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Abstract- Urban development is a key consumer of energy, a structural system based on generic services facilities is 

introduced by Al-Rifaie and prefabricated ferrocement cavity wall and roof panels within the proposed system present a series 

of possibilities for the solution of building construction at maximum reduction of the electrical energy. The energy required to 

run the building using the proposed ferrocement construction system and the use of traditional method of construction is 

determined. It may be concluded that the modern method (ferrocement eco-housing system) is able to produce very energy 

efficient dwellings. 
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1. Introduction 

Urban development is a key consumer of energy, in 

other words, a basic product of environmental pollution and 

therefore, the relationship between several elements such as 

building materials of natural and manufactured building 

materials and renewable energy sources and energy sources 

depleted should be determined. Since the green building is 

always based on the concept of the 3R (reduce, reuse, 

recycle), it doesn’t matter which te
‡
chnology that would be 

adopted [1]. Actually, it has been reported that it is not 

difficult to achieve a green building, this is clear through 

many success accomplishments in this field. As a matter of 

fact, the golden point of this success is the architect's mind, 

because merely it needs implementing simple and practical 

technologies which can be selected through deep 

understanding of the objective and the local conditions. 

Fenga [2] clarified that the green buildings’ forms and the  

combined technology will be always changed, because the 

green buildings must meet the local features, which may 

refer to the local natural, economic, social resources and to 

many other conditions.  It has been known that green 

building can be defined in many forms. Using ecologically 

based principles [3], green building can be defined as the 

healthy facilities, which is designed and constructed in a 

resource-efficient manner. It is worth noting that green 

building has been used as a term interchangeable with 

sustainable building and high performance building. 

Robichaud and Anantatmula pointed out that there are four 

pillars of green buildings ,i.e. minimization of impacts on the 

environment, enhancing the health conditions of occupants, 

there turn on investment to developers and local community, 

and the life cycle consideration during the planning and 

development process [4]. Common elements of these 

definitions are: life cycle perspective, environmental 

sustainability, health issues and impacts on the community 

[5]. Despite of  massive and up to date technologies that have 

been implemented to produce more effective sustainable 

buildings, green building is considered to have a major goal 

which is mainly to minimize the whole  effect of the 

constructed environment on the human health and the natural 

environment through the following objectives of the 

sustainable building: (a) Life cycle assessment (LCA), (b) 

Energy Efficiency and Renewable Energy, (c) Water 

Efficiency, d) Environmentally Preferable Building Materials 

and Specifications (e) Waste Reduction, (f)Toxics Reduction 

(g) Indoor Air Quality, (h) Smart Growth and Sustainable 

Development, (i) Environmentally Innovative materials and 

services [6]. The satisfaction of building users is closely 

related to thermal comfort which is a complex dynamics of 
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temperature and humidity [7–9]. This has attracted extensive 

attention from researchers to simulating and measuring the 

thermal comfort level in green building compared to 

conventional buildings. As a result, the range of room 

temperature required could be proposed [10,11]. Psycho- 

logical, physiological, cultural and behavioural factors may 

play a role as well which attributes to adaptive thermal 

comfort [12–15], whereas a survey instrument for the 

identification of problems in respect to energy-efficient 

design which affecting the occupants’ comfort was 

developed by Huat and Akasah [16]. A complete solution to 

meet energy demand of an Indian village by renewable 

energy sources was presented by Singh and Mishra [17], 

where  the optimization (biomass + solar) was done by 

Hybrid optimization Model for Electric Renewable 

(HOMER) which provides a better understanding of 

utilization of renewable resources in an isolated /off grid 

locations. The upgrades and expansions of primary feeders 

from normally closed loop to a mesh arrangement have been 

explored for building a friendly environment for renewable 

energy resources [18], where the effects of the 

interconnection of distributed renewable energy resources 

(DER) on a meshed distribution network under normal and 

abnormal operation conditions were investigated. 

As a matter of fact, the majority of  homes in Iraq are 

built using traditional masonry construction for walls. Now 

these days in Iraq a large number of homes with their walls 

are built either by concrete block or by stone block 

constructions. Sixty years ago clay brick jack arching was the 

method of construction for slabs and/ or roofs and since then 

most of homes their slabs or roofs are reinforced concrete 

constructions. Generally, in the last three decades, 

ferrocement has been developed and adopted significantly in 

many applications, and this is obvious through the advanced 

techniques and design theories that have been used. 

Production of ferrocement members, like roofs, walls as well 

as floors have been tested experimentally at the Building and 

Construction Engineering Department of University of 

Technology, Iraq. Building system must not only cope with 

strengths and flexibility requirements, but the insulation 

value is of high importance. In summer heat must be kept 

outside as much as possible. The great demands of electric 

power due to heating and air-conditioning systems require 

control to make maximum reduction of the electrical energy. 

The increasing demand to low energy houses has led to the 

introduction of so called green houses. Improving the 

thermal performance of any building is considered as one of 

the major and important goal through adopting green or eco-

house principle. This can be achieved through keeping the 

heating or the cooling energy consumption in low levels 

during the year. Green or eco-houses may then be built using 

the proposed ferrocement system with a well-insulated. 

Simply made of cement–sand mortar of a 10-50mm 

thickness, and using layers of fine wire meshes as a 

reinforcement, with or without skeletal reinforcement, a thin 

reinforced concrete, i.e.,  ferrocement [17-22] is considered 

to have a great potential. Ferrocement is an excellent 

construction material due to its mechanical properties, and 

low cost, and it is considered to possess  high cracking 

strengths. Cement mortar is a material used in construction 

of ferrocement which is a cement composite material made 

up of Portland cement, sand, water and sometimes 

admixtures [23-31]. It is well known that, in order to save 

annually hundreds of kilograms of emitted CO2, it is 

necessary to adjust the thermostat of the heating or the 

cooling systems by just 3 degrees, through turning the heat 

down and the cooling up. A structural system based on 

generic services facilities is introduced by Al-Rifaie and 

prefabricated ferrocement cavity walls and hollow roofs 

within the proposed system [32] which introduce a possible  

solution of building construction at maximum reduction of 

the electrical energy and the modern system provide 

excellent thermal insulation. Reducing the amount of energy 

required to run a building means reducing the emissions of 

carbon dioxide. The emissions of carbon dioxide depends on 

the fuel source for kWh. If it is wind, solar, hydroelectric or 

nuclear, then zero pounds of carbon dioxide are created. To 

estimate CO2 emissions per kWh, the U.S. average in 2005 is 

adopted in the present work [33]. The average is 

approximately 1.31 pounds of CO2 per kWh generated. The 

energy required to run a building using the proposed 

ferrocement structural system and the use of traditional 

methods of construction is determined and the possibility of 

using the renewable energy production rather than energy 

depleted is presented.  

2. The Proposed Modern Method of Eco-Housing 

Construction (Ferrocement System) 

A structural system [34] for ferrocement construction 

based on generic services facilities is introduced. The 

construction concepts as shown in Figure 1 lend themselves 

readily to rapid delivery and assembly of flexible 

accommodation where designs can be adapted to meet local 

requirements for both structural performance and thermal 

comfort as demonstrated. The structural part of the house 

consists of three basic components; the base, walls, and 

roofs. An integral framing concept allows for overall above-

ground structural integrity which considerably exceeds that 

of traditional methods and this minimizes the need for 

ground works in all. The membrane construction also enables 

new concepts in passive downdraught cooling to be explored 

where airways are incorporated within structural features as 

wall cavities. Potential applications of the system include 

sustainable solutions for disaster relief and secure 

accommodation.In comparison with the traditional 

construction systems, ferrocement has many benefits, which 

can be summarized according to the following perceived 

advantages: 

1. Controlled manufacture, i.e., very high quality 

control. 

2. Pre-Fabricated products and fast construction. 

3. Reduced labor requirements and manpower can be 

easily trained at site. 

4. Cost reduction, 15-50% cheaper than conventional 

techniques. 

5. Less maintenance and improved safety. 

6. Reduction in dead weight, 50-75% lighter than 

conventional techniques. 

7. Reduced wastage. 
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8. Basic raw materials are available. 

9. Reduced energy use for heating and cooling. 

10. Ferrocement is very adequate to resist the impact, 

due to its higher ability of absorbing impact energy 

as compared with the conventional reinforced 

concrete, and the damage is localized at the impact 

zone [35]. 

11. The ferrocement building components can withstand 

direct fire with a temperature values up to 756 oC 

for a period of 2½ hours with no segregation in the 

surface of the elements facing the fire [36]. 

12. Rehabilitations and strengthening of reinforced 

concrete elements by using ferrocement technique is 

very effective in increasing the cracking and 

ultimate loads and increasing the impact resistance 

[37]. 

 

Fig. 1. The proposed ferrocement system for house construction. 

Building system must not only cope with strengths and 

flexibility requirements, but the insulation value is of high 

importance. In summer heat must be kept outside as much as 

possible. The structural system for ferrocement construction 

based on generic services facilities and insulating these 

structures involves the application of insulation material by 

means of cavity wall which consists of two leaves (sides) of 

ferrocement separated by a wide space and ferrocement 

hollow slab construction. Insulation material is used through 

a cavity walls and hollow slabs. Test was carried out on 

panels with insulation elements as shown in Figure 2. 

The obtained results as shown in Figure 3 showed that 

cavity wall construction consists of two leaves (sides) of 

ferrocement, separated by air space  and the insulation 

elements positioned as shown  gives a very good solution for 

insulation as shown in the figure, air is still the actual 

insulator, consequently reducing the demand to electrical 

energy. 

 

Fig. 2. Ferrocement insulation panels. 
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Fig. 3a. Heating measurements of cavity ferrocement panel representing walls. 

 

Fig. 3b. Heating measurements of horizontal hollow ferrocement panel representing slabs. 

As stated earlier that the structural system which 

consists of two leaves (sides) of ferrocement (30 mm each) 

separated by a wide space and insulation material is used 

through a cavity wall.  Test was carried out on a ferrocement 

cavity wall panel with insulation panel placed between the 

two leaves of the wall panel as  shown. The obtained results 

showed a very good solution for insulation, (air is still the 

actual insulator), consequently reducing the demand to 

electrical energy. Cavity wall insulation may also be used to 

reduce heating/or cooling losses.   

3. Energy Assessment 

In home construction there are  two main areas have to 

be in focus: energy efficiency and construction efficiency. 

The present work concern with energy efficiency. In fact 

energy performance is highly prioritized in the development 

of building systems and construction productivity. The 

obtained results are compared with the proposed ferrocement 

construction method. Five kinds of traditional construction 

methods are:     

 Method 1; concrete block walls and reinforced 

concrete slab/ roof.  

 Method 2; clay brick walls (with cement mortar) and 

reinforced concrete slab/ roof. 

 Method 3; stone walls and reinforced concrete slab/ 

roof. 

 Method 4; clay brick walls (with cement mortar) and 

clay brick arching slab/ roof. 

 Method 5; ferrocement system. 

It may be noted that the materials used for outer and 

inner wall finishing considered through the determination of 

heating and cooling loads are cement mortar and gypsum 

plastering respectively. Also, 100 mm concrete lining and 50 

mm tiles with cement mortar for ground finishing and 150 

mm soil and 40 mm tiles for roofing are considered in the 

determination of heating and cooling loads. 

4. Residential Heating and Cooling Load Calculation 

Requirements 

For assessing the energy efficiency of a residential 

house, the design temperatures for use in performing load 

calculations considered in the present work are:   

 In winter: Indoor = 25 
o
C , Outdoor = 0 

o
C 

 In summer: Indoor = 23 
o
C , Outdoor = 57 

o
C 

To determine the annual heating and/ or cooling energy 

consumption of a residential home using various traditional  

construction methods usually used in Iraq and most of 

Middle East Countries, the following formulas are used in 

the present investigation [38, 39]. 

 

 

Rear face 22
o
C 22 Front face 230.1

o
C 

Upper face 28
o
C  Lower face 345.1

o
C 
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4.1. Heating Load 

Qp = Up Ap(ti – to)                   (1) 

Where: 

Qp  =  Heat Loss from the panel, Watt  

Ap  =Net Area (normal to heat flux direction), m
2 

ti = Indoor temperature(desired temp.), 
o
C 

to = Outdoor temperature, 
o
C 

Up = Panel overall heat transfer coefficient, 

Up = 1/∑Rth , Watt/ m
2
.
o
C. 

Rth = Thermal resistance(for each layer  of panel), 

m
2
.C

o
/Watt   

Rth = L/K.A   

L = Panel layer thickness. m  

K = Thermal conductivity (for each layer according to 

the material used), Watt/m.
 o
C 

A = Area (normal to the heat flux). m
2
   

4.2. Cooling Load 

q=U.A.CLTD                                                    (2) 

Where: 

q = Heat gain (from walls and roofs), Watt  

U = Wall overall heat transfer coefficient, Watt/ m
2
.
 o
C  

A = Area (normal to the heat flux direction), m
2
   

CLTD (Cooling load temperature difference ), 
o
C  

4.3. Heat Gains from` Doors And Windows (Glasses) 

q/A=(SC).(SHG)max.(CLF)                (3) 

Where: 

q/A: Heat gain per unit area of glass, Watt/ m
2 
  

SC : shading coefficient. 

SHG: solar heat gain. 

CLF:  cooling load factor. 

 

The values of the overall heat transfer coefficient of each 

of the structural panel considered in the present investigation 

are given in Table 1. 

The 77 m
2
 residential house shown in Figure 4 is chosen 

for comparison. 

Table 1. The determined values of heat transfer coefficient for the structural panels considered in the present investigation 

Structural member Panel system
 

Up= Heat transfer coefficient 

Wall. 

Concrete block 5.485 

Clay brick 4.835 

Stone 3.5 

Ferrocement cavity wall with insulation panel 

positioned between the two ferrocement leaves. 
0.22 

Roof
 

Reinforced concrete 2.31 

Clay brick jack arching 2.1719 

Ferrocement channel like cross-section 0.1337 

 

Fig. 4. The 77 m
2
 residential house adopted in the present work. 
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Heating and cooling loads can be determined using a 

whole house approach. Using expressions 1, 2, and 3, the 

heating and cooling loads are calculated as given in Tables 2 

and 3. It may be noted that 1 Ton of refrigeration = 3.517 kW 

is used `for calculating the amount of heating or cooling. It is 

assumed in the present work that a single home need to run 

20 hours of electricity per day to cover the need for heating 

and cooling as given in Tables 2 and 3.   

To estimate carbon dioxide (CO2) emissions, the U.S. 

average of CO2 per kWh in 2005 which was approximately 

1.31 pounds per kWh is adopted15 to determine the 

emissions of CO2 per month as given in Tables 4 and 5. 

Table 2. The calculating values of heating loads 

Construction system Heating load 

Wall Roof kW Ton 

Concrete block 
Reinforced 

concrete 
25.17 7.157 

Clay brick 
Reinforced 

concrete 
19.345 5.5 

Stone 
Reinforced 

concrete 
16.45 4.677 

Clay brick 
Clay brick 

jack arching 
22.75 6.47 

Ferrocement cavity 

wall with insulation 

panel positioned 

between the two 

ferrocement leaves. 

Ferrocement 

Channel like 

cross section 

9.328 2.653 

Table 3. The calculated values of cooling loads 

Construction system Cooling load 

Wall Roof kW Ton 

Concrete block 
Reinforced 

concrete 
23.257 6.613 

Clay brick 
Reinforced 

concrete 
21.172 6.02 

Stone 
Reinforced 

concrete 
18.147 5.237 

Clay brick 
Clay brick 

jack arching 
20.94 5.954 

Ferrocement cavity 

wall with insulation 

panel positioned 

between the two 

ferrocement leaves. 

Ferrocement 

Channel like 

cross section 

8.012 2.278 

Table 4. Comparison of heating load and CO2 emission for 

construction methods 

Method of 

Construction 

Heating load Emission of 

CO2 kg/month kW kWh/ month 

Method 1 25.17 15102.87 7741.1 

Method 2 22.98 13787.64 7066.9 

Method 3 20.08 12049.19 6175.9 

Method 4 22.75 13649.26 6996 

Method 5 9.33 5597.29 2868.9 

 

Table 5. Comparison of cooling load and the emission of 

carbon dioxide between different method of construction 

Method of 

Construction 

Cooling load Emission of 

CO2 kg/month kW kWh/ month 

Method 1 23.26 13954.58 7152.55 

Method 2 21.17 12703.67 6511.38 

Method 3 18.42 11050.24 5663.9 

Method 4 20.94 12563.39 6439.4 

Method 5 8.01 4807.25 2463.9 

It may be noted that there are some sources that generate 

heat inside the house  have been taken into consideration 

such as cooker, and frozen refrigerator and sources that have 

been neglected such as house lighting.  

The reduction in the amount of energy needed for 

running heating or cooling of 77 m
2
 house shown in Figure 2 

when the modern ferrocement system is used, may leads us 

to the possibility of using renewable energy rather than 

physical energy depleted. Since wind energy is considered as 

one of the renewable energy system, since it produce 

electricity by using the power of the wind to drive an 

electrical generator [40], so it was proposed of using solar 

energy or wind energy or both combined, as illustrated in 

Figure 5. 

 

Fig. 5. Proposal for the possibility of using solar energy or 

wind energy or both combined. 

5. Conclusion 

1 High standards of energy efficient housing 

construction have been demonstrated in the present work. It 

may be seen that the modern method (ferrocement eco-

housing system) is able to produce very energy efficient 

dwellings. It is seen that with thermal insulation installed as 

part of the construction panels lend to achieving high levels 

of thermal performance.  

2 Using method 5 (ferrocement eco-housing system), 

the reduction in energy consuming in heating and cooling 

loads in comparison with traditional methods 1, 2, 3, 4, may 

be summarized as: 63, 52, 44, 59% for heating and 66, 62, 

56, 62%  for cooling respectively. 

3 Upon to what have been stated in conclusion 2, the 

reduction in the emission of CO2 when method 5 is used for 

house construction may in comparison with the traditional 
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methods 1, 2, 3, 4 be summarized as: 63, 59, 53, 59% for 

heating and 65, 75, 65, 72% respectively. 
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