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Abstract  

This research intends to propose a comprehensive green engineering solution for a cluster of homogeneous green 

building units as housing blocks, energy self-sufficient, that packed together in a block to facilitates space for 

services and social activities at its heart, designed to house refugees sustainably in war zones of semi-arid 

regions as in the Levant. 

 

The housing units was passively designed approach was used to suit the semi-arid climate  to produce low-cost 

and fast construction units using local clay materials reinforced with recycled disposed products as plastics and 

leftover of expanded polyester from agricultural activities in addition to local habitat as clay and hay. The units 

built with these  products are thermally comfortable, energy efficient which designed to respond to the 

predominant climate during all seasons.  

 

The design concept includes the idea of attached to semi-detached blocks with a service area at the center.  

used also for social activities. These blocks of units can be replicated and designed to fit all orientations with 

minor adjustments. Building blocks manufactured from the local habitat, such as clay, hay and harmful materials 

available, such as plastics and leftovers of expanded polystyrene from agricultural activities. Tests for strength, 

ductility, cohesion, water absorption and thermal conductivity were conducted for the adobe building blocks. The 

end product is aspired be economic, fast in production, environmentally friendly and sustainable. 

 

to the proposed model would facilitate future expansion for more efficiency and enhanced aesthetics to meet the 

increasing needs for housing refugees in the devastated areas in our inflamed region and other areas of similar 

conditions.  
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1. Introduction 

Due to the wars in the world and responding to the local climate and site conditions of the destroyed zones, 

rebuilding must have a certain strategy accompanied by minimizing energy consumptions, low price and fast 

housing. Locally, simple passive strategies, as shading, orientation, thermal mass, daylighting and natural 

ventilation are considered in the architectural design process. 

  

This research investigates the potential of rebuilding the destroyed zones with a product that is thermally 

comfortable, energy efficient and designed to respond to the predominant climate during all seasons.  To achieve 

this objective This has a comprehensive engineering solution for a cluster of homogeneous green building units 

energy self-sufficient, which packed together in a block that facilitates space for services and social activities at 

its heart, designed for house refugees sustainably in war zones of semi-arid climates, such as that of the Levant. 

 

Hot arid climates are specified by exceptionally hot dry summer, dry winters, and continuous sunshine for the 

whole year, as well as maximum temperatures of 45°C as shown in Figure 1 (Henderson-Sellers & Robinson, 

1986).  

 

 
Figure 1. Koppens Climate Classification Map 

Source (Köppen, 2006) (Henderson-Sellers & Robinson, 1986) 

 

In order to recommend low energy architectural practices, passive design has been proposed as a solution (Omer, 

2008). Green building, also known as high performance building or sustainable building, describes a 

comprehensive approach to designing, constructing, and renovating buildings that prioritizes human health, 

water and energy efficiency, environmental sustainability, and resource conservation.  

The potential benefits of green affordable housing projects can be divided into direct, regional and global 

benefits. The direct benefits include lower utility costs, a healthier indoor environment and increased durability. 

Regional benefits include support for solid waste management and improved water quality. Globally benefits 

may include reduced energy use and carbon footprint and lower material use  
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In order to recommend low energy architectural practices, passive design has been proposed as a solution (Omer, 

2008). Green building, also known as high performance building or sustainable building, describes a 

comprehensive approach to designing, constructing, and renovating buildings that prioritizes human health, 

water and energy efficiency, environmental sustainability, and resource conservation. [1] 

The potential benefits of green affordable housing projects can be divided into direct, regional and global 

benefits. The direct benefits include lower utility costs, a healthier indoor environment and increased durability. 

Regional benefits include support for solid waste management and improved water quality. Globally benefits 

may include reduced energy use and carbon footprint and lower material use (Walker, ed. (2007).  General green 

building benefits include environmental, economic and social benefits. The potential environmental benefits are 

enhancement and protection of biodiversity and ecosystems; improved air and water quality; reduced waste 

stream and conservation and restoration of natural resources. Economically potential benefits include lower 



operation costs; a market for green products and services; enhanced occupier productivity and the optimization 

of life-cycle performance. Social potential benefits include improved health and comfort for residents, 

minimizing the burden on local infrastructure and improved aesthetics Walker, ed. (2007).  Affordable housing 

projects emphasize all three benefits, because they replace deteriorating stock, which harm the environment most 

and provide the least economic and social benefit. 

The first stage focuses on designing a building that reduces and minimizes the energy needs by various factors, 

such as neighborhood planning, building layout and orientation. Generally, a building should be designed to be 

compatible to the climate of its region and its microclimate. Reducing the internal gains of the building is vital 

for improving the effect of passive cooling techniques. Site design and planning aspects are considered a key 

factor for reducing internal gains, as designing a site is influenced by many factors, for example; economic 

considerations, zoning regulation and adjacent developments. Controlling the solar radiation is the initial step 

towards heat gain protection (Yannas, 1990). 

Second, the following stage is concerned about modifying and modulating the gained heat, through the building 

envelope with all its components as windows, walls, roofs and shading elements. Managing a building thermally 

was mentioned previously to be  

 

Methodology  

The study shows the potential of the examined design alternatives through possible energy savings of each 

alternative and what can be achieved by the wide applications of these residential buildings in the area of study. 

The first stage focuses on designing a building that reduces and minimizes the energy needs by various factors, 

such as neighborhood planning, building layout and orientation. Generally, a building should be designed to be 

compatible to the climate of its region and its microclimate.  

 

Site design and planning aspects are considered a key factor and is influenced by many factors, for example; 

economic considerations, zoning regulation and adjacent developments. Controlling the solar radiation is the 

initial step towards heat gain protection (Yannas, 1990). The following stage is concerned about modifying and 

modulating the gained heat, through the building envelope with all its components as windows, walls, roofs and 

shading elements. Managing a building thermally was mentioned previously to be an effective stage to reach 

energy reductions 

 

The building envelope is the tool in achieving the heat modulation strategy, as it absorbs heat during the day and 

regulates the magnitude of indoor temperature, reduces peak cooling load and transfers a part of the absorbed 

heat to the night hours. Generally, it is responsible for minimizing heat loss in winter and heat gain in summer.  

 

At last, using the modulation and solar protection strategy in many cases may not achieve the full targeted 

thermal efficiency level. Therefore, the third stage concentrates on getting rid of the heat that enters the space 

using the upper atmosphere and the ambient sky by the natural processes of heat transfer. Dissipation of the 

excess heat depends on two main conditions: the availability of an appropriate environmental heat sink, and the 

establishment of an appropriate thermal coupling between the building and the sink combined with a sufficient 

temperature difference for this transfer of heat.  

 



In other comparative climates as the hot humid climates, the application of passive measures and strategies for 

example, glazing, shading, insulation, and natural ventilation was highly effective in reducing the cooling load of 

buildings achieving 43% reductions (Omer, 2008).  

 

Therefore, applying of suitable passive strategies to Cairo’s climate is expected to be highly effective and result a 

reduction in the energy consumption of the tested buildings. 

 
As shown in Figure 1, the masterplan of the selected reference project consisting three zones of land plots 

ranging from 30 to 50 m2, the plots have different orientations in all the orientation axes. The four main axes had 

the higher percentages than the secondary axes, while land plots facing East axis orientation achieved the highest 

percentage across all the axes by 24.6%, and the lowest percentage was achieved by the South-west orientation 

by 4%. These results showed that the major effective land plot category of the whole project is the East 

orientation, which in consequence could have a massive impact positively or negatively on the overall energy 

consumption.  

 

Figure (1) Masterplan of the Project 

 

Furthermore, the building is attached to one of its adjacent neighbors forming one bigger building. In addition, 

the selected prototype had two different architectural plan proposals to give the highest flexibility and to figure 

out the effectivity of the passive means on each unit. Therefore, the same floor area was used in two different 

architectural plans, the first as one unit as shown in the architectural plan, while the second as two twin units on 

the two opposite short sides of the land plot as shown in Figure 2.  



 
Figure 2. Floorplan of the studied reference building.  

 
The research objectives shape is to determine the suitable methodology that is necessary to achieve the 

experimental stage of the research. Moreover, the methodology of the study will be constructed in several stages.  

 

Revit and 3ds Max  was selected as a simulation software for conducting the energy simulation. It comprises a 

core 3-D modeler and 9 modules which work together to provide in-depth analysis of energy use, consumption 

and commitment for any building was selected for the analysis. Revit illustrated that the simulation program had 

the most comprehensive user-interface for the most widely used energy simulation engine energy-plus and 

daylight simulation engine of Radiance and DaySIM (Maile et al, 2007). With the capabilities of Revit, all the 

passive techniques could be investigated in the research process and parameters of each strategy will be 

proposed in its section. 

 

Roof Insulation  

The roof of the building is the most exposed building element to the direct solar gain. Therefore, the roof of the 

building was modified to be built as a dome slab.  

 

Wall Types  

The wall area of the building is the greatest among all the building enveloped components; therefore, the wall 

type could have a great impact on the energy consumption of the building by the transfer of heat through it. In 

this part of the study, four wall types were investigated as alternatives for the exterior wall of the building. 

Moreover, the wall composite of silty clayey soil with the addition of a percentage of wasted plastic and/or hay is 

used to increase the strength and the durability of the blocks as shown in Table 1.  

 
 Table 1. Clayey blocks composition 

 Block Type 1  Block Type 2 Block Type 3 Block Type 4 

Percentage Plastics 0.00 5 15 20 

Percentage Hay 0.00 5 15 20 

 

 



Glazing Type  

Glazing is responsible for nearly 30 % of energy loads of a building, and it has a large impact on the thermal 

comfort because of its effect on the indoor air temperature (Lechner, 2014). Therefore, minimizing the window 

sizes is chosen in this work.   

 

Night Ventilation  

Night ventilation was reported to be an efficient cooling strategy in hot arid climates (AREE, 2011).  It works by 

utilizing temperature differences in improving ventilation. In other words, cool night air is presented to the 

building replacing the indoor hot air. In consequence, a reduction in the mean radiant temperature of the space 

can be achieved, while by day, hot air is prevented from entering the building by changing window operation. 

(Geros, Santamouris, Karatasou, Tsangrassoulis, & Papanikolaou, 2005).  
 

3. Simulation Results  

In this part of the research the outcome of each strategy will be explained through its effect in reducing the 

energy loss of the building and analyzing its effect on the different units of the building. 

 
 

 

 



 

 

 

4. Results and Discussion  

The scope of a framework for implementing the energy efficiency strategies were discussed in this research. The 

objectives of the research were discussed to have an engineering solution for a cluster of homogeneous green 

building units for housing blocks, energy self-sufficient, which packed together in a block that facilitates space 

for services and social activities at its heart, designed to house refugees sustainably in war zones of semi-arid 

climates, such as that of the Levant.  

Feasibility study of the execution of these blocks and Cost-benefit analysis will provide developers and users 

with a clear view of opportunities and risks to invest in these types of buildings.  

At last, it is important to closely examine and implement passive design strategies, as they could be modified to 

be adapted to today’s buildings. Passive strategies were developed by many generations of architects and 

builders; therefore, we should not abandon using these strategies.  

 

 

 

 

 



Figure (3) Grain size distribution of the soil used in the work. 

 

Figure (4) Hydrometer analysis of the used soil  

 

Figure (5) Grain size distribution plot of the soil used in the work 

 

Figure (6) Atterberg limits of the soil used in the work 



 

 

Figure (7) Plasticity chart 

 

Figure (8) Activity table 

 

Figure (9) Plasticity index and clay content chart 



 

Figure (10) Atterberg limits and clay minerals 

According to the soil testing results the soil used in the project is considered as low degree of expansiveness soils 

as the following 11.2/35.41 = 0.316. 

Because the clayey block is a porous material, it must be protected from moisture with claddings or coatings. 

 

Conclusions  

Combining cultural and climatic response, the complex consists of buildings and courtyards laid out on a grid 

oriented to the principal compass directions. In addition, window openings respond to orientation, to minimize 

sun penetration.  

 

In the courtyards, the buildings are finished in a surface execution that uses texture and weeps to self-shade 

vertical surfaces, reducing glare and the reflect heat. Trees shade the courtyards themselves to provide cooling. 

 

The primary circulation of the complex is consisted nearly entirely of covered open-air pathways, with natural 

ventilation for many of the program spaces. It provides a set of guidelines for creating comfortable, connective 

outdoor spaces in ways that imbue traditional, environmentally responsive patterns with contemporary design. 

 

The work is local fabrication with local materials including the hand-built stone walls, reduced the facility’s cost 

to minimum of what a comparable regular housing would typically cost, that satisfy four reasons: 

 

• Economically, it maximizes the percentage of the budget spent in the community. 

• Environmentally, it reduces transportation energy and, often, fabrication energy too. 

• Educationally, it increases skilled labor in the community and improves eligibility for long-term jobs. 

• Emotionally, it fosters the dignity of the community. Added to all that, it virtually ensures regionally 

appropriate architecture. 
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