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Table A4. Comparison of Initial Investment and Energy Costs (SR)
for Different Types of Building Materials

Material Roof * Material Machine Total Annual
Dimensions Cost Cost Initial Enerqgy
(mm. ) Cost** Cost
Clay Bricks (3) C 13,621 36,000 49,621 19,650
(300x200x%x200) H 15, 422 32,000 47,422 16,360
Cclay Bricks (4) C 13,621 40,000 53,621 19,950
(40%20x20) H 15,422 32,000 47,422 16,675
Clay Bricks (6) c 13,621 36,000 49,621 18,925
(30%X20x20) H 15,422 32,000 47,422 15,700
Concrete Block-1 C 12,402 44,000 56,402 22,570
(400%x200x200) H 14,203 36,000 50,203 19,242

CH 12,000 36,000 48,000 20,372
Sandlime C 24,881 48,000 72 ;881 24,600
(220X65%105) H 26,682 40,000 66,682 21,218
Prefabricated 8- 63;589 50,000 113,589 29, 350
Concrete Wall H 65,390 42,000 107,390 21,904
Siporex C 25,639 36,000 61,639 18,560
(610%245x200) H 27,440 32,000 59,440 15,278
* C = Concrete Slab (Cost of wall material + Concrete Slab)
H = Clay Hordi (Cost of wall + clay hordi ceiling)
CH = Concrete Hordi (Cost of wall + concrete block hordi ceiling)

** Total Initial Cost + Material Cost + Airconditioning Machine Cost
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Table A2. Thermal resistance of captive air space for
vertical walls at mean temperature 35°C.

Captive Air Space Thickness Resistance
(mum) m4K /W
25 0.153
50 0.166
s 0.172
100 0.174




Table Al. Physical and thermal properties of building materials.
vpe Nominal Descri-| d | AD | TD SD Thermal Properties
Dimen. ption
(cm) k1l K2 R R2
lay (1) 30*%20%*10 Regularn 10 834 | 1634 83 | 0.254] 0.440[ 1.290 0.227
lay (2) 30*%20*15 Regularn 15 778 | 1525 117/ 0.287/ 0.497 1.715 0.302
lay (3) 30*%20*20 Regular 20 833 | 16331 167 0.344] 0.595/ 1.908 0.336
slay (4) 40*20*20 Regular 20 812 [ 1272 163] 0.376] 0.650, 1.748 0.308
*lay (5) 45*%20*20 Hordi 20 722 | 1449 144 0.348/ 0.603| 1.887 0.332
clay (6) 30%20%20 Regularxn 20 690 | 1577 138] 0.272] 0.470| 2.413 0.425
clay (7) 24*11%*11 e 11 1205 1675 1331 0.326] 0.564] 1.158 0.204
clay (8) 24*%11*17.5 S 17.5 1190f 1672 208/ 0.433] 0.750 1.290 0.227
onc. (1) 40*20*20 Hollow | 20 12031 1984 241 0.803| 1.389 0.818 0.144
conc. (2) 40*%20*15 Hollow | 15 1011} 1451 202 0.678 1.173/ 0.726 0.128
Eonc. (3) 40*20*10 Hollow | 10 1827 2324 183 0.555/ 0.960| 0.590 0.104
Conc. (4) 40*%20*10 Solid 10 21221 2122| 212 0.704] 1.219 0.465 0.082
Eonc. (5) 37*%20*20 Hordi 20 1083 2303} 217 0.631] 1.092[ 1.039 0.183
Sandlime 24*11.5%17.5 Hollow | 17.5 1510 1795 264 0.634] 1.097 0.903 0.159
Sandlime 22%6.5%10.5 | So6lid 10.5/ 1864 1864 196/ 0.650, 1.125 0.530 0.093
prefabric, —————- Solid 10 2245| 2245 224 0.783/ 1.355 0.419 0.074
Siporex 61*24.5*20 Solid 20 633 | 633 | 127 0.221]| 0.383] 2.963 0.521
Cement - 61*61*1.3 Solid 1.3 1682 1682 22 | 0.460[ 0.797 0.091 0.016
Plaster
= Thickness, cm; AD = Apparent density,Kg/m3;
D = True density,Kg/m3; SD = Surface density,Kg/m2;
L = Thermal conductivity,Btu/hr.ft.°F; k2 = Thermal conductivity, W/mPK;
| = Thermal resistance,hr.ft.? °F/Btu; R2 = Thermal resistance,méK/w
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Table 5. Comparison of initial investment and energy costs (SR) for different types of

building materials.

Material Roof Material Machine Total Annual
Dimensions Cost* Cost Initial Energy
(mm.) Cost** Cost

Clay Bricks (6) C 13,622 36,000 49,622 18,925
(30x20x20) H 15,422 32,000 47,422 15,700
Concrete Block-1 C 12,403 44,000 56,403 22,570
(400x200x200) H 14,203 36,000 50,203 19,242

CH 12,000 36,000 48,000 20,372
Sandlime i 24,882 48,000 72,882 24,600
(220x65x105) H 26,682 40,000 66,682 21,218
Prefabricated C 63,590 50,000 113,590 25,350
Concrete Wall H 65,390 42,000 107,390 21,904

* C = Concrete Slab (Cost of wall + concrete Slab)
H = Clay Hordi (Cost of wall + clay hordi ceiling)
CH = Concrete Hordi (Cost of wall + Concrete block hordi ceiling)

** Total Initial Cost = Material Cost + Airconditioning Machine Cost
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Table 5. Comparison of initial investment and energy costs (SR) for different types of

building materials.

Material Roof Material Machine Total Annual
Dimensions Cost* Cost Initial Energy
(mm.) Costx* Cost
Clay Bricks (6) G 13,622 36,000 49,622 18,925
(30x20x20) H 15,422 32,000 47,422 15,700
Concrete Block-1 & 12,403 44,000 56,403 22.570
(400x200x200) H 14,203 36,000 50,203 19,242

CH 12,000 36,000 48,000 20,372
Sandlime C 24,882 48,000 72,882 24,600
(220x65x105) H 26,682 40,000 66,682 21,218
Prefabricated C 63,590 50,000 113,590 25,350
Concrete Wall H 65,390 42,000 107,390 21,904

* (C =Concrete Slab (Cost of wall + concrete Slab)
H = Clay Hordi (Cost of wall + clay hordi ceiling)
CH = Concrete Hordi (Cost of wall + Concrete block hordi ceiling)

** Total Initial Cost = Material Cost + Airconditioning Machine Cost
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Table 4. Required air-conditioning system capacity and energy consumption for the typical

house built of different types of building matenials.
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DCI1-D = Day-Schedule

DC2-D = Day-Schedule

DC1-W = Week-Schedule

DCl1 = Schedule

INF1 = Schedule

HEAT-1

Schedule

COQOL-1 Schedule

Table 3. Schedules.

$ Occupancy Schedule

$ Schedule for week days
(1,7) (1.0) (8,12) (0.5)
(13) (1.0) (14,16) (0.5)
(17,19) (1.0) (20,22) (0.8)

$ Schedule for weekends

(1,7) (1.0) (8,12) (0.5)
(13) (1.0) (8,12) (0.5)
(17,20) (0.1) (21,24) (1.0)

(MON,WED) DC1-D
(THU,FRI) DC2-D
(SAT,SUN) DC1-D
(HOL) DCI-D

Thru Dec. 31 - DC1-W

$ Infiltration Schedule
Thru Dec. 31 (ALL) (1,24) (1)
$ AIC Schedule
Thru Dec. 31 (ALL) (1,24) (75)
Thru Dec. 31 (ALL) (1,24) (75)
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Characteristics

Table 2. Characteristics of buildin g, System, and operating conditions
for the typical house.

= “— = _—

Base Condition

-_—

N O o B

co

10
11

12

Shape and size
Ceiling height

External walls

Glass area
Type of glass
Floor

Ceiling

People

Infiltration rate
Thermostat type
Thermostat setting

Average COP of cooling
system

Rectangular Plan
3.3 m

12.7 mm plaster +
12.7 mm plaster
13.29% of wall area
Single pane

Slab on grade

9.53 mm membrane + 150 mm
concrete slab + 12.7 mm plaster

6
Residential
Proportional

24°C for cooling and
heating

2.2
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and sandlime bricks, concrete blocks, and prefabricated concrete walls were made. The
correlations were linear (Figure 10) and showed that a house built of clay bricks consumes
less energy (at least 9 percent) than a house built of concrete blocks.

the result on the National level will be reduction of operation and maintenance costs of
existing systems, as well as reduction of investment in future power stations. As power
generation is mainly by the burning fossil fuels, less energy consumption will have a
positive impact on the efforts to reduce air pollution.
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where P is the difference in initial investment in Saudi Riyals and 4 is the cost of annual
€nergy savings in Saudi Riyals. The payback period considered with money discount

becomes:
n =log [A/(A-1P)]/log(1+i) (2)

where i is the discount rate (%/100). The option having the shorter payback period is
usually the preferred investment.

Table 5 shows the initial cost of material and the air-conditioning system as well as the
annual cost of electric energy. Since a clay brick house has the lowest initial and running
Costs among the four types of building material, there was no need to calculate the payback
period in order to show the cost effectiveness of buildings in clay bricks.

SECTION 4 RESULTS AND DISCUSSION

The KFUPM/RI project team carried out the tasks in Section 2 and completed the
required work. Measured values of thermal conductivity for clay bricks ranged between
0.440 W/m°K (0.254 Btu/hr ft°F) and 0.750 W/m°K (0,433 Btu/hr ft°F) while the thermal
conductivity of concrete blocks, sandlime bricks and prefabricated wall ranged between
0.960 W/m°K (0.555 Btu/hr ft’F) and 1.389 W/m°K (0.803 Btu/hr ft°F) (Tables 1a and
1b). This means that the highest thermal conductivity in clay brick products is lower than
the lowest thermal conductivity of the other three building materials by about 22 percent.
The most commonly used type of clay bricks (Clay-6 in Table 1b) has a thermal
conductivity which is 58 percent less than the lowest thermal conductivity of the other three
materials. Since thermal resistance is inversely proportional to thermal conductivity, clay
bricks have higher thermal resistance.

The effect of high thermal resistance of clay bricks is demonstrated by the lower air-
conditioning machine capacity and annual €nergy consumption reported in Table 4. The
same results are shown graphically on Figures 8-9. More types of building materials are
reported in the Appendix.

The comparison of the initial and annual €nergy costs of the same house between clay
bricks, concrete blocks, sandlime bricks and prefabricated concrete wall (Table 5) shows
that a house built of clay bricks has the lowest total initial and energy costs. If clay bricks
are compared with concrete blocks, which is the second cheapest building material tested, a
savings of 13 percent of the total initial cost and about 15 percent of the annual energy cost
can be made. Although the use of clay brick will add to the material cost, it will reduce
electrical energy costs of the clay brick house by 17 percent and that of the concrete block
house by 15 percent.
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3.2.3 Input Data

A computer program requires a computational program, which is the DOE-2.1A in the
present case and input data. The input data describes the specific building and HVAC
system the user wants to model, in addition to the indoor temperature and humidity
conditions and the outdoor weather conditions. The schedules for occupancy, lighting and
appliances must be given. If a value is not specified, the BDL processor assigns an
assumed (default) value, which will appear in the listing of the input data.

In this study, the building was oriented with the longer side in the north-south
direction. The geometrical dimensions are shown in Figure 4. Input data for wall and roof
construction is shown in Figure 5. Characteristics of the building, the system, and
operation conditions are given in Table 2. Schedules for occupancy, infiltration, and air-
conditioning are given in Table 3. Lighting was not considered in this study, The Dhahran
weather file for 1985 was used for weather data input. Thermal conductivity and density
for the four types of building materials were taken from Table 1. In view of the purpose of
the study, all input data were kept the same for all runs except thermal conductivity,
density, and specific heat of the building material, which were changed according to the
selected material. The results are reported in Table 4. They show the capacity of the
required air-conditioning system to all the house for each type of building material for a
concrete slab roof with and without a Hordi ceiling. It also shows the annual electric
energy consumption as well as the energy consumption for cooling.

3.3 COST ANALYSIS

The objective of this study was to demonstrate the cost-effectiveness of the model
house if it was built of clay bricks versus the other three types of building materials (i.e.,
concrete blocks, prefabricated cement walls, and sandlime bricks). The comparison is
based on the initial investment in the bone of the building, the installed air-conditioning
system, and the energy consumption as obtained by the DOE-2 computer program.
Maintenance cost is not considered.

The payback period method was used in this study. Payback period is the time
required to repay an investment by yearly profit or gain. In this case, investment is the
difference in the initial costs of the options and gain the reduction in energy cost. A simple
payback period may be calculated by not considering the discount rate of the investment. A
more refined way is to take into account the effective cost of the money by considering the
discount rate. Then the simple payback period (n) in years is:

n =P/A (1)
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GROUND FLOOR PLAN

Figure 6e.Typical house, ground floor plan.
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3 percent on an annual basis and 8 percent for the cooling season. This program was used

in the present study.

3.2.2 Model House

For this study, the characteristics of a "typical” sample building were needed. Such a
building was described in an interim report on KACST Project AR-8-049 [15], In that
study, the data for 300 separate single family buildings in Dammam, Riyadh, and Jeddah
were collected and analyzed. These data included number of stories, enclosed floor area,
exterior finishing materials, number and size of windows, type of glass, wall construction,
roof construction, and shape of plan. These data were obtained from three sources: review
of building plans field with municipal authorities, site visits to building under construction,
and interviews with owners and contractors.

The following are the characteristics of the typical house which will be simulated:

Enclosed floor area:
Number of stories:
Height:

Plan shape:

Gross wall area:
Window area:
Structure:

Walls:

uninsulated

Roof:

Exterior finish:

261 m?

2

/m

rectangular

455m?

43m?

cast-1n-place concrete frame

clay bricks, concrete blocks, prefabricated walls, or
sandlime bricks, siporex, plastered inside and outside,

250mm Hord1 slab with roofing, sand fill, and walking
tiles, uninsulated but F filled with clay brick

painted plaster

The plans and configuration of the building are shown in Figure 6. The wall and roof
construction are illustrated in Figure 7.
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3.2.1 The DOE-2.1A Computer Program

Analyzing the energy performance of an air-conditioned residential building is a highly
complex matter involving climate, building type, air-conditioning system, and user
interactions. Performance is determined by the design of the building fabric, air-
conditioning system, and lighting system; occupancy patterns; operating schedules; and
meteorological conditions. To devise an energy efficient design appropriate to the climate,
the effect of various building design options on energy consumption must be investigated
during the conceptual design stage. An exploratory study of this type is only possible with
the use of computers. Models for estimating energy use in residential buildings have been
developed since the energy crisis of the early 1970s. Many of these are complex,
incorporating all major determinants of energy use. These models meet a spectra of
requirements that range from energy audits to the design of new buildings, the calculation
of energy ratings; policy studies, theoretical investigations of new retrofits, and
applications of innovative building materials.

Several computer programs are available for calculating building cooling and heating
loads [7-13]) but only a few are capable of simulating both buildings and systems and
performing hour-by-hour energy analyses using hourly weather data. DOE-2.1A is such a
program prepared by Lawrence Berkeley Laboratory for the United States Department of
Energy. It is a public domain computer program which can be used to explore the energy
behavior of proposed and existing buildings and their associated heating, ventilation, and
air-conditioning (HVAC) systems. Incorporating mathematical models (called algorithms)
and utilizing hourly weather data, DOE-2.1A calculates the hour by hour performance and
the response of a building whose description (geometry, orientation, materials, etc.) has
been provided by the user. It is a great help for engineers and architects in designing
energy efficient buildings that have low life-cycle costs [13],

DOE-2.1A comprises one translation and library program which is called the Building
Description Language (BDL) and four simulation subprograms. In addition, it has a utility
program called the Weather Processor (Figure 5). The Building Description Language
(BDL) translates the design concepts (input data) into a form recognizable by the computer.
The four simulation subprograms are the systems or secondary HVAC simulation sub-
program, the plant or primary HVAC simulation sub-program, and the economic analysis
subprogram. The Weather Processor allows the user to transform various standard
weather tapes to the DOE-2 format, to edit the tapes, and to list them. Each of the above
four subprograms produces printed results of its calculations.

The DOE-2.1A computer program can simulate a number of energy conservation
measures in buildings. It has been widely tested for accuracy. It has an accuracy
(prediction versus measurement) of = 10 percent [14]. The DOE-2.1A program has also
been validated for accuracy in the Dhahran area [15] and it has shown an accuracy of about
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Table 1a. Physical and thermal properties of

building materials (in metric units).

Thermal conductivity,Btu/hr.ft.°F;
Thermal resistance,hr.ft.¢ °F/Btu

- _
Type Nominal Descri- d AD TD SD Thermal
Dimen. ption Properties
(cm) k R
Clay (6) 30%20%20 Reqular 20 690 1577 | 138 | 0.470 | 0.425
Conc. (1) 40*20*20 Hollow | 20 1203 | 1984 | 241 | 1.389 | 0.144
Conc. (5) 37*%20*20 Hordi 20 1083 | 2303 1217 11.092 | 0.183
Sandlime 22*6.5*10.5 Solid 10.5 1864 | 1864 | 196 | 1.125 | 0.093
Prefabric. | =—===== Solid 10 2245 | 2245 | 224 | 1.355 | 0.074
d = Thickness,cm; AD = Ahpparent density,Kg/m3;
TD = True density,Kg/m3; SD = Surface density,Kg/m?;
k = Thermal conductivity,W/m°K;
R = Thermal resistance,m?K/W
Table 1b. Physical and thermal properties of
building materials (in British units).
Type Nominal Descri- d AD TD SD Thermal Prop.
Dimen. ption
(cm) K R
Clay (6) 30*20*20 Regular] 8 43 98 28 0iu 272 2.451
Conc. (1) 40*%20%20 Hollow | 8 70 124 | 49 0.803 0.830
Conc. (5) 37*%20%20 Hordi 8 68 143 | 44 0.631 1.056
Sandlime 22*6.5*%10.5 Solid 4.2 | 116 116 | 40 0.650 0.538
Prefabric: | —————== Solid 140 140 | 46 0.783 0.426
d Thickness, in; AD = Apparent density,lbm/ft3;
TD = True density,lbm/ft3; SD = Surface density, lbm/ft?;
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In this work, thermal conductivity was measured under steady state heat flow according
to the ASTM-C177 standard [5]. The Dynatech guarded hot plate, thermal conductance
measuring system TCFG-R4-6 was used. This system conforms to ASTM-C177 and ISO
2582 specifications (6], The machine is suitable for testing nonhomogeneous materials
(e.g., concrete, masonry, wood products, cellular plastics, etc.).

The test samples (2 x 2 ft) were prepared in the laboratory in the same way they are
assembled on walls. They were left to dry for two days. Five iron-constantan
thermocouples were attached on each surface of the sample (Figure 1) to measure the
surface temperature accurately. Temperatures were recorded by a separate data logger.
The samples were then placed between an upper cold plate and a lower hot plate (Figure 2).

The thermal conductivity of a building material increases with the average temperature
across the sample. The average temperature is usually made equal to 30°C (i.e., the cold
side of the guarded hot plate is kept at 25°C and the hot side is kept at 35°C). In the present
case, the hot side was increased to 45°C in order to get an average temperature of 35°C
across the sample and, hence, to account for the hot summer conditions in Saudi Arabia.
Two samples were tested for each of the four material types (Figure 3), and the average
results of thermal conductivity, density, and thermal resistance are reported in Tables 1a
and 1b and are shown graphically in Figures 4a and 4b. Test results for the other types as
reported in Table Al of the appendix. The measurement accuracy ranged between 2 to 4
percent.

3.2 SIMULATION

An appropriate selection of masonry material should lead to comfortable indoor
conditions with minimum energy consumption. The least expensive way of making such a
comparison 18 by a computer model. The next step is to make a cost-effectiveness analysis
for the chosen option.
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SECTION 2 OBJECTIVES

The objective of this study was to carry out a simulation and cost-effectiveness study of
energy use for a detached single family house built with clay bricks as compared to
concrete blocks, sandlime bricks, and prefabricated concrete walls. The specific objectives
were:

1. To measure the thermal conductivity of clay bricks, concrete blocks, prefabricated
wall, and sandlime bricks under steady state conditions using the guarded hot
plate available in our laboratories.

2.  To prepare input data for modeling a typical average family house in the Dhahran
area.

3. To make computer runs of the DOE-2.1A computer program using input data
from (1) and (2) above.

4. To compare the four wall materials for energy consumption and cost-
effectiveness.

SECTION 3 DISCUSSION OF THE WORK

As mentioned earlier, the building envelope is a major contributor in high energy
consumption. For existing buildings, the only way to reduce the overall heat transfer
coefficient of walls is by adding resistive insulation to the walls. For new buildings, a
material with lower thermal conductivity can be used. This will reduce the cost of extra
insulation and maintenance expenses. The risk of water vapor condensation within the wall
fabric and on wall surface is also less with lower thermal conductivity.

3.1 MEASUREMENT OF THERMAL CONDUCTIVITY

The thermal conductivity of a material is defined as the rate of heat flow across a unit
thickness of the material per unit surface area when a temperature difference of one degree
1s maintained across its surfaces. It is measured in W/m°K. Thermal conductivity depends
on the nature of the material, density porosity, water content, and temperature. Therefore,
it 1s always preferred to give specifications of these variables. Unfortunately, these data are
not always available.
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SECTION 1 INTRODUCTION

This is the final report of the project titled Simulation of energy and cost effectiveness
studies for residential buildings built from clay bricks versus other masonry construction.
The objective of this project was to carry out measurements of the thermal conductivity of
clay bricks, concrete blocks, sandlime bricks, and prefabricated concrete walls. The data
obtained by these measurements were used in a simulation and cost effectiveness study of
energy use for a detached single family house built with clay bricks as compared to the
other three materials (1],

Buildings in Saudi Arabia consume more than 65 percent of the total electric energy
generated in the country compared to 22 percent in the United Kingdom, 21 percent in
U.S.A., and 21 percent in Australia (234, Air-conditioning equipment is the main
consumer with a yearly average of approximately 45 percent (70 percent out of the 65
percent) of the total electric energy generated in the country. The fuel cost is only 10 to 15
percent of the total cost of production, transmission, and distribution of electricity in the
Kingdom. This means that even in an oil rich country like Saudi Arabia, power generation
projects impose a heavy burden on the national budget. Also, the daily temperature range
in Saudi Arabia (difference between minimum and maximum in a day) is about 15 to 20°C
which imposes a requirement for adequate extra installed power generation to deal with
peak loads during summer months. On the individual user side, air-conditioning
equipment is usually oversized, and this leads to frequent on and off operation (or cycling)
of the system and, consequently, high electric current draw and high "wear and tear" rates.

Efficient use of electricity is a duty of all users. Since buildings are the major
consumers, all means should be explored to have energy efficient buildings. This is only
possible by reducing the thermal load on buildings where the thermal transmission through
the building envelope (wall and roof) constitutes about 40 to 45 percent of the total thermal
load. About 25 percent of the thermal load is due to transmission through walls, The
problem is one of selecting thermally appropriate wall material.

Wall material is characterized by its thermal conductivity for heat transmission into and
out of the space. The ability of a wall to reduce the peak load and delay its effect on the
space depends on its mass concentration (e.g., kg/m?) and its specific heat. Therefore, the
major concern of this project was to compare four types of commonly used wall materials
from the point of view of thermal conductivity as well as energy consumption and cost
effectiveness.
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SUMMARY

This report describes the project Simulation of energy and cost effectiveness studies for
residential buildings built from clay bricks versus other masonry constructions carried out
by the Research Institute of King Fahd University of Petroleum and Minerals for the
Committee of Clay Brick Producers in Saudi Arabia. The work started on June 1, 1989
and ended on April 30, 1990.

A guarded hot plate was used to determine the thermal conductivity of clay bricks,
cement blocks, sandlime bricks and prefabricated concrete wall. The procedure used in
these tests conformed to ASTM Standard C-177. The results showed that the thermal
conductivity of clay bricks ranged between 0.440 W/m°K (0.254 Btu/hr ft°F) and 0.750
W/m°K (0.433 Btu/hr ft°F) while the thermal conductivity of the other three materials
ranged between 0.960 W/m°K (0.555 Btu/hr {t°F) and 1.389 W/m'K (0.803 Btu/hr {t."F).
The highest thermal conductivity of clay bricks is by 22 percent lower than the lowest
thermal conductivity of the other three materials. The most commonly used type of clay
brick has a thermal conductivity which is 57 percent less than the lowest of the other three
materials.

If the model house were built of clay bricks, it would 16 percent less electrical energy
than if built of concrete blocks, 23 percent less than if built of sandlime bricks, and 25
percent less than if built of prefabricated concrete wall. The addition of a clay brick Hordi
roof decreases electrical energy consumption of the model house by another 17 percent. If
the walls of the house were built of concrete blocks, than a clay Hordi will reduce electrical
consumption by 10 percent.

The initial investment equals the material cost and the cost of the air conditioning
machine. Based on this, the model house built of clay bricks will cost 13 percent less than
if built of concrete blocks, 34 percent less than if built of sandlime bricks, and 57 percent
less than prefabricated concrete wall. Although the use of concrete Hordi will add to the
material cost, it will reduce the electrical energy cost of the clay brick house by 17 percent
and of the concrete block wall house by 15 percent.

Correlation of the monthly energy consumption of the model house built with clay
bricks with the other three materials showed a minimum reduction of 9, percent in electric
energy consumption if the house was built in other regions of the Kingdom.

i
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