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10 Abstract

11 In recent years, there is a renewed interest towards the passive cooling features of ancient building architectures, which are cost effec-
12 tive, eco-friendly and best suited for the local climate. On the other hand, the modern construction materials, such as cement and steel,
13 are highly durable. Thermal comfort of eight vernacular buildings that use modern construction materials to improve the structural dura-
14 bility was monitored in July 2014. The buildings are located in Hyderabad, India. They have many passive cooling features that include
15 air cavities in the structures to reduce heat transfer, high thermal mass to reduce temperature fluctuation and induced ventilation to
16 remove heat from the indoor. All the passive cooling features investigated were found to have an appreciable influence on the thermal
17 comfort of the indoor space. The ventilated air gaps in the roof reduced the average temperature of the roof interior surface by 1.2 �C.
18 The diurnal temperature fluctuation of the indoor air reduced by 0.9 �C in a building with a higher thermal mass compared to a building
19 with thin walls and roof. All the eight buildings were found to be comfortable most of the time with a slight discomfort during late night
20 and morning hours. The maximum CO2 recorded was 550 ppm. This indicates that the buildings were adequately ventilated.
21 � 2017 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
22

23 Keywords: Thermal comfort; Traditional building; Passive cooling; Modern construction materials; Building architecture; Energy conservation
24

25 1. Introduction

26 1.1. Need for a blend between local and modern construction

27 materials

28 Construction techniques have evolved continuously
29 from cave dwellings to modern high-rise buildings. Tradi-
30 tionally, buildings are constructed with locally available

31materials like stone, wood, mud and lime. In recent years,
32modern construction materials such as cement and steel
33have replaced most of the local materials, due to the high
34durability, low maintenance, low likelihood of corrosion
35and decay, and ease of construction of the former. How-
36ever, modern construction materials are energy intensive
37and eco-destructive. The cement industry accounts for 2%
38of the global energy consumption and 5% of the global
39anthropogenic CO2 emission (Worrell, 2014). The embod-
40ied energy in the modern buildings is 10–20% of its lifetime
41energy consumption (Deepak et al., 2014). In addition, the
42higher cost of the modern construction materials increases
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43 the capital cost of the buildings. Therefore, buildings con-
44 structed with a predominant use of the local materials and
45 a judicious use of the modern construction materials would
46 be not only cheap but also durable.

47 1.2. Thermal comfort in vernacular architecture

48 Another important factor to consider during the con-
49 struction of a building is the thermal comfort of the indoor
50 space. However, in the past few decades, the thermal per-
51 formance of the building is not considered during the
52 design and construction phase. This results in buildings
53 with a poor thermal performance. After the building is con-
54 structed, the indoor thermal comfort is achieved using
55 mechanical air-conditioning systems that are not only
56 energy intensive but also eco-destructive. This was not
57 the case before the advent of the modern air-conditioning
58 systems. Thermal comfort was achieved by designing the
59 building to suit the local climatic conditions. For example,
60 in hot regions, buildings were constructed with low ventila-
61 tion to prevent discomfort from the infiltration of the hot
62 outdoor air. In dry regions, the temperature fluctuation
63 of the outdoor air is high. Hence, the buildings were con-
64 structed with a high thermal mass to reduce the tempera-
65 ture fluctuation of the indoor space. In warm and humid
66 tropical regions, the ventilation in the indoor space was
67 maintained high with wide building openings (windows
68 and doors) facing the predominant wind direction, whereas
69 the thermal mass of the building was low to avoid evening
70 discomfort from the stored heat. In solar-intensive regions,
71 the dome structured roofs were used to reduce the solar
72 heat gain, as they provide self-shading and reduce the sur-
73 face area to volume ratio.

74 1.3. Local Need for cheap, comfortable and durable dwelling

75 Rapid urbanization in India has increased the housing
76 need in cities. In urban locations, the government provides
77 housing to the poor, particularly during relocation of
78 slums, to facilitate infrastructure development. It is esti-
79 mated that the Indian government has constructed a stag-
80 gering 13,000,000 houses in rural and urban locations and
81 still 15,000,000 are estimated to be homeless (Reddi and
82 Joglekar, 2005). In general, the houses provided by the
83 government are not only small due to the high cost of

84the modern construction materials but also thermally
85uncomfortable due to the undesirable thermal characteris-
86tics of the construction material. Hence, a switch to the tra-
87ditional architecture styles that have passive cooling
88features (Hatamipour and Abedi, 2008) and are cost-
89effective is considered. The traditional architecture would
90also improve local employment, as it is labour intensive.
91This would provide employment to the migrant workforce.
92In addition, the use of locally available materials would
93strengthen the local economy and results in a milder impact
94on the environment. However, vernacular architecture with
95pure local construction materials is less durable. Hence,
96new architecture with a blend of vernacular architecture
97(for passive cooling), local materials (for cost reduction
98and local employment) and modern materials (for struc-
99tural strength) is developed.

1001.4. Literature review

101Passive cooling features of vernacular architecture have
102been extensively researched in recent years. Passive cooling
103can be broadly classified into heat prevention, heat modu-
104lation and heat dissipation.
105Shading, thermal insulation, building orientation and
106glazing are a few heat prevention/reduction strategies.
107Zaki et al. (2012) simulated a conventional terraced house
108and found that the house would require mechanical air-
109conditioning for 24 h on a hot summer day. However,
110incorporating passive architecture like insulating roof and
111walls, adding shading devices to windows and orienting
112the building and windows in the best direction would
113reduce the mechanical air-conditioning requirement to
1148.5 h. The potential of shading devices to reduce cooling
115demand is reported to vary from 10% to 50% (Prieto
116et al., 2017). In general, lower savings are reported for
117the buildings with a lower window–wall ratio. Use of lou-
118vers in a fully glazed building in Santiago, Chile, reduced
119the cooling demand by 54% (Pino et al., 2012). A 30%
120reduction in the primary energy demand (cooling and light-
121ing load) was achieved by optimizing the design of shading
122device using a genetic algorithm (Manzan, 2014). In a trop-
123ical climate, solar heat gain through the roof was reduced
124by 63% using hollow clay tiles with a provision for ambient
125air to flow through it (Vijaykumar et al., 2007). Use of light
126colour paints (Suehrcke et al., 2008) and deciduous creeper

Nomenclature

tn neutral temperature, �C
trm exponentially weighted running mean of out-

door temperature, �C
t�1
od diurnal mean outdoor temperature of the previ-

ous day, �C

t�2
od diurnal mean outdoor temperature of the day

before and so on, �C
x constant for response speed (varies from 0 to 1,

recommended value 0.8)
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