings. This may help develop building reg-
ulations or guidelines for the passive design of dwellings in rural coastal regions of India. 

The primary aim of the bioclimatic design strategy is to mitigate the impact of climate change 
on occupants of indoor environments (Bera & Nag, 2022). The passive design strategies of the 
buildings are based on the local climate, and surrounding environment to improve the quality of 
the indoor built environment, energy efficiency, and thermal comfort (Bera & Nag, 2022). This 
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study highlighted the different criteria of individual parameters for the assessment of building en-
vironmental performance in the bioclimatic dimension and developed the composite scoring to 
evaluate the bioclimatic parameters of the built environment of the different climatic regions. As 
stated, the prevailing environmental performance ratings systems have their application domain 
primarily to the well-structured built environment of geographical priority. The present contribu-
tion brought out a comprehensive evaluation of bioclimatic aspects of low-cost dwellings and ac-
cordingly suggested an approach to scoring components (design strategies, indoor environmental 
quality, thermal comfort, and energy efficiency). The premise of the evaluation is to ascertain (a) 
the impact of the dwellings on the environment and related components (eco-friendly), (b) human 
health, safety, and comfort (human-friendly), and (c) the energy efficiency of the dwelling structure 
(energy-friendly). Large-scale validation of the suggested evaluation process and scoring of biocli-
matic dimensions may further evolve a new quantitative approach to rating the performance of a 
rural built environment. 

In addition, ensuring the safety of low-cost coastal dwellings is of utmost importance, espe-
cially in areas prone to natural disasters such as floods, cyclones, storm surges, tornados, and tsu-
namis (Zisan et al., 2013). To mitigate the risks associated with coastal living, certain safety 
measures can be incorporated into low-cost coastal dwellings. These measures include: (a) using 
durable and weather-resistant materials that can withstand the corrosive effects of saltwater and the 
impact of high winds, (b) designing the dwelling with proper ventilation to reduce the risk of mold 
growth in humid coastal environments, (c) opting for simple and streamlined architectural designs 
to minimize wind resistance and reduce the risk of structural damage during storms, (d) implement-
ing effective drainage systems to manage heavy rainfall and prevent water accumulation around 
the dwelling, (e) establishing community-based early warning systems to alert residents about ap-
proaching storms, allowing them to evacuate promptly, and (f) ensuring adequate airflow to help 
dry out the building after flooding.  

Coastal areas are vulnerable to climate change and need affordable and durable housing solu-
tions. Research in this area is crucial to finding innovative and sustainable solutions for low-cost 
coastal dwellings. This research should address the unique challenges posed by coastal environ-
ments and contribute to overall resilience in the face of climate change. Some recommendations 
for future research are given below: 
• Develop building materials that are low-cost, climate-responsive, and capable of withstanding 

saltwater exposure, high winds, and storm surges. 
• Explore innovative materials that offer both durability and environmental benefits such as 

bamboo, recycled plastics, or sustainable composites.  
• Implement passive design strategies that optimize natural ventilation, day lighting, and ther-

mal performance to reduce the reliance on energy-intensive climate control systems. 
• Integrate renewable energy systems, such as solar panels, wind turbines, or tidal energy, to 

power low-cost coastal dwellings. Research ways to make these systems more affordable, 
accessible, and adaptable to diverse coastal environments. 

• Use ecological infrastructure, such as mangrove restoration, dune stabilization, and wetland 
preservation, as natural buffers against coastal erosion and storm impacts. 

• Explore landscaping and green roofing options that enhance the aesthetics of low-cost coastal 
dwellings. 

• Promote community engagement in the design and construction processes to ensure that local 
knowledge and needs are considered. 

• Integrate traditional building techniques and indigenous knowledge into modern, low-cost 
coastal dwelling solutions. 

• Advocate for policy frameworks that incentivize the adoption of sustainable and resilient 
building practices for low-cost coastal dwellings. 

• Modify or enhance existing policies to promote eco-friendly coastal housing initiatives. 

5. Conclusions 
This study provides a scoring criteria-based quantitative approach to evaluate bioclimatic 

components of coastal rural dwellings, including remote rural, rural, and semi-urban low-cost 
houses of coastal regions of the Sundarbans, eastern India (West Bengal). The bioclimatic aspects 
are associated with building environmental performance, such as energy efficiency, thermal com-
fort, and indoor environmental quality. The proposed scoring process and evaluation criteria may 
demand emendation with regions (like urban environment) and building types (commercial, office, 
industries). Overall, this study significantly addressed the bioclimatic performance i.e., eco-human-
energy friendliness of low-cost coastal rural dwellings, which may be useful to develop strategies 
or building codes for the passive design of rural dwellings in the coastal areas of India. This method 
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and analysis in this study may extend the evaluation of dwellings’ environmental performance in 
other coastal regions based on the selected criteria. 

Supplementary Materials: The following supporting information can be downloaded at: https://sccpres
s-my.sharepoint.com/:b:/p/travismalone/EWQCWdvaTFdBn5_uuFwG6yYBSzaP1NSUsvm-PE2f4Uid5Q?e
=Rox5sr&download=1, Table S1: Design of the questionnaire datasheet for the perception survey of the
 dwellers. 
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