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Abstract: Building materials, thermal comfort and health in relation to energy consumption 
and global warming became one of the major concerns to achieve sustainable green buildings 
in respond to climate change and GHGs emissions. In Egypt today with the rapid growth of 
population, reinforced concrete structures are widely used for many reasons such as, ability 
of vertical expansion, saving costs of infrastructures and lack of local alternative structural 
materials such as wood. The unrecyclable, unhealthy and high energy consuming materials of 
red fired and cement bricks, cement finishes and polystyrene insulation are today’s local 
conventional materials that form the building’s envelope with the reinforced concrete 
structure. This paper will discuss the sustainable properties of using alternative lightweight 
earth based envelop with the concrete structures as a first step towards sustainable housing in 
the 3rd populated country in the developing Africa, and the 15th in the 2011 World. 
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1. Introduction Addressing global climate 
change is a paramount challenge of the 21st 
Century [1]. The “Brundtland Report 1987” 
illustrated that the world’s economic growth is 
not based on a sustainable bases, therefore an 
“Urgent” action recommended to increase 
efficiency of energy consumption. According 
to IEA 2008 statistics, generation of electricity 
and heat was responsible for 41% of the total 
CO2 emissions. The WEO 2009 projects that 
demand for electricity will be almost twice as 
high as current demand in 2030, driven by 
rapid growth in population and income in 
developing countries, by the continuing 
increase in the number of electrical devices 
used in homes and commercial buildings, and 
by the growth in electrically driven industrial 
processes [8]. The developing Asia in 1990 as 
shown in (fig.1) was close to the developed 
North America in carbon emissions, but in 
2009 Asia became the top continent in Carbon 
emissions with more than the double in 20 
years. The developing countries with rapid 
growing economy such as India and China will make this number increase; therefore the 
developing countries should be approaching development from different approach. Africa 
considered being the greenest continent in the world despite being the second populated after 
Asia, therefore there is a big chance for it to approach development from more sustainable 
approach. According to 2009 statistics (fig.2), South Africa and Egypt are responsible for 

Figure 1: Total Carbon Dioxide Emissions in the World 1990 
– 2009  Source [5]  

Figure 2 Total Carbon Dioxide Emissions in Africa 2009   
Source [5] 
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more than 50% of the carbon emissions in their 
continent. Electricity sector in Egypt has seen a 
massive increase especially for the house hold 
sector more than 400% compared to the other 
sectors from early 1990s (Fig.3). Egypt is the 
15th population in the world, and the 22nd 
Electricity producer [2], and the house hold 
sector consumes around 40% of the total 
electricity production according to the 2010 
statistics [4]. The considerable growth in household loads was mainly due to excessive usage 
of domestic appliances especially “air conditioning” during the hot summer days. The total 
number of ACs increased from 3 million in 2010 to 4.5 million in 2011, therefore improving 
energy performance in houses is very needed, and a key element towards sustainable Egypt.  
 
2. Aims and Objectives Everything that we produce comes out of the ground. We should 
carry out all “sustainable” development around this powerful concept [12]. This paper aims to 
take this concept as a main approach by analysing the occupancy and the conventional 
building materials used today in a residential houses in Egypt, and to discuss the practical 
alternatives that can develop an “Earth based” envelope from local materials of the country, 
to produce ecological and sustainable envelope that can reduce the cooling demand, the 
embodied energy and carbon to at least 50%. This to be considered as an effective first step 
towards a complete eco houses in Egypt. A contemporary house in New Cairo will be the 
case study for evaluation, modelling in Ecotect and simulating earth based alternatives on it. 
 
3. Conventional building Electricity Consumption  
A contemporary modern house in New Cairo was taken as a 
case study (Fig.4). The house like most of the conventional 
houses in the country receives energy through electricity 
companies that relies mainly on fossil fuels to produce it for 
the public. According to 2010 electricity bills from the 
suppliers, the 260m2 served area of the house consumed 
22,765 kWh in the whole year and that is equivalent to more 
than 11.0 ton of CO2 emissions (approx. 11,770 kg CO2). 
This amount of consumption to the m² becomes 87.55 
kWh/y. Comparing this amount of energy to the average UK 
consumption of electricity according to 2006 regulations 
(37.0 kWh/m²/y) this becomes more than the double of 
electricity consumption. The main reason for this relatively 
big difference is the use of air conditionings for 
cooling that relies mainly on electricity, especially 
during the hot summer times as shown in (fig.5), which 
is not widely used in the UK for the relatively cooler 
climate. The cooling consumption was estimated from 
the base loads of winter times to be 9,946 kWh for a 
treated area of 111.6 m², which represents 44.0% of the 
total electricity consumption for this period, and makes 
the cooling 87.55 kWh/y. This high demand proofs the 
poverty of the conventional envelope to achieve 
thermal comfort degree for occupants, and the need for 
upgrading it for better performance.  

Figure 3 Consumed Energy by sector in Egypt 1989/1990 – 
2009‐2010    Source [10]

Figure 4 House in New Cairo for case study

Figure 5 Case study cooling Consumption 
and CDD- 2010 
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4. Conventional envelope analysis is an important first step to check its components, 
thermal performance, and their U-values.  
 
Walls: Red Fired bricks and cement plaster are the 
most common materials for conventional walls 
envelope in Egypt. The walls in the Reinforced 
concrete structure system (Column and Beam) do not 
carry any structural loads; therefore it is very possible 
to replace them with any other materials if needed. 
The 29 cm wall has a U-value of 1.58 W/m².K 
according to Ecotect Analysis.  
 
Roof: Conventional roof usually contains 7 layers, 
starts from inside with the structural RC slab 
followed by the thermal insulation layer of the 
polystyrene, then a DPC layer, followed by a sloped 
concrete layer for rain water drainage, then lastly the 
final typical finishing of sand, mortar and tiles. The 
0.44m thickness composition makes the Roof’s U-
value 0.40 W/m².K.     
 
Floor: Ground floor is mainly two plain concrete 
layers as bases with a DPC layer in between, 
followed by the typical finishing of sand, cement 
mortar and finishing tiles. The 0.37m thickness 
composition on the ground floor makes the total U-
value 0.40 W/m².K. It has been taken into account 
being on ground floor and the contribution of the 
ground on affecting the U-Value. 

 
 Conventional envelope 
embodied energy & carbon  
The conventional envelope 
consumed around 907,698 MJ, 
and emitted 63.0 ton of CO2 to 
produce them, more than half 
of them went for the walls as 
shown in (table 1). The main 
target in the next sections will 
be to replace as much of these 
materials as possible with 
earth based materials to do the 
same functions and to reduce 
both the embodied energy and 
carbon at the same time, in 
addition to better thermal 
performance in hot climate to 
save the operational cooling 
energy.     

Item Volume (m³) Density kg/m³ Total  Weight (kg) EE/kg (MJ) Total  EE (MJ) EC/kg (kgCO2)  Total  EC (kgCO2)

External  Walls

Cement Plaster 5.42 1570.00 8507.99 1.34 11400.70 0.156 1327.25

Fired RedBrick 88.08 1790.00 157661.59 3.00 472984.77 0.230 36262.17

Internal  Cement Plaster 8.57 1570.00 13455.06 1.34 18029.78 0.156 2098.99

502415.25 39688.40

Volume Density Total  Weight (kg) EE/kg (MJ) Total  EE (MJ/kg) EC/kg (kgCO2)  Total  EC (kgCO2)

Roof

Cement Tiles 1.83 2100.00 3837.75 2.05 7867.39 0.120 460.53

Cement Mortar 1.83 1650.00 3015.38 1.33 4010.45 0.208 627.20

Sand 4.57 1520.00 6944.50 0.08 562.50 0.0048 33.33

Plain Concrete 6.40 2460.00 15734.78 0.84 13217.21 0.109 1715.09

Bitumen 1.83 1055.00 1928.01 51.00 98328.64 0.430 829.05

Polystyrene 5.48 38.00 208.34 102.10 21271.00 4.060 845.84

Reinforced Concrete 20.39 2300.00 46890.56 2.12 99407.99 0.241 11300.62

244665.18 15811.66

Volume Density Total  Weight (kg) EE/kg (MJ) Total  EE (MJ/kg) EC/kg (kgCO2)  Total  EC (kgCO2)

Ground Floor

Cement Tiles 1.83 2100.00 3847.41 2.05 7887.19 0.120 461.69

Cement Mortar 1.83 1650.00 3022.97 1.33 4020.54 0.208 628.78

Sand 5.50 1520.00 8354.38 0.08 676.70 0.005 40.10

Plain Concrete 13.74 2460.00 33802.25 0.84 28393.89 0.109 3684.44

Bitumen 1.83 1055.00 1932.87 51.00 98576.14 0.430 831.13

Plain Concrete 10.19 2460.00 25076.26 0.84 21064.06 0.109 2733.31

160618.52 8379.46

Total 907698.95 Total 63879.52

EE Embodied Energy

EC Embodied Carbon

Notes Embodied values (EE & EC) for cement ti les were estimated to the nearest value for lack of imformation

EC

Cradle to Gate

Embodied Energy and Carbon CoeffecientsConventional Envelope

EE

Table 1 EE and EC calculations for the case study’s conventional envelop     Source [6], [7]

Figure 6 Conventional envelope specs.          Source [13]

Conventional Walls 
Thickness = 29.0cm 
U-Value = 1.58 W/m².K 

Conventional Roof 
Thickness = 44.0cm 
U-Value = 0.40 W/m².K 

Conventional Floor 
Thickness = 37.0 cm 
U-Value = 0.40 W/m².K 
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5. House functions and earth properties link 
House is building designed to sustain human 
life, and like human body a structure that 
should provide four basic functions:  
1. Self-supporting Structure to stand on its 
own and defines the inside of it with the 
different functions (Human Body) and the 
outside (The world).  
2. Temperature Stabilizers for the internal 
body against the variation of the external 
temperature through the different times of the 
day and seasons of the year.  
3. Separation From outside elements that may 
cause damage for the inside.  
4. Connection or Constant exchange with the 
outside that allows the inside to survive.  
 
When linking these four functions with earth as a building 
material, earth will be responsible for the first three 
functions when used independently with high density to be 
able to achieve the structural part. When earth is used with 
other materials that can carry the structural part such as 
reinforced concrete, the formula will be changed to a 
balance between structure and temperature stabilizer. As 
shown in (table 2), earth walls will have less thermal 
conductivity when its density is reduced; therefore the key 
approach to get the best from earth as a building material is 
to reduce its density to the minimum possible when using it 
in the different parts of the building’s envelope. Earth 
buildings can be integrated with all elements of buildings 
envelope as shown in the traditional examples in (fig.8). 
The 600kg/m³ density are the typical for walls, and the 300 
kg/m³ can be used as insulation layers for roof and floor, to 
improve the indoor thermal performance. Moreover, earth 
Plasters contribute in improving indoor climate including 
breathability and balancing indoor humidity by absorbing 
moisture. In addition to that, Earth and lime based paints 
considered to be a healthy alternative for the unbreathable 
synthetic paints that emits the Volatile Organic Compounds 
(VOCs) into the atmosphere that cause many health 
problems. The whole life cycle of earth has no synthetics or 
toxic components which contributed in improving the 
indoor air quality, in addition to the thermal performance. 
   

 

Figure 7 The augmented body: The four functions of a house 
Source [11]

Table 2  Dry density of earth building materials 
and calculated thermal conductivity 
Source [3]  Translation: Author 

Figure 8 Typical traditional 
earth based sections in 
building’s envelope elements 
(Walls, Roof and Floor)   
Source [9] 
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6. Earth based envelope alternative analysis is the step of improving the conventional 
envelope towards earth based alternatives by applying and comparing theses improvements.  
 
Walls: Typical unbaked lightweight earth wall with 
density of 600 kg/m³ to be used instead of the 
conventional red fired bricks. For the finishing, a 
limestone to be used for external rendering for 
weather protection, and earth plaster to be used for 
internal walls to increase humidity balance for better 
comfort, and lack of any synthetic materials or VOC’s 
emitting. The same thickness of 29cm composition 
makes the U-value of the wall 0.53 W/m².K, which is 
almost three times less than conventional.     
 
Roof: The roof Earth alternative will be by replacing 
the polystyrene, sand and the sloped concrete with 
lightweight earth layer to do their functions. The 
cement mortar is to be changed with lime mortar. The 
46 cm thickness makes the U-value slightly less than 
the conventional of the 0.4 W/m².K, but the real 
advantage of using recyclable materials can highly 
justify this amendment. 
 
Floor The plain concrete was used as a base floor for 
the conventional building can totally be replaced by 
25cm of gravel followed by the DPC, then 12 cm of 
lightweight earth layer to act as thermal insulation and 
earth mortar to be added for finishing. The 43 cm 
makes the U-value 0.26 W/m².K, which is better than 
the 4.0 W/m².K of the conventional one, in addition to 
the recyclable materials used instead of concerete. 

 
 
Earth based envelope 
embodied energy & carbon  
The proposed earth based 
envelope reduces the total 
embodied energy to 412,066 
MJ, and the embodied carbon 
to 24,455 kgCO2 as shown in 
(table 3). The highest reduction 
happened in the walls with 
more than 80% of the total 
reductions in the two items 
with lower U–value that will 
have high potentials to reduce 
operational energy as well.  

Item Volume (m³) Density kg/m³ Total  Weight (kg) EE/kg (MJ) Total  EE (MJ) EC/kg (kgCO2)  Total  EC (kgCO2)

External  Walls

Lime Plaster 5.42 1600.00 8670.56 5.30 45953.97 0.740 6416.21

Lightweight Earth Wall 88.08 600.00 52847.46 0.45 23781.36 0.023 1215.49

Lime Plaster (Internal) 8.57 1600.00 13712.16 0.45 6170.47 0.023 315.38

75905.80 7947.09

Volume (m³) Density kg/m³ Total  Weight (kg) EE/kg (MJ) Total  EE (MJ/kg) EC/kg (kgCO2)  Total  EC (kgCO2)

Roof

Cement Tiles 1.83 2100.00 3837.75 2.05 7867.39 0.12 460.53

Lime Mortar 1.83 1600.00 2924.00 5.30 15497.20 0.74 2163.76

Lightweight Earth  18.28 300.00 5482.5 0.45 2467.13 0.023 126.10

Bitumen 1.83 1055.00 1928.0125 51.00 98328.64 0.43 829.05

Reinforced Concrete 20.39 2300.00 46890.56 2.12 99407.99 0.24 11300.62

223568.34 14880.06

Volume (m³) Density kg/m³ Total  Weight (kg) EE/kg (MJ) Total  EE (MJ/kg) EC/kg (kgCO2)  Total  EC (kgCO2)

Ground Floor

Cement Tiles 1.83 2100.00 3847.41 2.05 7887.19 0.12 461.69

Earth Mortar 1.83 1600.00 2931.36 0.45 1319.11 0.023 67.42

Lightweight Earth  10.99 300.00 3297.78 0.45 1484.00 0.023 75.85

Bitumen 1.83 1055.00 1932.8655 51.00 98576.14 0.43 831.13

Gravel 22.90 1750.00 40077.1875 0.08 3326.41 0.0048 192.37

112592.85 1628.46

EE Embodied Energy Total 412066.98 Total 24455.61

EC Embodied Carbon

Notes Embodied values  (EE & EC) for cement ti les were estimated to the nearest value for lack of imformation

Embodied values  (EE & EC) for l ime plaster were estimated for the average l ime value for lack of exact imformation

Cradle to Gate

Earth Based Alternative Embodied Energy and Carbon Coeffecients

EE EC

Earth based Walls 
Thickness = 29.0cm 
U-Value = 0.53 W/m².K 

Earth based Roof 
Thickness = 46.0cm 
U-Value = 0.38 W/m².K 

Earth based Floor 
Thickness = 43.0 cm 
U-Value = 0.25 W/m².K 

Table 3 EE and EC calculations for earth based 
envelope for the case study 
Source [6], [7] 

Figure 9 Earth based envelope specs.      Source [13]
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7. Earth based Ecotect analysis and sustainable 
properties comparisons 
A typical model was built in Ecotect for the case study, 
taking into consideration internal gains, occupancy and 
any factor may affect the indoor temperature. The 
cooling demand simulated was 1.47% higher than the 
actual one, therefore it was successfully 
considered as base case to apply alternatives. 
Simulation of the building using the earth based 
envelope with the properties in the previous 
section, will lead to 62.97% reduction for 
cooling demand and drop it to 3,736.56 kWh/y 
as shown in (Table 4). This will reduce the 
cooling consumption from 89.12 kWh/m²/y to 
33.48 kWh/m²/y. Moreover the earth based 
envelope successfully reduced the embodied 
energy and the embodied carbon to more than 
50% as planned, when comparing results of 
table 1 & 3 in (table 5). 
 

8. Conclusion 
The paper was set out to discuss the sustainable properties of an alternative earth based 
envelope against concrete and red fired bricks based conventional envelope used in Egypt.  
The earth Based envelope with similar proportion and thicknesses proved a very healthy and 
useful tool for the envelope towards improving towards the sustainable direction. Changing 
the envelope to earth based managed to decrease the embodied energy with more than 50%, 
the embodied carbon with more than 60%, and the operational energy used for cooling inside 
the building with more than 60% too, to be 33.48 kWh/m²/y. Further improvements still can 
be added to achieve more reductions, such as using PVs to generate green electricity. 
Ecological buildings with this kind of performance are needed for the rapid growing country 
in developments, population, energy and electricity generation that 40% of it is consumed by 
the residential sector. Earth based building materials are locally available in Egypt as it is 
with reinforced concrete. and earth based envelope can be integrated with reinforced concrete 
structure, when it is needed in the highly dense parts of Egypt for vertical expansion, and its 
potentials of saving infrastructures, and both techniques can work together to achieve their 
advantages with less energy demand. 
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Total EE (MJ) Wall Roof Floor Total

Conventional  502415.25 244665.18 160618.52 907698.95

Earth Based Alternative 75905.80 223568.34 112592.85 412066.98

Saved EE (MJ) 426509.45 21096.84 48025.67 495631.96

% EE Saved from total savings 86.05% 4.26% 9.69%

Total EC (kgCO2) Wall Roof Floor Total

Conventional Wall 39688.40 15811.66 8379.46 63879.52

Earth Based Alternative 7947.09 14880.06 1628.46 24455.61

Saved EC (kgCO2) 31741.31 931.60 6750.99 39423.91

% Saved EC from total savings% 80.51% 2.36% 17.12%

Table 4 Simulated cooling demand for the conventional and 
earth based alternative (Ecotect). 

Table 5 EE and EC comparison between conventional and 
earth based envelope  

Conventional Earth Based Difference  Difference %

Total Cooling (kWh) 10091.99 3736.56 6355.43 62.97


