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Abstract. Climate-resilient buildings in Palestine can play an important role in a more
sustainable residential building sector. This paper aims at evaluating the effects of adopting
architectural design strategies and material technologies from vernacular architecture to create
a new climate-resilient building. The paper targets single houses as these represent the majority
of residential buildings in suburban and rural areas, and are similar to the vernacular
architecture in size and functionality. The EDSL Tas simulation tool was used to assess the
thermal performance and energy savings in the proposed model compared with traditional
houses and modern typical houses, in two different climatic zones. The proposed climate-
resilient house has materials and design strategies derived from vernacular architecture, in
addition to the use of thermal insulation. The results show that the proposed house is more
climate-resilient compared to modern houses. In cold winter and hot summer climates, the
proposed model presents a total annual heating and cooling energy consumption of 59% less
than typical modern houses, and 5% more than old buildings. In hot arid summer and warm
winter climates, the proposed house presents a total annual heating and cooling energy
consumption of 58% less than a modern typical house and 8% more than the traditional house.

1. Introduction
Energy consumption in residential buildings in Palestine is exceeds that of other buildings as well as that
of industry and transportation. In 2018 households were responsible for 45% of the total energy
consumption followed by transportation (38%), other building sectors (10%), industry (6%) and
agriculture (1%) [1, 2]. Despite the higher percentage of energy consumption in residential buildings in
Palestine, building thermal performance and energy efficiency measures are not sufficiently endorsed
[3]. The housing sector is growing fast due to increased urbanization and population growth, but these
rabid developments focus on issues like cost, household size, and aesthetics rather than climate-
responsive and climate-resilient solutions [4]. When improving climate resilience for residential
buildings, a balance needs to be found between competing approaches focusing on aspects like energy
efficiency, thermal comfort, and economic operation [5]. Barakat et al. 2004 analyzed housing problems
in Palestine by focusing on the obstacles to urban reconstruction in the period 1993-2000. The paper
assessed the experience of the Palestinian housing council in terms of cost, thermal performance, and
architectural design solutions, then provided recommendations for improving the housing sector,
focusing on the function of the housing council and its operational mechanism, rather than energy
efficiency and climate resilience [6].

Climate-resilient buildings have become a substantial step towards a more sustainable future.
Vernacular architecture can be inspirational to close the gap for thermal performance in residential
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buildings, especially for single houses. Alekcis et al. 2016 reviewed various types of residential building
responses to global disasters caused by climate change. The study found that exploiting the existing
buildings will help to create an identity for new houses that can withstand the future climate change
consequences [7]. Integrating traditional building design strategies and material properties, such as
building outline, space ratio, windows, walls construction materials and thickness, roof construction
detailing into current architectural practice can improve the climate resilience of residential buildings [8].
Historic houses were adapted to their local climates employing climate responsive strategies [9]. A
comparison between traditional and modern houses in the sub-Saharan climate shows that 60 — 70% of
inhabitants felt comfortable in traditional houses in hot and dry summers, compared to 20% of
inhabitants in modern houses [10]. The courtyard space in traditional architecture can be adopted for
future houses as it plays a crucial role in enhancing a house’s sustainability, by providing a comfortable
thermal environment, solar protection and privacy [11]. In order to create more sustainable contemporary
buildings, vernacular Palestinian architectural design strategies can be introduced in the design of new
buildings [12]. Alatawneh & Germana proved that earth could be a good alternative material for building
envelopes that follows the sustainability dimensions, social and economic contexts, and can be used as a
solution to housing problems in Palestine [13]. Studies on extracting techniques from traditional
architecture are increasing in many countries around the world, as it is thought that this will drive
contemporary architecture towards sustainability. Historically, the traditional architecture has met many
of the needs that are no longer met today. Vernacular architecture has many features of sustainability,
which is seen in the building’s culture, land use, durability, construction techniques, construction waste
management, air quality, and energy efficiency [14]. The design of climate-resilient buildings and the
exploitation of the renewable energy sources obtainable in Palestine, especially solar energy with an
average daily solar radiation of 5.4 kWh/m® could be the best way towards independence in the energy
sector [15].

This paper aims at comparing the thermal performance of modern and traditional single houses.
Building outline, building height, windows shape, construction materials, and the use of thermal
insulation are the main assessed parameters. Then, a proposed house will be introduced based on this
comparison, to improve building thermal performance towards climate-resilient residential buildings.

2. Methodology

The methodology used a comparative approach of the thermal performance between a typical modern
construction and traditional old houses. A survey for the old and modern houses’ typologies was carried
out. Then, representative models for the most used building types, with similar floor area were
established, as can be seen in Figure 1. Field measurements for the indoor air temperatures were carried
out during two representative weeks in summer and in winter to compare the traditional and modern
single houses' thermal performance in the Nablus region. The measurements were carried out for rooms
with a similar orientation, size, and use in the absence of heating and cooling. The study targets the
single houses as it represents the majority of buildings in the rural and suburban areas in Palestine.

The building envelope material’s physical properties, building outline, window shape, and building
height for both new and old buildings were identified as evaluation parameters. These parameters were
evaluated as the main differences between traditional and modern houses. The base case (typical modern
house) has high infiltration (0.8 ach), no thermal insulation, double clear glazing, typical wall and roof
construction, typical outline with no internal courtyard, horizontal window shape (1.6 m width*1.2 m
height), and a building interior height of 2.7 m. The traditional model, on the other hand, has high
infiltration (0.8 ach), no thermal insulation, single clear glazing, traditional wall and roof construction
materials and thickness, traditional building outline with an open courtyard, vertical window shape (1 m
width*1.6 m height), and a building interior height of 3.7 m. The Proposed model has low infiltration
(0.3 ach), double glazing, wall and roof construction materials and thickness. The proposed model was
established to benefit from the traditional plans by adding the courtyard, a vertical window shape (1 m
width* 1.6 m height) was used instead of a horizontal one, then space height was raised from 2.7m in
modern buildings to 3.3m, after that wall, ceiling, and roof materials were changed; 7cm thick perlite
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block was used instead of concrete hollow block, 7cm expanded polystyrene thermal insulation was
added to external walls, concrete was used for flooring instead of ceramic tiles and Scm thick thermal
insulation was added to the roof. Envelope construction materials for the three models are explained in
Table 1, and the proposed model floor plan is shown in Figure 2. All three models have occupancy of 5
persons per household, which is the average family size in Palestine. The range of indoor temperatures
was set between 18°C and 24°C. During the summer cooling period, the windows were gradually opened
to reach 50% opening when the outdoor temperature was below 25°C, whereas the windows were closed
during the heating period. The shading was considered only by self-shading of the building through open
courtyard, window shape, and building outline, as overhangs and external shatters are not widely used in
Palestine.
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Figure 1. The most used traditional house of 147m? (left) and the modern house of 140m? (right)

Computer simulation models for as-built modern and old houses with similar built-up areas were
constructed using the theEDSL Tas simulation tool to evaluate the indoor thermal environment and the
potential energy consumption for heating and cooling [16]. The simulations were also performed for a
proposed single house resulting from using a building outline, building height, window shape, and
construction materials derived from old typologies, in addition to the use of thermal insulation. Then,
the heating and cooling energy consumption for the proposed model was evaluated in comparison with
a typical modern house and a traditional house, in order to assess its climate resilience.

Table 1. Envelope construction materials for the three types of buildings

Buildings type Base case (typical house model) Old model Proposed model

. 2 Natural building stone
External Wall CcTn(rete 0.15m Concrete hollow Earthand gravel ;1 ocione 0.20m thick s g Concrete 0.15m thick
thick block 0.07m thick 0.40m thick m thic 1 1
Building l l _
stone 0.07m s S Blockwith perlit:
: E £ 0.0 thick
Plaster I Plaster 0.02m
hick
Plaster 0.2m Insulation e
0.07m thick
ROOf Earth and mortar ~ Stone for the roof Earth and mortar  Stone for the roof Concrete screed Solid slab 0.25m
0.40m thick 0.20m thick 0.40m thick 0.20m thick 0.025m thick oursipe  thick
& l Thermal .~ I
insulation
0.05m thick
Plaster
Plaster PlasterT
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The weather data were used for two different climatic zones in Palestine: Zone (4) the mountains
climate zone; as it represents the highest population density, it has a heating dominated climate, with
cold winters and relatively humid summers, and is represented by the city of Nablus. And Zone (1),
which has a hot and dry summer and warm winter climate; it has a cooling dominated climate, and is
represented by the city of Jericho, as can be seen in Figure 3.

\ map key
|| Climatic zones of the West Bank and Gaza
- ENTRANCE -
BEDROOM |3  OFEN I i
COURT GUESTS' N
! ———
ROOM =
-
1 BATH u
1
1;]; ;[ —
w.Cc
BATH i [l
]__ I I
BEDROOM LIVING . KITCHEN
l

Figure 3. Climatic zones in the Palestinian
Territories, the map was produced based on the
data provided by ARLJ) [17]

Figure 2. The proposed model for a climate-
resilient single house

3. Results and Discussion

The results from the field measurement for two weeks in winter show that the traditional house was
performing better than the modern house most of the time; however, the indoor air temperature
remained below 16°C for both buildings, due to the high infiltration and the absence of thermal
insulation. The indoor air temperature difference between traditional and modern single houses was in
the range of 1 to 5°C, as can be seen in Figure 4. For the summer period, the results show that the
traditional house performed better than the modern house all the time, with an indoor air temperature
in the range of 28 to 30°C, compared with the range of 29 to 33°C for the modern house. The indoor
air temperature difference between traditional and modern single houses was in the range of 1 to 3°C,

as can be seen in Figure 4.
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Figure 4. The indoor air temperature for two weeks in winter (left) and two weeks in summer (right)

The results from computer simulation for the three studied models, i.e. the modern typical single
house, the traditional old house, and the proposed climate-resilient house in Climate Zone (4), show
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that the annual potential heating loads for the three models are 113kWh/m’, 53.3kWh/m’ and
48.2kWh/m” respectively. The proposed house has 57% less energy for heating compared to modern
typical buildings and 10% less than traditional old buildings. The results also show that the annual
potential cooling loads for the three models are 70.9kWh/m?, 17.1kWh/m* and 26.3kWh/m’
respectively. The proposed model uses 63% less energy for cooling compared to typical modern
houses and 35% more than traditional old buildings as seen in Figure 5. The simulation results for the
three models in Climate Zone (1), show that the annual potential heating loads are 37.1kWh/m?,
10.2.5kWh/m?, and 8.8kWh/m? respectively. The proposed model uses 76% less energy for heating
compared to typical modern houses and 14% less than traditional old buildings. The results also show
that the annual potential cooling loads are 131.4kWh/m?, 47.2kWh/m?, and 60.4kWh/m? respectively.
The proposed model has 54% less energy for cooling compared to modern typical buildings and 22%
more than traditional old buildings seen in Figure 5.

The simulation results confirm the field measurements results that the old buildings perform better
than the modern buildings for both heating and cooling with 53% less energy for heating and 76% less
energy for cooling for Zone (4), and 72% less energy for heating and 64% less energy for cooling for
Zone (1). The proposed building is performing better than the modern and traditional buildings in
winter, and performing better than the modern buildings in summer, but less well than the old
buildings. This can be justified by the effect of a huge thermal mass in old construction.
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Figure 5. The heating and cooling loads for the three buildings types (modern typical single house,
traditional house, and proposed climate-resilient house)

4. Conclusions

Old traditional architecture in Palestine has proven to be more climate-responsive and adaptive to
climatic conditions. The field measurements for indoor air temperature for modern typical buildings
and old traditional buildings confirm that old buildings present a better thermal performance. The
single house characteristics of old houses such as building outline, window shapes, building envelope
thermal properties, and building's height in addition to the use of thermal insulation have been adapted
in a proposed single house planned to be climate-resilient. The computer thermal simulations for this
proposed model in comparison to old and modern typical houses show that the proposed house has
total annual heating and cooling consumption of 74.5kWh/m’, which is 59% less than the modern
typical house (183.9kWh/m?), and 5% more than the old house (70.4kWh/m?) for cold winter and hot
summer regions in Palestine. For a hot and dry summer and warm winter climate, the proposed house
presents a total annual heating and cooling consumption of 69.8 kWh/m® which is 58% less than the
modern typical house (168.4kWh/m?), and 8% more than the old house (57.4 kWh/m?).
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Based on these results a new residential form, which benefitted from the climate resilience of
traditional forms and materials and the use of thermal insulation, has proven to be more energy-
efficient than typical modern houses. This model will be more adaptable to climate change which has
recently been causing heat waves and extreme temperatures in the Middle East. When comparing this
proposed house with a traditional old house, it remains slightly less energy efficient. Further research
to improve this climate-resilient house can assess enhancing thermal insulation in cold winter regions.
For hot dry summer regions, future research can assess enhancing solar protection and evaporative
cooling through a water fountain in the open courtyard.
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