
ANALYTICAL DESIGN TECHNIQUES THAT PROMOTE GREEN CONCEPTS IN 

HOT AND HUMID CLIMATE. 

 

Purvesh Bharadwaj 
 Birmingham School of Architecture, BCU, Birmingham, UK  

purvesh.bharadwaj@mail.bcu.ac.uk, tel- +44 (0) 7449 969 074 

 

 

 

 

ABSTRACT 

The art of architecture has been always 

complementing and supporting the nature, since 

ancient times as evident in vernacular traditional 

architecture. As Bill Dunster, Craig Simmons and 

Bobby Gilbert (The ZED Book, 2008) describe, 

contemporary societies and design methods of the 

post-industrial era, are  a major paradigm shift 

reflecting high fossil fuel consumption and high 

carbon emission. Contradicting to this Eco-Houses, 

Sue Roaf (2003) offer alternative model, having very 

Low Carbon Emission (LCE) and expresses vital 

concern about bond between environment and 

inhabitants, instead of just focusing on mechanically 

operated buildings with high carbon emission.  

This paper, as a part of MA, extensively focusses on 

developing an approach that offers a Zero Carbon 

Design (ZCD) or Zero Carbon Building (ZCB) 

solutions in climate (hot and humid in summer, cool 

and very less humid in winter) and context of 

Bahrain through a residential design project. Climate 

responsive techniques and passive strategies derived 

within the limited means of traditional vernacular 

Arab architecture acts as an inspiration to develop 

more effective design strategies for the design project 

in today’s context.  

Design iteration and experimentation process 

performs a vital role in developing alternative 

effective strategies for the project. Confirmation of 

yield results as ZCB solution, is eventually examined 

by means of simulation method, (Jankovic, 2012). 

INTRODUCTION 

Construction and climate change: a serious 

concern: 

Rapid development and urbanization in the country, 

contribute towards high greenhouse gases and carbon 

emission, if there are no attempts to control and 

reduce the associated carbon and greenhouse gas 

emission it can result in rapid depletion of presently 

available fossil fuel resource. “While global carbon 

emissions per capita have only increased marginally 

over the last three decades, emission of an average 

Arab individual have almost doubled”, 

(Elgendy,2011). 

 

 
Figure 1 - Carbon emission intensity in gCO2/KWH 

Figure 2 shows the distribution of activities related to 

carbon emissions in Bahrain. Given the hostile 

climate of the country, energy consumption 

responding to the state of thermal condition of 

buildings takes up 11% of total carbon emission with 

industrial and transportation succeeding in the list. 

 

 

Figure 2 - Energy Consumption by sector 

Present life style of Bahrain, consumes almost 43 to 

44 % percentage of total country’s energy 

distribution per day only for cooling in summer, i.e. 

almost of 1200 to 1400 MW power per day is 

consumed as the cooling load, (Bahrain EDD). 

 

Figure 3 - Arab world emission forecast 

 

Figure 3 represents, that, “it is expected at current 

rate, emission of an average Arab individual will 
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exceed the global average in the next 5 Years” 

(Elgendy, 2011).  

Alarming data in above figures prodigiously suggest 

a need of critical approach, combating these issues by 

evolving current construction pattern and develop 

clean energy technology to support a sustainable zero 

carbon achievement. 

ZCB APPROACH - A CLIMATE 

RESPONSIVE SOLUTION 

Although some landmark projects in Arab region like 

Masdar City in Abu Dhabi (completing, 2016) and 

upcoming Energy City in Qatar (yet to commence) is 

based on low or zero carbon design approach, but no 

simulation report is yet published that reveals the 

statistical data stating the level of zero carbon 

achievement.  

The quest for deriving ZCB solution as a research 

study led to develop a design project, an apparatus 

that purely focuses on investigating design strategies 

from the past i.e. Vernacular traditional architecture; 

that responded well to climate, re-interpreting them 

in present context and integrate it eventually in 

design program achieving a ZCB solution. The 

design process touches upon iteration-

experimentation approach and examination by 

simulation method (Jankovic, 2012), to assess the 

validity of the extent of Carbon reduction through 

statistical data, as an evidential proof.  

Vernacular traditional architecture in Arab region has 

a peculiar approach to respond to the local climatic 

variation. It has evolved to serve specific needs of its 

inhabitants of the building by means of developing 

various unique elements. Among them, Malqaf (wind 

catcher), Mashrabiya (decorative screens) are the 

popular elements extending the identity of Arab 

region.  

               
4.a                                         4.b 

 
4.c                                      4.d  

Figure 4.a – Wind Scoop (Malqaf) 

Figure 4.b – Mashrabiya (decorative panels) 

Figure 4.c – Working Qa’a (Wind Tower)  

Figure 4.d – Cluster of houses with Qa’a 

 

As an example, Malqaf/wind catcher (figure 4a), an 

element developed as a part of wall with an opening 

above operates to fetch the fresh air inside. Similarly, 

wind tower (figures 4c and 4d) with vertical 

perforations also function like Malqafs but is a more 

enhanced form. Mashrabiya system (figure 4b) 

reduces the solar heat gain through windows, 

maintaining comfortable internal temperatures. All 

the elements brilliantly respond to climate and 

perform their function successfully in a pure passive 

way.  

METHODOLOGY 

A retrospective study stems up from a question as, 

how comfortable environment, had been obtained in 

the past in spite of limited available resources and 

means of execution techniques in absence of present 

resources of energy.  

It initiates with the study of self-organizing system, 

followed by vernacular traditional Arab architecture 

as best climate responsive examples. Vernacular 

architecture, in addition to its successful, proven 

passive strategies, reflects an implied process of 

iteration, happened over the hundreds and thousands 

of years to get to the precise method of functional 

operation.  Reflective process, in a knowledge 

acquisition cycle, as described by Schon (1983) 

operates the same way as the process of derivations 

of vernacular solutions and thus justifies Schon’s 

description of reflection as equally appropriate to 

vernacular tradition as to modern design methods.  

Considering present, time constraints, as compared to 

the vernacular era, design project, a tool, follows the 

reflection iteration process for design development 

involving the simulation methodology desscribed by 

Jankovic, (2012). This iteration process drives 

towards an energy model that uses more 

sophisticated techniques, available modern material, 

exploring different architectural expression and 

arriving to much better results than what possibly 

would have been arrived by vernacular approach at a 

long span of time. 

Integration Environment Solution – Virtual 

Environment (IES-VE), a software program is used 

for simulation study in order to analyse the viability 

of each employed design strategies. Finally such 

extensive evaluations, reveals the performance of all 

individual components in a statistical data and 

confirms the contribution of each, by the extent of 

energy reduction and carbon emission leading to 

ZCB solution as the final achievement of the design 

research. 

APPROACH TO DESIGN PROJECT 

Study follows in response to the basic question as 

how, comfortable environment was obtained in 

ancient times in absence of present state of energy. 

The investigation process begins by glancing at self-

organizing systems such as beehive, termite mounds 

76

In Proceedings of the 1st International Conference on Zero Carbon Buildings Today and in the Future, Birmingham City University, 11-12 September 2014.



etc., which are examples of climate responsive 

natural solutions where no master controller 

influences or inspires. This approach or a model set 

up a constraint to specific syntax or form, as 

emergent, in response to the ecosystem resulting into 

amazing products.  

As a basis of design development, the process adopt 

to emphasise “reflective cycle” as a starting point 

instead of working out only pure creative kind of 

ideas. It recognizes the operations of reflective cycle 

embedded in vernacular architecture and in self-

organizing system, where series of reflections results 

into quite sophisticated artefacts or buildings but in 

an unrecognizable code of design in today’s context. 

Although Vernacular architecture does not come out 

of such a great architectural tradition as practiced 

today, like through aims, abstract designs, ideas 

which then manifest in the form of a building but 

emerges out of the need as self-organizing system.  

Absorbing the huge embedded values of Vernacular 

architecture, the lessons was drawn from it, in terms 

of, understanding principles of spatial organization, 

re-interpreting and implementing in design project, 

followed with iterative cycle. This iteration process 

maximizes design efficiency and offers wonderful 

solutions as environment controlling techniques that 

respond well to local climate and attain carbon 

neutrality i.e. ZCB. 

Following the inspiration from vernacular 

architecture, the design centres around, employing 

passive strategies (vernacular and modern) as 

primary approach, (figures 6.a – 6.d). It also exploits 

the opportunity to utilize active strategies, supporting 

low carbon emission along with required alternative 

renewable energy, confirming maximum reduction of 

energy consumption that achieves the research target 

ZCB. 

CLIMATE AND SITE AT GLANCE 

The Kingdom of Bahrain sits approximately 24 Km 

from the east coast of Saudi Arabia and 28 Km from 

the west coast of Qatar. Located between latitudes 

25o32ʹ and 26o20ʹ N and longitude 50o20’ and 50o50’ 

E. Characterized by very high average temperature 

and relative humidity i.e. hot and humid during 

summer (figure 5), the temperatures in the country 

reach a peak of 450-500 C. during summer and 10o-

15o C. during the winter with comparatively less 

relative humidity (cool and less humid winters). 

Wind speed in the country are moderate with nearly 5 

m/s from the north westerly Direction.(Alnaser.N.W. 

and Flanagan.R, 2005) The country receives more 

than 3000 hours of sunlight in the year, hence the 

solar gain can be very high due to its geographical 

location, ( ). 

 

Figure 5 – Daily High and Low Temperature 

 

Figure 5 represents the daily average low (blue for 

winter) and high (red for summer) temperature with 

percentile bands (inner band from 25th to 75th 

percentile, outer band from 10th to 90th percentile). 

 

         

6.a                                          6.b 

                                                     

6.c                                         6.d  

Figures 6.a – Built Vs. Open space. 

Figures 6.b – Public Vs. Private Spaces. 

Figures 6.c – Courtyard as core of the house.  

Figures 6.d – Orientation.  

 

DESIGN INTERVENTION 

Apart from successfully developing pure 

architectural concept, encompassing socio-cultural 

aspect, responding to site context, accentuating site 

association by means of spatial configuration and 

metaphorically mimicked sea wave built form 

(figures 7 – 9), it mainly concentrates on the 

strategies that supports the local climatic variations 

based on its passive nature that can combat energy 

consumption and carbon emission. 

 

Figure 7 - South Elevation  
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Figure 8 - North Elevation 

 

           

          Figure 9 - East Elevation  

 

Derived and adopted strategies, acting as “Design 

Drivers”, are categorized further based on the type of 

function and its source where it comes from. Such as  

A. Vernacular Arab traditional Passive 

Strategies. 

B. Modern Passive Strategies. 

C. Low Carbon Active Strategies. 

D. An appropriate utilization of required and 

compatible renewable energy. 

Figure – 10 Site and Ground Floor Plan 

         

 

Figure – 11 First Floor Plan  

 

EFFECTIVENESS OF DESIGN 

STRATEGIES 

Based on design requirements shortlisted passive 

strategies were, integrated in the design project 

(figures 10 and 11) and their viability was examined 

by means of Integrated Environmental Solutions – 

Virtual Environment (IES-VE). This process 

revealed the effectiveness and performance of each 

strategy through statistical data in the form of graph, 

figures or tables. The study is summarizes as follows: 

a. Optimizing micro-climate and natural 

ventilation:  

Courtyard, as in vernacular traditional architecture 

functions as one of the major element that plays a 

most vital role in optimizing the micro climate by 

enhancing the natural ventilation through the stack 

effect, (figure 12 and 14) where, warm air is sucked 

outside and the cool air present in the ambient 

environment is fetched inside.  

Sea mimicked, form of the building further supports 

this mechanism by creating positive negative 

pressure, (figure 13), and maintain the air current 

reducing the electrical load. Internal temperature is 

maintained from max. 25OC. to min. 22O C.  The 

courtyard also plays a crucial role in withdrawing 

required day lighting that illuminates the internal area 

adequately reducing the energy consumption. 

Due to the extreme temperatures in the country, 

natural ventilation will only occur during the early 

spring and autumn periods as the temperatures for 

natural ventilation are favorable in those periods. 

Figure 14, shows the ventilation strategy for different 

times of the year. Figure 15, shows room temperature 

achieved during natural ventilation. 

 

  Figure 12 - Natural ventilation through courtyard 

 

 
Figure 13 – Positive and Negative pressure zones in 

design. 
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Figure 14 – Summer and Winter Ventilation 

strategies. 

 

 
Figure 15 – GF Family space temperature during 

natural ventilation. 

b. Shading: 

Due to site constraints, an east-west orientation of the 

building is established causing high daylighting 

levels for internal spaces/being exposed to higher 

solar gain. As the form of the building, lends itself 

for shading, by extending the roof slabs on the east-

west facades (figures 8 and 9) and over the exposed 

walls of the courtyard (figure 16). This dramatically 

reduces the solar gain achieved by the internal 

spaces, thereby reducing the cooling demand 

experienced and offering better quality of daylight in 

spite of large proportion of glazing proposed on the 

east façade (figure 8).  

 

 

Figure 16 – Summer and Winter Daylighting section 

 

Day lighting:   

Despite presence of large glazing on east facade, 

shading strategy employed, also led to well-lit 

internal spaces, providing a comfortable internal 

environment for the inhabitants (figure 17). Activities 

located on the Northern part benefit from the 

opportunity of getting ample amount of North light 

along with extending panoramic views to the 

landscaped garden (figures 7 - 9). IES simulations 

reveal, a dramatic reduction in the carbon emissions 

and energy consumption were achieved almost up to 

70%, by the implementation of shading strategy 

(figure 18 and 19). 

 

 
Figure 17 – Guest Bedroom Daylighting Effect 

 

 

Figure 18 – Total Energy Consumption MWh 

 

 
Figure 19- Carbon emission Graph  

  

Although, shading and daylighting may conflict each 

other in a design, but, careful consideration and 

implementation of shading elements can result in a 

perfect synergy between the two concepts such as in 

this design project.  

c. Green roof:  

The design project implements the use of green roof, 

to serve two critical roles -  

1 - Green roof acts as a barrier, reducing heat 

transfer through the building fabric to the internal 

spaces, leading to reduced energy demand for 

cooling in a hot and humid climate (figures 20.a 

and 20.b). 

2 - Presence of a green roof also reduces the urban 

heat island effect caused due to exposed building 
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material and increases envelope absorptivity. This 

helps in reducing the ambient temperature to a 

certain degree. The ambient air cooled through 

evapo-transpiration process is then used for natural 

ventilation and there by provide a comfortable 

environment for the inhabitants.  

       

Figure 20.a (Right) - Solar gain without Green Roof 

Figure 20.b (Left) - Solar gain with Green Roof  

 

IES simulation reveal, minor reductions in the energy 

consumption of the building (figure 18 and 19). 

Although determining the extent to which this 

strategy will help outside the boundaries of the 

building is difficult, it is observed quite often in 

nature as a successful strategy. 

MODERN PASSIVE STRATEGIES   

d. Facade thermal performance: 

As observed in vernacular strategies described by 

Raegatte (2003) insulation was achieved by 

developing walls with high thickness using locally 

available materials such as mud, coral stones, limes 

stones etc. all of which served as thermal mass 

during the day and releasing energy slowly 

throughout the night when ambient temperatures are 

lower than, during the day. 

The design features, use of aerogel insulation, 

between, internal and external sections of the wall to 

increase facade insulation. To achieve, specified U-

values (table 1) insulation thickness of 100mm is 

applied, (figure 21 and 22), which helps in reducing 

the heat transfer and maintain a comfortable internal 

environment. Simulations reveal reduction in energy 

and carbon emission of 7.36% (figure 18 and 19). 

e. . Reduced window-to-wall ratio (WWR): 

Solar heat gain through windows is a lot higher than 

compared to the opaque facade. To minimize the heat 

gain, through the facade the WWR is reduced on the 

south façade (figure 7) and higher ratio of glazing is 

allowed on the north and east façade (figures 8 and 

9). The overall WWR of the building is optimized to 

meet the daylight requirement.  

       Table 1 – Building components U-value 

                   

 

                

Figure 21 – Thermal heat transfer through building 

fabric, after applying insulation. 

 

 

Figure 22 – Typical Wall Section 

 

 Triple glazing:

Low-E coated triple glazing is used to combat the 

harsh solar gain received by the building. Since low-
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E coated glazing with U-value of 0.64W/m2, filters 

the infrared and UV radiation allowing only the 

visible spectrum of light to penetrate the internal 

spaces to provide a comfortable internal environment 

and hence reducing the internal temperatures (figure 

23). Simulation reveals, implementation of low-E 

glazing strategy results in reduction in energy 

consumption related to cooling, (figure 18 and 19).

 

Figure 23 – Low-E Triple Glazing 

 

g. Air tightness:   

Design features the use of ‘Intello plus’ air-tightness 

membrane, on the internal wall of the building fabric 

(figure 22), air-tightness achieved as a result is 

1m3/h/m2.  

h. Earth tube cooling: 

Earth tube cooling strategy caters the cooling needs 

the building. The strategy is based on the principles 

of evaporative cooling, where heat transfer occurs 

from a medium of higher temperature (air) to a 

medium of lower temperature (earth). Simulated 

experiments features, placement of earth tube at a 

depth of 4m below ground where temperatures 

remain more or less constant throughout the year. 

A loop at length of approximately 150ft./60m allows 

the air to cool down the hot air (450c) drawn from the 

wind-catcher, resulting in cooled air (280-300c, this is 

stage one of the cooling process, figure 24).  

To maintain the internal thermal comfort, the air 

cooled from earth tube is passed through a water loop 

system stored in a basement (figure 24, this is stage 

two of the cooling process) where temperature of 

water is approximately at 200-220c. Resulting in a 

final output of cooled air which is in the range of 

adaptive thermal comfort i.e. 220-260c. 

 

 

Figure 24 – Earth Tube cooling system. 

 

Although a working completely passive strategy, the 

use of earth tube system was not viable on the site 

due to the nature of the land being reclaimed. Figure 

25, shows the room temperature achieved, using the 

earth tube system during peak summer (July).  

 

 

Figure 25 – GF Family space temperature using 

earth tube cooling system.  

ACTIVE SYSTEMS  

i. Daylight sensitivity:  

Further reductions in energy and carbon emissions 

were achieved by use of LED lighting (energy 

saving) along with daylight sensitivity control, to 

maintain a comfortable internal environment. 

Simulations results are shown in figures 18 and 19.  

j. Mechanical cooling:  

Further to maintain the comfortable internal 

temperature within the range of 220-260c, mechanical 

cooling systems of high energy efficiency rating 

(EER, 40+ in this case, for simulation purposes EER 

value used is 42) is used such as Coolerado M50 as 

in this case (figure 26). The Coolerado mechanical 

cooling system is based on the evaporative cooling 

technology as compared to conventional air 

conditioning system and hence result in a better 

internal environment at lower energy consumption. 

Cooling loads achieved as a result of implementing 

passive design strategies are shown in figure 27. 
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Figure 26 – Mechanical cooling system. 

 

Figure 27 – Cooling loads post achieving carbon 

neutrality.

k. Renewable strategy:  

Implementation of passive strategies in the design 

project makes the design 96.65% energy efficient. In 

order to attain a state of carbon neutrality, the 

building utilizes renewable resources. In a country 

which receives more than 3000 hours of daylight 

annually, use of rooftop PV panels (60m2) was the 

most appropriate strategy. Application of this 

renewable strategy makes the building carbon 

negative, with readings of about 1000 KgCO2 

annually (figure 18 and 19).  

 

CONCLUSION  

Careful analysis of the building project, which 

incorporates traditional Arab design and passive 

strategies in conjunction with modern design form 

and construction methods such as 3D printing and 

prefabrication, suggests that a zero carbon 

development is easily possible even in an extreme 

hot and humid climate such as of Bahrain.  

As vernacular architecture depends on multiple 

aspects like culture, material and technological 

availability, climate etc. the response in different 

locations in presence of these conditions can give rise 

to varied vernacular architecture. Interesting 

responses are observed where vernacular 

architecture, is implemented in design project in a 

different location within the same climatic zone.  

The Construction Industry Council (CIC) ZCB in 

Hong Kong for example, where the climatic 

conditions are also hot and humid, has a different 

response and approach towards a low carbon 

solution. A result of using different vernacular 

strategies which have been developed over centuries 

to combat similar issues of hot and humid climate but 

in a different geographical location. This proves that, 

use of vernacular architecture can help in reducing 

the carbon footprint of the building extensively, but, 

only by applying strategies that have been developed 

locally.  
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