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Abstract
The study aimed to propose a model to evaluate the productive
performance in the Libyan Feed Factories, use a set of indicators to
measure the efficiency of the maintenance processes, in order to
inter enterpretate and analysis the real situation of the company'
productive processes.
To achieve this goal, the possible evaluation of some production
lines were studied of Zliten Feed Factory using Indicators of
maintenance processes, which depend on a set of indicators form a
structure of measurement.
The study concluded that the evaluation of the finance
performance for the industrial firms alone not enough, the
interference between the finance performance measures and the
productive performance measures will provide feedback
information and discovering, the problems. The maintenance
processes performance measures such as (MTBF), (MTTR), and
Availability are vital indicators for measuring the performance and
the availability of the machines. The used maintenance processes
performance measures by the Feed Company aren't suitable with
new industrial environment. The maintenance processes
performance measures assist in evaluating the industrial
companies' performance.
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Abstract
The main objective of this study is to ensure the continuity of
supplying electrical power to a load from two different sources
automatically. The main source of the circuit built is photo-voltaic
cells connected to the batteries, where the alternative source is a
source of direct Current as well; it only provides a continuous feed
as a conventional source.
The designed system relied mainly on the Arduino Uno controller
to shift between the two sources connected to the load; this process
requires specific codes for the controller to manage voltages
values, where the supply priority has been given to the
photovoltaic cell to feed the load. Protues software has been used
to Design the circuit, because it has a comprehensive library
containing the components required for the controlling process,
and management of supplying power from several sources.
Arduino Uno reads voltages by Circuit of voltage divider
connected to the batteries, which is analog conversion value
(ADC). When the controller reads the voltage value equal to or
greater than the value of the ADC, the Lamb connected as a load
will use the battery as the main source. In case of voltage value of
the battery drop down, the ADC value will also fall, which leads
give the command to stop the voltage coming from the battery, and
switching the power generated from the alternate source
automatically. The results of the circuit designed are positive,
where such a system can be applied in a practical manner.
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File Edit Sketch Tools Help

sketch_decl3a §

int solar=an; o
A4/The output of woltage divider to pin A0 (Analog 0]
intdeepcell=2:

FA/The ourput of Arduino when we need the deepcell battery.
intpowersupply=3;

##The output of Arduino when we need power supply.

int x = 974;

44w iz the ADC walue change the walue if wou get a different walue.
intvoltageRead=0;

FAAwariahle to read the walue from pin A0.

wolid setup() {

##Defining the tasks of the pin

pinfode (deepcell, OUTPIT) 2

pinfode (powersupbly, OUTTFUT) ¢

Serial.begin(9600])

i

wold loop () {

##The walues of the woltage diwider will be =saved in woltageRead.
woltageRead = analogRead(solar); —
Serial.printlni(woltageRead) ;

FAACondition if the walue is greater than ADC walue i.e. drycell = 12W.
if(woltageReads= x )

{

digitalllrite (powersupply,LOW) 7

FAsTurn off the power Supply.

digitaliWrice (deepcell ,HIGH)

FA/Turn on the supply from deep cell. -

S WSl all 1(3) o) IS

m
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Resolution of ADC ADC Reading
System Voltage =~ Analog Voltage Measured
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Part Referance: D3 Hidden: [] |
Part Value: LED-ELUE Hidden: [ |
Eement: MNew

Model Type: Analog ~|[Hde Al |
Forward Voltage: 22V
Full drive cument: 10mA
PCB Package: {Not Specified) -
Advanced Properties:

Breakdown Voltage v] 4v

@) sl ) o (8) &) <

Part Beference: D Hidden: [~
Part Value: LED-GREEN Hidden: [7]
Element: Mew

Model Type: | Analog -|[Hdem  +|
Forward Voktage: 2V
Full drive cument: 10mA
PCE Package: {Not Specified) -
Advanced Properties:

Breakdown Voltage v] 4

i) el U 2(9) Ay IS

S Aaim & ) V) gl ca\.l).u Bl cula e ?:\.A.AA:\M Jaa Adiay
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The output of voltage
divider to p(l)r)'n A0 (Analog

int solar=A0

The output of Arduino when
we need the deepcell
battery.

The output of Arduino when
we need power supply.

variable to read the value

intvoltageRead=0 from pin AO.

void setup()

pinMode(deepcell OUTPUT)

pinMode(powersupply, OUTPUT)

Serial.begin(2600)

The values of the voltage
divider will be saved in
voltageRead.

-

void loop()

a

voltageRead = analogRead(solar)

X is the ADC value change
the value if you get a
differentvalue.

Defining the tasks of the
pin

Serial.printin(voltageRead)

Condition if the value is
greater than ADC value i.e.
drycell = 12v.

digitalWrite(powersupply,LOW)

Lol 3l s Llada 1(10) o8, (K&

digitalWrite(powersupply,HIGH)
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Abstract:

In this study, activated carbon was prepared from the commercial
ideal charcoal found in the Libyan local market. By heating it at a
temperature of 650 °C for two hours after grinding, and wash it
with filtered water several times to get rid of impurities and dry it.
This work was divided into three parts: the first part did not afford
any treatment process and the second part was chemically treated
with orthophosphoric acid in different concentrations (30%, 40%,
60%, 80%) by volume and the third part was treated with
potassium hydroxide in different concentrations (1M ,M2, M3,
M4) used to remove theoria from its aqueous solutions at room
temperature. The obtained results showed that the process of
removing theoria from the aqueous solution is the adsorption
process and follows the friendliest equation where the correlation
coefficient value reached (R°= 0.9674) .The results also showed
that the highest adsorption amount of theoria when using activated
charcoal with a concentration (40%) of Phosphoric acid The
obtained results indicated that the best adsorption of theoria over
activated charcoal treated with potassium hydroxide was at 3M
concentration, which is the best result obtained from the study.

Key-words : Commercial Idylate Charcoal, Thiourea, Adsorption,
Orthophosphoric Acid, Potassium Hydroxide.

sdaniad). 1
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S RS L QU TR PRI I
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¢ %99 35l Ay ( Thiourea ) Lysyslll @ dexiivd) Jsdl aal o Liads
S5 m ¢« %85 S5 (Orthophosphoric Acid) el siu ¢ SN e
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s Laly JaSsy SO0MI dinns ks s ) sl 8 5 lual) clall (5o B
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Bacllly (meally LilbesS ellealls Tadiial) andll 4llal) dlal) Ao

Lsasll) il sl (1) Jgaad)

Volume of solution Thiourea mass Concentration
(ml) (9) (ppm)
500 1.5 3000
500 2 4000
500 2.5 5000
500 3 6000
500 3.5 7000
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500 4 8000
500 4.5 9000
500 5 10.000

s Aaldl) dyshagdgy Y Gaea Jallaa2.2
Gt ol il @iy o 85% ) meall o SIS Al o
(2) dsaalls mnge LS5 ((Cy X Vy = € X V7))

bl ) Gaan dllae Sl (2) dsaad

Standard solution Volume of
Concentration (%)
volume(ml) acid (ml)
50.0 17.65 30%
50.0 23.5 40%
50.0 35.3 60%
50.0 47.0 80%

( Preparation of Adsorbent ) : 3jlall 3alall juasi.3
salddl ) Ll = ilae Lidey Jaall Gaudl g0 Y1 Gl and e dp 2T 5
—20 mesh) aaa 3 Jalia DA ) ye 8 ¢ AleSl BRI cunda o skl
Oo paliall jhidl Ll e sae Cilud S cClyall aaa aagil @lldy (10
saad il Ll & S Gy aays ey Allle (&5 8 g AT cligle o 40
A€ a2 ¢160°C a0 die l) B s Lehiad aiy caady 5 dels 24
3ad 650°C  3)la Ay e cpdall p B Cudag aadll 1 0w
ially dalle ol adde gyad o IV e3al) alidl A 1) 2l Crend g ydic Lus
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Abstract

The metal systems enter into the intrusions of the intruder, as they
interfere in the early stages of pregnancy, and stop the cells
through thyroid hormone. Some vitamins, enzymes, and proteins
are deficient. These elements must be taken with the required
ratios and quantities. Soil, its absence in the body does not lead to
any health damage, but can accumulate in the bodies of organisms
and humans and transmitted through the food chain and up to the
extent of toxicity.

Today's owners Bioavailability is a priority in scientific research in
the world. This study aimed to estimate the concentrations of
cadmium of the polluted water in the city of five and took 60
samples at different depths of the soil surface. The concentrations
of cadmium in the samples were within the permissible limits and
reached a concentration of 600 ppm.

Keywords: Chromium, Cadmium, Soil, Contamination
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Abstract:

Higher education, whether it’s a technical diploma or a university
degree, is known to be the starting point towards professional
careers. Its primary goal is to qualify graduates to occupy;
efficiently, the high-demand jobs available in the labor market, for
which it works as a hub for advancing developing economies.
Many higher-education institutions, however, do not offer graduate
programs that represent the requirements of the real labor market.
This can lead to create a negative impact by means of
inconsistency between the outputs of the higher-education
institutions and the needs of the labor market.

Addressing the above mentioned negative impact is an essential
factor to close the gap between the higher educational programs
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provided by institutions, and the requirements of the labor market.
This can only be done by conducting a thorough research to study
the shortcoming and deficiencies in our higher-education system,
which is the focus of this research paper.

To begin with, a questionnaire was prepared and conducted among
individuals who graduated from higher-education institutions, it
was decided that the questionnaire to be answered by this category
of people (higher-education graduates) because of which they are
the ones experiencing the situation the most. The main goal of the
questionnaire is to determine the reasons behind which the gap
between the outputs of programs offered by the higher-education
institutions and the real requirements of labor market. The
questionnaire is divided into two main parts:

The first part aims to collect general information regarding the
academic background and the program of study of each graduate,
while the second part was designed to collect detailed information
regarding research fields, course-materials, trainers and academic
staff members, techniques and equipment, field training and post-
graduation services utilized by the higher-education institutions.
Analyzing the results from the questionnaire reveals that the
educational plans at the related higher-education institutions
ranges between high and medium; according to graduates. It turns
out that, however, the response of these institutions to the needs of
the labor market ranges between medium and low.

According to the conclusion drawn above, some solutions were
proposed to improve the educational programs at the higher-
education institutions and to achieve better integration between the
outputs of these institutions and the labor market varying-needs.
This can finally reduce unemployment and lead to create
generations of capable individuals who can keep pace with
development and face future challenges.
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Abstract

Educational buildings are an important element in the education
and educational process. They represent the environment in which
the human forces interact with the physical elements to achieve the
purpose of education. Despite the efforts that are being performed
to develop education in Libya, through the educational programme
and teacher preparation and qualification. On the other hand, we
did not see the development of school buildings, but it was
observed to continue to take repeated models without taking into
account current and future developments. Hence, the importance of
this paper is to evaluate the performance of these buildings and to
acknowledge the extent of their ability to keep pace with
developments in education today. Also as a consequence to
contribute to the detection of strengths and weaknesses in the
design of school buildings and raise their level of performance.
This paper examines the assessment and study of the space needs
of school buildings from the viewpoint of their users. The research
mainly relied on measuring the efficiency of the performance of
school buildings for the basic educational needs in the city of Al-
Khums and its surroundings. By collecting information from
building users through a questionnaire designed and distributed to
teachers who are distinguished by the long years of their
occupation in the building to measure their levels of satisfaction.
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The data were analysed using the SPSS program. Statistical
averages and standard deviations were statistically calculated.
One-Sample T-Test was tested. The results of the analysis was also
supported by personal interviews with school administrators,
observations of user behaviour and the elements and contents of
schools. In conclusion, the results of the research showed the
teachers' dissatisfaction with their school's buildings. They were
dissatisfied with their inability to meet educational needs due to
the severe shortages of complementary educational spaces, school
activity spaces, and services. Therefore, the design of these schools
is incomplete, inflexible and does not meet the requirements for
the success of the educational process. This negatively affects the
quality of educational environments and does not follow up with
scientific and technical developments.
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USING CONCENTRATED SOLAR POWER TO
DESALINATE SEAWATER IN MENA
COUNTRIES

Farhat Omar Masaoud Driza
Higher Institute of Science and Technology/ Kikla

Drizafarhat@gmail.com

Abstract:

Human being’s continuation depends mainly on water which
covers three-fourths of the earth’s surface. However, seawater, salt
water, represents about 97% of the earth’s water and the rest is
fresh water. The deficiency of potable water resources in most of
MENA countries threatens their stability as a result of population
growth, and their dependency on little amount of groundwater and
rain water in different aspects of life.

Using solar power, especially concentrating solar power, in
seawater desalination will participate in solving water-shortage
problems, and it will play significant role in keeping the
environment safe and clean as a fact of using renewable clean
energy instead of fossil fuel which can cause harm for the
environment.

This paper illustrates how the water desalination, based on solar
power, is sustainable and show the real potentials of MENA region
in order to limit its water deficits in a long-term perspective, and
represents the adequate combinations of technologies for
concentrating solar power (CSP) and seawater desalination in
order to help providing the demand of fresh water to the North
Africa and Middle East by exploiting the potential of inexhaustible
renewable water resources and the existing of solar power which
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can be used for seawater desalination. Environmental issues
related to the process of seawater desalination have been taken in
consideration as an important part of the paper.

Keywords: Renewable Energy, Concentrating Solar Power,
Seawater desalination, Environment, MENA Countries.
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l. INTRODUCTION

The big challenge for MENA countries in this century is the over-
use of fresh water resources. The main reason for that is due to the
growth of population, industrial activities, and the lack of water
distribution efficiency.

The increasing of fossil fuel prices since the year 2000 and the
world concerns of global warming caused by gas emission are
strong reasons for MENA countries to start looking for
unconventional sources of water. Those countries are suffering
from water-shortage crisis, as the availability of fresh water does
not balance against the potable water exploitation, this deficit
cannot be covered by using the existing water resources. [1]

There are always solutions for these kinds of crisis and problems
for example, enhanced water management and seawater
desalination both can play the main role in avoiding groundwater
sources depletion. However these solutions need huge amounts of
energy which has to be sustainable, renewable, and compatible
with the environment.

It cannot be denied that there are serious conflicts about energy
sources around the world. Moreover, fossil energy system has
become no more ideal for sustainable and secure requirements of
water supply, so for all those reason, seawater desalination using
solar power is considered to be the perfect strategy for the region
to avoid global water crisis.

Renewable energy sources, especially solar power, are globally
accepted as sustainable energy which can provide 25% per year as
an annual growth rate to the energy sector. MENA countries have
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realised that dependency on solar energy, as a high reliable energy,
to desalinate seawater is the best way to reduce severe water
scarcity. [2]

I1. CONCENTRATING SOLAR POWER TECHNOLOGIES
These kinds of technologies are based on the radiation of
concentrating solar power in order to offer high temperature heat
to generate electricity by using steam turbine. However using
(CSP) for electricity generation has to be under condition of
reaching medium (500 °C)or high temperature (1000 °C) in order
to operate in proper way.

Reflecting mirrors with different shapes can reflect solar power
radiation on smaller surface to make such high temperature easily
reached. Moreover special design receivers collect focused
sunlight to reduce any losses of heat. The heat is taken away
towards power cycle to drive turbine by the flow of fluid through
the receiver. [3]

WATER HEATING
ABSORBER
TUBING o

Reflecting Mirror

TROUGH SOLAR COLLECTOR

Figure 1. Trough solar collector.
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There are some characteristics of (CSP) systems as shown in

figurel:

e Using thermodynamic cycle gives (CSP) systems
opportunity to reach high efficiency.

e They use only solar radiation as a direct component.

e Direct normal irradiation is required in high levels with
such technology.

Concentrated solar radiation can be captured by different types

of receivers:

1.

2.
3.
4

Parabolic dish systems.

Parabolic trough collectors.

Linear Fresnel reflectors.

Tower system as shown in figure 2.

Figure 2. Four mainstream CSP-technologies.

It is obvious that, there are several kinds of mirror shapes and
methods of sun-tracking to generate energy, but they all have the
same concept and principle of work. It is possible to integrate CSP
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systems with storage systems in order to use solar energy at any
time even after sunset. [5]

1- Parabolic dish systems: satellite with mirror dishes used in these
systems to reflect the sunlight onto a receiver mounted at the focal
point. They have high efficiency of heat electricity which up to
30% and that makes them the best among whole of CSP designs.
The engine can determine the size of concentrator which has the
ability to follow the sun by using tracking systems. Parabolic dish
system which has a diameter of 10 meters can have a capacity of
25 KW, and 1000 W/m2 as a normal solar insolation. The system
has no storage device, so the electricity could be transmitted to the
grid to be used straight away. [6]

2- Parabolic trough collectors: it is the most proven technology
with low cost comparing with different types of CSP technologies.
The solar field is the main part or the heart of solar-thermal power
plant as well as collecting the radiation of solar, and converting
that radiation into heat to feed it to the power cycle. [3]

HIF teecwater
pump purp

Figure 3. concentrated solar thermal though power plant.

After collecting the radiation of sun, the heat would be transferred
to the fluid flowing which could be water or synthetic thermal oil.
When the fluid flowing is water, steam turbines are used to
generate power through a generator. [7]
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3- Linear Fresnel reflectors: this technology is one of solar thermal
systems which use Fresnel lens with flat and slightly curved
mirrors that move on a single axis to reflect solar power in
collectors.

4- Tower systems: Sun-tracking mirrors play an important role in
concentrating the sunlight onto a receiver located at the top of
tower. Steam generated by hot fluid in the collector is used in
steam turbine to produce electricity as shown in figure 4.

Water can be used in power tower to transfer heat, and molten
nitrate salt which has the capability of high heat-transfer can do the
same job. [8]

; Steam condenser
Electricity &
. &~ Recelver
\ -
720
Feedwater "/
Reheater
!"“ {rl;;“' 2t
Y TAR
, . I 1
< e ,/" / )
) NI 4
Turbine ‘ ?\..15";"( (¢ /
Y \/J A
Steam drum ~#l 4
 BTA d
FA:L o 7 A1
rl | T Heliostats

Figure 4. power Tower System.

I11. CONCENTRATING SOLAR POWER POTENTIAL IN
MENA REGION

MENA region has abundant potentials of both water and energy,
and they are available forever and in renewable form. However,
nowadays deficits are taken in consideration as a result of water
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scarcity which cannot be covered neither by depletion of ground
water nor by using fossil fuel in seawater desalination.

X | oo sty P, 2
Figure 5. Annual direct normal irradiance in MENA region in
KWh/m2ly.

A solution could be found by utilizing solar thermal power plants
to cover those deficits as it has large supply of renewable energy
potential in those countries.

The amount of solar energy received every year by one square
kilometre in MENA is equivalent to 1.5 million barrels of crude
oil, that shows how this region is blessed with a large amount of
annual sunlight which has been considered as a liability rather than
an asset because of huge dry land in the region which makes it not
possible for agriculture.

However, everything has changed now as a fact of solar power
radiation exceeding 6 KWh/m2 per day in most of MENA region.
If these countries exploit the decrease of solar technologies’ price
coupled with the increasing demand of electricity, and future
strategy plans that will lead to the possibility for the region to
become a hub of solar expansion. [9]

The capacity of CSP in MENA region until 2050 - if installed
exclusively for seawater desalination — woul reach to total of 65
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GW. CSP production of 115 TWh/y in 2025 and 550 TWh/y in
2050 can be used for desalination purposes.

The CSP desalination capacities will be large enough to cope with
the freshwater demand and the solar desalination market will grow
much slower. [17]

IV. POPULATION PROSPECTS IN MENA REGION

One of the main driving forces for potable water demand is the rate
of population growth. According to the United Nations, the
scenario of population growth in the region will grow rapidly from
300 million at the time being to more than 600 million in 2050. In
North Africa, the population will greatly increase from 140 million
today to 245 million in 2050, as Egypt becoming the highest
percentage of population by 50% of the total population in North
Africa.

Population Growth in the MENA Regions: 1950, 2007, and 2050

692 million

Arabian Peninsula
Morth Africa 18%
W Western Asia

432 million 349
14%

36%

104 million

%

1950 2007 2050
Projected

MENA: Middle East and Morth Africa

Source: UN Population Division, World Population Prospects: The 2006 Rewision (2007,
http:ffesa.un.arg, accessed April 7, 2007).

Figure 6. Population growth in MENA regions.
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Growing in Arabian Peninsula population, from 50 million to 130
million, will be shown in a large scale by year 2050; moreover
Saudi Arabia dominates all the countries in that region in terms of
population. It cannot be denied that the rural population share of
the total region is almost 40%. However that percentage will be
stagnating and reduced over next decades, the distribution of urban
and rural population is very important in terms of markets analysis
for centralised and decentralized systems of seawater desalination.
[2].

It comes after population as a vital factor for water demand.
Growth of economy can be represented by the gross domestic
product (GDP) changes over long period of time. On the one hand
the real GDP in MENA regions has expanded by 4.8% in 2012
affected by enormous growth in most of rich countries which
export oil. But on the other hand, for those countries importing oil,
the GDP expanded by 1.9% in year 2012 with increasing of fuel
prices, very low growth of tourism, and uncertain policy for the
future. All MENA countries are trying to cover from the global
financial crisis, and that recovery depends on the situation of each
country individually, off course taking in consideration some
important factors like oil prices, the financial sector, and the
balance of payments. It was expected that inflation, in those
countries which import oil in the region, is projected to increase to
9% by year 2012, as governments do not subsidize energy.[11]
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Chart 1

Mind the gap
Wide variations in GDP per capita exist across the MENA region

{2001).
Mauritania
Sudan
Yaman
%bﬂuﬁ
Arab Republic
n
Iram, L A of
Al
Aisia
‘dman
Sawpdi Arsbia
Bzhrasn
M Uit
United Arab Emirates
Qaztar
o 5.000 10,000 15,000 20,000 25,000 30,000
{dollars)

Soaurge: IMF, Waorld Econamic Dutiook database and s1afl calculalions.

Figure 7. GDP per capita in MENA region.

V. NATURAL WATER RESOURCES IN THE REGION

The freshwater natural resources can be divided into lakes, rainfall,
groundwater, and rivers. There are just four countries in the region
have renewable resources of potable water above 1000
m3/cap/year, the other countries are considered under water
poverty and that because of the growth of population which
expected to be doubled by 2050. A serious water crisis is what
MENA countries are facing if they keep depending on the existing
natural water resources.

As it is known that endogenous precipitation plays a vital role in
generating the internal renewable water resources which can feed
rivers flows and groundwater. The Nile River in Egypt is a good
example of external source that can be shared by several countries.
However, political conflict between these countries sharing water
resources could lead to water limited as the situation between
Egypt and Ethiopia which is the most difficult problem could
Egypt face. Other freshwater resources are the fossil groundwater
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under the Sahara desert that can be used in large scale as well as
other sources.

In order to avoid collapse of water supply in MENA countries,
some measures have to be taken in consideration such as,
advanced irrigation, reusing waste water, and very improved
distribution systems. [12]

VI. WATER DEMAND, AND CONSUMPTION IN MENA
REGION

The majority of MENA countries are suffering from water
scarcity, so the solution for such a critical problem was seawater
desalination which has been practiced in Gulf countries and North
Africa. The rates of population growth are exceeding the
worldwide average, and the best example for that is Saudi Arabia
which is growing sharply and expected to increase from 26 million
to 32 million between the period of time 2010 and 2025 and that

affected negatively the water demand for those countries.
Water Withdrawal, by Sector
100

80

60

percent
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Figure 8. Annual Water Demand by Sector in 1998-2002.
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In year 2000, agriculture use dominates the water withdrawal in
all MENA regions by 88 percent of the freshwater total use, and
municipal use comes second by 8 percent while industrial use
comes at the end as just 4 percent. It is expected that Gulf
countries will decrease or at least to stagnate the water demand for
agriculture sector and that will be the same situation for some
North Africa countries like Algeria and Morocco, while a country
like Egypt will increase the water demand of agriculture, and it
will have enormous growth of freshwater demand in the region for
about 30% in year 2050. [2]

VII. AN OVERVIEW OF DESALINATION PROCESSES &
TECHNOLOGIES. [13]

Desalination technologies can be chosen according to some
criteria:

1- The kind of material should be extracted from seawater.

2- what kind of separation process used.

3- The type of energy used.

There are some different ways to produce freshwater from salt
water, and all those ways based on the same principle that water
and salt cannot be separated spontaneously, but they are required
type of energy source for the separation process to be powered.
Solar thermal energy has been used for desalination purpose to
produce freshwater from seawater, all CSP technologies are
suitable for producing heat and generating electricity so they can
be combined with thermal desalination systems and reverse
osmosis as well. Choosing parabolic trough technology will be
ideal for seawater desalination, as the power plants using this
technology represent 85% of the global installed CSP capacity.
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Figure 9. Solar Power Desallnatlon.

Regarding desalination, Polymer materials, which have been
developed recently, have opened the doors widely for the
production of membranes that allow the selective passage of water.
Seawater consists of 4% salt, and that makes it technically easier to
remove salt from seawater rather than extracting freshwater. The
common processes are known as thermal or evaporative which can
be divided into two types: (I) Multiple Effect Distillation (MED)
and (I1) Multi Stage Flash (MSF) desalination. The mechanism of
(MSF) is that the pressure, in the flashing champers where
seawater evaporates, is kept below the pressure of feed vapour
which leads to flashing stages of seawater with decreasing pressure
and that produce huge amount of vapour re-condensed on a tube
bundle’s surface, and after long stages seawater will be heated by
means of low pressure steam to the top brine temperature. And the
other technology MED relies on some stages as shown in figure
10.
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Figure 10. MED Technology with Solar Desalination.

The difference between MED and MSF is the demand of
electricity, as MSF needs more electricity than MED by almost 3

times, in that case and for financial reason MED is the best
economic technology for seawater desalination. Transportation of
thermal power used in MED cannot be easy, so CSP plant should
be located where the desalination plant is.

VIIl. ENVIRONMENTAL IMPACT OF SEAWATER
DESALINATION

Seawater desalination can have some direct and indirect negative
impact on the environment. The increase of electricity produced
for desalination plants has indirect environmental impact as a
result of using external supply of electricity which produced by
thermal plants and that lead to burning more fuel to the
environment causing global warming and pollution by gas
emissions, unless solar power used as a clean energy to produce
electricity and that is the case for this paper.
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Moreover, during the desalination processes, concentrated brine
would be returned back to the sea which has impact on the marine
environment. The flow rate of brine is 30-70% of the feed water
flow and that makes seawater more concentrated by almost 1.7
times. Such an impact can be avoided by selecting appropriate
technology which will be discussed in next paper hopefully after
deep study by the writer.

In addition to that, the discharge of brine consists of several types
of chemicals used in seawater pre-treatment such as: Sodium
hypochlorite (NaOCI), ferric chloride (FeCl3), sulphuric acid, and
sodium bisulphite (NaHSO3), all these chemicals used for water
cleaning can affect the seawater in negative way, so they have to
be neutralized before discharging them to the sea. Seawater plants
installation require large piece of land which should be located
next to the sea, in some plants the area required could be more than
10,000 m2 for average 7,000 m3/day of water, the environment is
affected directly by using huge lands for this purpose.

It is known that pumps with high pressure and systems of energy
recovery are used in desalination plants where impact of noise can
be occurred which can affect people who live near the location of
plants. In order to reduce that level of noise, desalination plants
must be located outside of populated areas.[16]

IX. CONCLUSION

The most difficult problem facing MENA region is the scarcity of
freshwater, and the main reason for that problem is the growth of
both population and economy. However, seawater desalination
will be the perfect solution in order to reduce the growth of water
deficits in the region.

Solar energy in general and concentrating solar power in particular
can play a significant role in making large scale seawater
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desalination environmentally sustainable as well as some measures

taken into account to limit the negative environmental impact of
brine discharge.
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Abstract

The recognition of the online Arabic handwriting is a complex
problem. Arabic is cursive and unconstrained language, in
addition, the language uses diacritics with distinct shapes places
above or underneath the characters. Several of these diacritics has
an irregular geometric shapes such as hamza (). The online
recognition typically traces the pen tip positions and its vertical
movements pen-down or pen-up. This paper presents a new
method of measuring the pen up and down direction to detect the
diacritic and which character belongs to. We applied this method
to identify the Arabic online handwriting. The results of the
extensive experiments achieved a high accuracy rate for writer-
dependent and writer-independent in detection the position and
segmentation of the diacritics.

Keywords: Online handwriting recognition; Decision tree;
Direction detection; Baseline detection; Stroke segmentation.
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1. Introduction

In the last few years, a number of pen-based computers and
personal digital assistant (PDA) have been released. Most of the
PDAs have a difficulty in recognizing Arabic handwritten text.
Since handwriting is one of the most familiar communication
media, pen-based interfaces combined with automatic handwriting
recognition offer a very easy and natural input method [1].
Automatic character or handwriting recognition is classified as; 1)
The offline recognition, the word (or letter) written is expressed in
terms of pixels, in other words it is treated as an image of the word
after it has been acquired. 2) The online recognition, uses the trace
of a pen for the classification and recognition of the input
information. The difference between the two modes is that the
online mode provides us with temporal features that are used to
infer the dynamics of the writing [2] [3]. In the case of the Arabic
language, there are few publications dealing with on-line
recognition. Besides, the availability of online Arabic handwriting
publically is limited, which reduces the comparison performance
of the available publications [4]. Arabic character is written by
more than 300 million people, in 22 Arabic countries and other
countries such as Urdu in Pakistan and Afghanistan, Persian Iran,
Pashto in Afghanistan, Pakistan, Iran and India, Hausa in Africa,
Uygur. The Arabic language has 28 letters, the words are written
from right to left. Each letter has either two or four different
shapes, with shape being dependant of the position of the letter
within a word. The different positions are defined as: isolated,
beginning, middle and end form. Letters without initial or medial
shapes cannot be connected to the subsequent letter and hence

150 Copyright © ISTJ 4% ghae aaal) (368a
;\mb ?3""“ @3.\1\ M



International iyl 5 i
Science and Technology Journal Volume 21 ) tsans eenr o Teekasng Joursl

R S /&

constitute a sub word. The Arabic characters contains a main form
of letter and diacritics belongs to it, this diacritics may zigzag
shape called Hamza ( « ) it above, below or middle of the letter (¢!

& ), vertical line as in (&, L& ) or dots some characters has
different number of dots (one, two, or three). Thirteen of the 28
letters do not have dots, ten have one dot, three have two dots, and
two have three dots. Dots can be above of the character (<, ),
below of the character ( <, ¢ ), or in the middle of the character
(z ,L). One of the challenges in Arabic recognition is a baseline,
the baseline is the imaginary line on which leans the writing of a
word or character, very important step is baseline detection to
recognize the dots position belong the character. Various methods
have been proposed and high recognition rates are reported for the
online recognition of English and Chinese handwriting [6] [7]. In
our research we implement a new method to segment input strokes
and detect the diacritic position by calculate the pen up and down
movement direction to add a diacritic which it will solve a baseline
detection problem, we test our method to recognize online Arabic
handwriting.. Section 2 related work. Section 3 method
description. Section 4 data collection and feature extraction.
Section 5 experiments and results. Section 6 conclusion.

2. Related Work

In recent years, several researchers addressed the recognition of
the online Arabic character. Some of these researches presented a
baseline detection to recognize online handwriting, whereas others
achieved the recognition in isolated Arabic characters or in limited
words depending on the database. The horizontal projection
method is commonly used to detect Arabic baseline.

Muhammad et al. [5] proposed presented a novel method of
baseline detection for cursive handwritten Urdu script. The
proposed algorithm is divided into three steps: diacritical marks
segmentation, primary baseline estimation and local baseline
estimation. In first step they separate the diacritic, the second step
as primary baseline estimation they used projection based method.
The primary baseline estimation is only to find a rough baseline
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for locally baseline estimation. The horizontal projection based
method counts the number of elements on horizontal line. The
maximum number of elements on horizontal line is the baseline, in
the third step several features are extracted that helps in baseline
detection. These features are used to estimate the baseline locally
with the help of primary baseline. Kherallah et al. [1] they detect
and extract different zones, median zone, basic line and secondary
zones of handwriting by the horizontal projection histogram, basic
line represent the baseline. Houcine et al. [14] they approach
propose two types of features to detect baseline, first Geometric
features, alignment of point neighborhoods concord between
interpolation directions and trajectory tangents directions, it is a
basic stage permitting the detection of the points regroupings of
aligned neighborhood. Second Topologic features, rules and
logical conditions associate to the arrangement of the characters on
the baseline, measures by qualitative parameters, the verification
level of some topologic conditions by the most numerous points
regroupings found in the first stage. Marcus et al. [8] a dynamic
programming procedure is applied to detect the text lines. It
searches an optimal path guided by a cost function that consists of
a combination of several auxiliary functions. if the pen movement
to the left and to the bottom exceeds a certain threshold it is
assumed that a new text line starts. However, these simple methods
fail if the user writes sequentially on different lines. This happens
when a missing letter has been inserted later or when notes have
been taken during a meeting. Therefore a superior method that can
handle those cases has to be applied. Randa et al. [15] used
direction penalty to emphasize the effect of merging direction of
text line pairs. It should be minimum in case of horizontal merging
from right to left, it increases a bit in case of diagonal merging
from right to left (allowing text line skews) and obviously
increases in other directions. Furthermore, the penalty of not
merging a unit should be large to avoid excessive stand alone units
but less than merging penalties in right-diagonal and up-down
directions.
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3. Method Description

One of the most important steps in Arabic recognition is a dot
position or baseline detection, as we know the dot in Arabic
characters in above, below or in middle the character, so we have
to detect a correct dot position to get correct recognition. The
method detects the dot position by calculating 6 as shown in Fig.
1, where 6 is a direction of the pen up to reattach the diacritics. In
the normal way the writer start to write the main form first then
reattach the diacritic belong to that main form to complete the
shape of the character. When the writer reattaches the diacritic the
pen is up then goes to the position of that diacritic, the position is
up, down or middle of the main form, here we need to calculate a
pen up direction. We will explain two examples, first one for dot
up and second example for dot down, when the writer write Taa
character (=) as shown in Fig. 2. first the pen start from start point
to end point to write a main form shape, in the end point the pen
goes up in coordinates (x,,y,) and reattach the surface to add dot
in (x;,y;), from that points the algorithm calculate 8 as 6 =
tan~1(Y/X), where Y = y; — y, and X = x; — x,. And the same
way in Baa (=) as shown in Fig. 3.

g, =95° &, = 80"
&, =180° & =0
- LY. V] L
&, = 285°
&, = 265° v
Fig. 1. 6 for pen up direction.
153 Copyright © ISTJ 4% ghae aaal) (368a

W\JNMMJ.\SIM



International

Science and Technology Journal Volume 21 sl

{0y p B Ty

| vt nal Sy il Torlisiagy Jusrael

Pen add dots

N\

i

4
’ \ Pen up direction

.6

(x[] Ed yl] }
End point of pen

Start point

/

Fig. 2. Pen direction is up

(.\‘[, > Yo

Pen add dot
en up direction

End point of pen /

Start point

Fig. 3. Pen direction is down

between 6, and 6, dot position is up

0=
between 360 and 65 dot position is down
154 Copyright © ISTJ 4% ghae aaal) (368a

W\JNMMJMIM



International gt A
Science and Technology Journal Volume 21 3l A —

A8y potell g2 ALl Aol 20054 1 QT /&

4

B23322665566698229E33660822983445560 |

Fig. 4. Pen-up, down to add a diacritic and new letter in word _»5.

In case of a word writing, as in Fig. 4 the word _:s means news,
segment to 5 strokes, three strokes represent main forms of letters
(U ¢« = « ) and two strokes represent diacritics, from this example
we can see the length of diacritic is less than character main form
length. The proposed system calculates 8 and pen up movement
length to know which the strokes combine to one character or new
character in the word. The pseudo code of the algorithm that is
used in our results to calculate the 6 of the pen direction of the
next stroke is shown in Fig. 5. The red dash line represent the pen
up movement to add a next stroke, each pen up movement the
algorithm calculate 6 for pen direction, from a direction and stroke
length the algorithm knows the next step in writing is add a
diacritic or new letter in a word. Fig. 4. shown the word list, 8
represent pen down, 9 represent pen up and other numbers number
represent a pen trace direction depending on freeman chain code.
First step the algorithm segment input stroke to sub-strokes, from
the length of the sub-stroke the algorithm can decide it’s a main
form of character or diacritic.
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i=0
Forj=0 & j<m to segmeni S to n sub-strokes and m is S-length
While S[j1#9 then s,[j1=S[j] {where 9 mean pen-up in whole input stroke S}
if S[j]1=9 theni=+2
end for
k=0
while i<=k do
ifAs,, <As, &As,,, <e & 60,2020, then {where e is proposed dot length}
S,y is diacritic of §; and position is up

if As,., <As, &As,, <e & 3602020, then

k+1 =
8,1 is diacritic of S; and position is down
if As,,, >e& 6, =020, then
8., is new character stroke in word

k+=1
End while

Where:
S: is whole input strok, §; = i=0,..k
k: is sub-stroke is S.

As : length of sub-stroke.
e proposed length of dot stroke.

Fig. 5. Algorithm to calculate the 6 of the pen direction

4. Data Collection and Feature Extraction

4.1 Data Collection

We use handwriting tablet to collect online learning samples,
motion direction (as stroke list). The information of on-line Arabic
handwriting letter consists of number of strokes, order of strokes,
and direction of writing for each stroke. A series of strokes
following the trajectory of the pen-tip's position is presumed to
produce a complete letter, Freeman code shown in Fig. 6 used to
create first list of a direction stroke for each character. In [9] the
single stroke was defined as the sequence of horizontal and vertical
coordinates occurring between the consecutive pen down and pen
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up movement. The strokes represented in one dimension list for
main form of letter.

6

N

3

A

Lol s[ 3] 2] 2] o] s] 4] 2] 1]

Fig. 6. Freeman code.

Some Arabic letter had same main form but different in dot
numbers, position of those dot, hamza, and the vertical line.
(&, &,,0) here four letter, had same main form different dots
number and dot position, (z,z,z) three letter same main form
different dot position, so for those letter we collect one shape for
all. We also store the coordinate (x,y) in second list when the pen
movement to write the form of the character and when the pen up
to reattach the second stroke or diacritic to calculate 6.

4.2 Feature Extraction

In the process of handwriting recognition, it is important to
identify correct features [10]. Feature extraction is essential for
efficient data representation and for further processing [11]. Also,
high recognition performance could be achieved by selecting
suitable feature extraction method. Computational complexity of a
classification problem can also be reduced if suitable features are
selected. In our proposed system we extract next stroke detection,
dot count, dot position and cross point.

In next stroke detection, the algorithm need to detect the next
stroke is new character or diacritic belong to the previous stroke
(where the previous stroke is the main form of the character)
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where the length of diacritic stroke is less than a character stroke.
First we have to calculate 8 (pen up direction) when the writer
reattaches the next stroke. Second calculate the stroke length.
From the pen movement and new stroke length the system can
decide the next stroke is belong or not to the main form. As in Fig.
7, shown the stroke list of Thaa (<), 8 represent pen down to start
writing, 9 represent pen up and between 8 and 9 represent the sub-
stroke. The algorithm segment the input stroke S into sub-stroke
S,, from input stroke list the length of first sub-stroke is always
greater than length of second sub-stroke which is in turn greater
than third sub-stroke and so on.

"N

-

le[3]ofsfofofolslalofs]2][ofs]o]o]

Fig. 7. Thaa (&) character and stroke list.

Dot count, it is very important to know dots number in every
character for a correct recognition. And any mistake in the dot
number in the character it will be change the character and
meaning of the word. So that why we need this feature to account
the dot number. From the example in Fig. 7, the algorithm count
the sub-stroke after first sub-stroke which is the length is equal or
less than e, where e is proposed a dot length. Suppose As, is the
length of the first sub-stroke which represent the main form, that
mean Asy, ... As, is the length of a diacritic belong to the
character, where As, ... As, < e and 6 between 6; and 65 that
mean the dot position is up.

Cross point, when the pen draws the main form of character, the
pen trajectory appears crossing path that cross called cross point.
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There is 8 letters contains cross point (daae@eicacpac ¢2) as
shown in Fig 8. We extract this feature to get more accuracy in
character decision.

Cross

/ point
3 S

Fig. 8. Cross point in some Arabic letter.

5. Experiments and Results
We test the method in isolated character and word and we get a

good result for dot position by calculating the direction 6 for pen
up and pen down to add dots. We test many times to get the best
value of 6,,6,,0s,....0, finally we decide 6, =80°, 6, =0 ,
0; = 285", 6, = 265", 6 = 180" , 6, = 95",

pen down penup

@gﬁgmms 59)(176,08)(176,B7)(178,86)(176,85)(177,84)(177,83)(177,82)(177,81)(177,60)
(177,79)(177,76)(176, 76)( 176, 77)(176, 783175, 76)( 174, 75)(1 73, 75)(1 72, 75)(1 71, 75)(170, 74168, 74)
(167,74)(166,73)(164,73)(162,73)( 161,73} 160,73)(159, 73)(158,73)(157, 73)(156, 73)(154,73)(152,73)

| ! )
(151,73)(150,73)(149, 73)( 148, 73)(147 73)(146 73145, 73)(144,73)(143,75)(143,74)(142,74)(141,75)
(140,76)(139,76)(139,77)( B, 2495, B0)(136,81)(136,82)(139,83)(139,84)(140,84)(140,85)
| | J

(141, 86) 142,869(141, 573 142,575, 9% 144,88)(144,89)(145,89)(145,90)(146,90)(147 2
48,91)(149,9L)(150,92)(151,93)(152, 357 .94)(15355)(154.95)(15456)(155.96)(15@96)
(8, 5)(156,97)(157,97)(157,96){ 157, 5764, 90( 157, 97)(156,97)(L55, 97)(154, 97)(153,97)(152,97 .
T51,96)(150,35)(149, 34)( 148, 54)( 148, 93)( 145,32)( 144, 91)( 142, 90)(139, 881 37, 86)(133,85)( 1 3053) ¢
(127,82)(124,81)(121,800(117, 79)¢{12,77){ 108, 76)(L03, 74396, 72)(85, 70(81,68)(73, 661(61,63)
(50,60)(39,573(27,54)(15,51)(5,46)

030 )
Fig. 9. Calculating pen up direction.
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pen down penup

3,8)(193,75)(194, 75)( 194, 74){195, 735195, 72)(195, 71)(196, 71)(196, 70)(1 96, d9(196 68)( 197, 63)
197,67)(197,66)(196,565)(195, 65)(195, 643(194,64)(193,63)(192,63)(191,63)(191,62)(190,62)(189,62)
188,62)(186,61)(167,61)(186,6 1)(185,61)(184,61)(183,61)(182,61){181,61)(160,61)(179,61)(178,61)
177,61)(176,61)(175,61)(174,61)(173,60)(1 72,60 (171 SO0 170, 60)( 162,603 168,60} 167,60 166,60)
185,60)(164,60)(16:3,60)(162,61)(161,61)( 160, 158,61)(157,61)(156,61)(155,61){155,62)
154,62)(153,62)(152,62)(152,63)(151,63)(150,63 45,65)(14

| (

b 4

l 4

s
150,73)(151,72)(152,72)(153, 71)(153,70)(154, 70 0155, 60)(156,68)(T57, 6715, 67)(150,67)
160,67)(160,66)(161,66)(162,65)(163,65)( 163,64
j 4
| 1
i 1
i 4
) 4
) 1

{

(

( i

{ )

E )
(147,67)(146,67)(146,68)(146,69)(146, 70N 146, 71)(14 1147, 72)(147,73 ;@
{ )

{ i
(165,82)(170,1){170,60)(1£5, 60){ 169,53)( 166,58 16
(
{
{
{
(
(
{
¢

2
i
&
S
2z
=
=2
=z
2
i
=
3
in
pe
5
20
n
2

@‘, 172,48)(172 47171, 46)(172,46)
1,47)(170,47)(169,47)168,47)(167,47)

171,53)(172,52)(172,51){172,500(171,50%(171,49
171,46)172,46)(171,46)(172, 46)(9,93(172,46}(172, 457
166,473 165,46 )164,46)( 163, 46)(163,45)(163,46)( {53, 45)( 162, 45)(161,44)( 160, 443159, 43)¢ 156,43
157,43)(156,43)(155,43)(154,43)(152,43)(151,43)150,43)( 149,43)(148,43)( 147,48 146, 43)( 145,43)
143,43)(142,43)(141,44)(140,44)(139,44)(138, 440137, 44)( 134, 49132, 44)(130,43% 127 43)(124,43)

121,42)(117,42)(114,42)(109,41)(107 40)( 104, 39)(102,37)(99, 35)(98, 34)(96, 32){52, DL)(88,30)
53, 28)(79, 26)(74,24)(70, 23)(65, 22)(61, 20)(E7, 18)(52, 17)(48, 14)(45,13)(42, 12)(39, 11){36,10)(33,9)

2,8)(26,72(23,6)(19,5)(14,3)(5,2)(3,0)

=@

(.2) Ganst)

Fig. 10. Calculating pen down direction.

Fig. 9 shown an example to write Noon ¢ character has one dot up
of the main form, the left part is the coordinates list when the pen
trace to write a character, the pen is up at x, = 142, y, = 87 and
pen is down at x; = 157,y; =96 we have to find X and Y to
find6, X =x; —xo =157 —-142 =15 andY =y; — y, = 96 —
87 =9.60 =tan"1(Y/X), 6 = 30.96". So here 8 between 6, and
0, from decided values of 8's the dot position is up. Fig. 10 shown
second example Baa < has one dot in down of the main form, pen
up at x, = 147,y, = 73 and pen down at x; = 171, y; = 48 in the
same procedure we have to find X and Y to calculate 6, X = 24
and Y = —25,0 =tan"'(—25/24) = —46.17, because the Y is
negative that mean a direction is in fourth quarter in Fig. 1 so
6 =360 —46.17 = 313.83 so 6 = 313.83" from the result 8
between 360 and 65 that mean the dot is in down position.
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5,8)(185,81)(186,51)(187, 61)(156,81)(159, B0)( 190,80)(191, 60 1592, 80)(193, 80X 194, 79)(195,7%) A
108, 76197, 78)(198, 76)( 199, 78)(200, 78)(201, 77)(202, 77)(203, 77)(204,76)( 205, 76)(206, 76)(206,75)
207, 75)(208, 75)(200, 740210, 74)(2L1, P4)(212, 74)(212, 730213, 73)(214, T2 15, 7)(214,73)(213,73)
212, 73)(211,73)(210,73)(209, 73)(208, 73)(207, 73)(206, 73)(205, 72)(204, 72)(203, 72)(202, 72)(202,71)
201, 713200, 71)(200, 700199, 70 198, 65 197, 69)( 196, 69)( 195, 60)( 195, 6E)( 194, E6)( 195, 68)(192, 68)
101,68)(190,68)(169,65) 188, 68)( 167, 68)( 1 86, 65)( 185, 66)( 184, 66)(153,68)( 183, 67)(182,67)(181,67)
i ) [ [ ( [ ( Lt ( )
i ]
i i
i )

180,67(179,67)(1 78,673 177, 67)(177,68)(1 76, 68)( 175, 65)(174,68)(173,68)(1 72, 68){ 171, £8)(170, 56
171,68)(170,60)(9,9)(170,60)(172,65)(172, 70} 172,71)(173,71)( 173, 72)(174, 72)( 174, 73)(175,74)
176,76)(176,77)(1 78, 78)(179, 79)( 180,800 181, 81)( 182, 52)( 182, 53)( 153, 84)( 184, B5{ 185, B6)(186,67)

{

(

{

{

{

(

(

(

( ( ( ( ( ( ( :
(167,55)(168,88)(169,39)(190,50)(191,51){192,92)(191,92)(192, 92)( 192, 93)(192, 94)(192,93)(191,93)
(8,)(192,93)(9,9)(192,93)(192,54)(192,93)( 191, 93)(190,93)( 189, 52)( 185, 90186, 89)(184,7) )_l}
{ .

(

(

(

(

(

(

(

163,85 162,55 181,53} 180, 82)(180,8L){ 79, LY 179,80} 178, 78), 177, 7E0{177, 63176, TS 175, 74)
175,72)(174,72)(174, 713174, F0)(174, 600174, 68 173, 67)(173, 86 )(1 73, 65173, 6401 72,64)(172,63)
[ [ [ ( [ ( [

171,643 170,65)( 170, 66X 170, 67)(1 70,6171, 68)(174,65)(171, 700171, 710171, 7231 70, 72)(170,73)

i
)
169,72)(8,6)( 169, 73168, 73 168, 74)(167, 74 167, 75168, T5) 166, 76)( 166, 77X 167, 76)( 167, 75)
168,75)
i
i
)

[
[
E
(168, 74)(169, 74169, 73)(169,72)( 169, 71){ 169, 70)( 168, 69)( 167,68)( 166, 58)(165,68)(164,68)
164,67)(163,67)(162,67)( 161, 67)(160,67)159,67)(156,67)(157,67)(156,67)(155, 67)(154,67)(153,67)
152,67)(151,67)(150,67)(149, 67)( 148, 67)(147,67)(146,67)(145, 67)(146,67)(146, 689, 9)(145,68)

I150,68)( I151,67)(151,66)(151,65)(152,65)(152,64)(151,62)(152,62)(

149,68)(150,68)( 150,673 151, 67)(151,66)( 151, 65)( 152, 65)(152,64)(151 63152, 62)( 153,61 )(154,60)
g

B Untitled - Notepad
File Edit Format View Help

(8,83(185,810(186,81) (187,810 (188,815 (189,802 (190,801 (191,803¢1972 ,802(193,800(194,79)(195,79) (196,782 (197,78)

{182,673 (181,673 (1206 673 C178, 6730177, 673 €177,68) (176,689 (175,683 (174,683 (171,683 (172,683 (171, 683(170, 683
(171,68)(170,69)(9,9) ' (172,693 ¢172, 703 172,713 173, 71)(173 7230174, 723 174,733 (175, 743 (176, 763 (176, 77)
(178,78 (179,793 (180,80 ,B81) 182 82)(182 83)(183 84) ] )(185 86)(186 87)(187 8830188 88)(189 89)(190 90)

{191,915¢192,925¢191, 92)(192 92)(192 932(192, 94)(192 93) (8 8)(192 933¢9,95 ¢ (192 845¢142,835¢141,59y
(190,93)(189,923(188,90) (186,89) (184,875 (183,852 (182,85) (IF 1807823 180,813 (179, 8 80y (178, 783 (177, 78)
(177,76)C176,753(175,74)(175,72)(174,723 (174, 71)(174 702 (174 69)(174 6EIC173,679C173, 66) (173 6520173, 64 )(
(172,632(171,643(170,65) (170,66)(170,673(170,68)(171,68) (171,69)(171,700(171,713(171,72)(170,72)(170,733

8,83¢169, 733 C168, 733 C168, 743 (167, 7430167, 753 c1be, 759 (lbe, 769 (166, 773 (167, 763 (167, 753 (168, 753 (168, 74)(169

(169,733 169,723 (169,71) (169 70)(168 69)(167 683 (166,68) (165,68 (1647683 (164,670 (163767) (162,672 (161; 67)(160 67)
(159,67)(158,673(157,67) (156, 673(15%4, 67)(153 67)61%2)6(7)(151 673(150,673(149,67) (148,67)(147, 67)(146)67)

s )(151 66)(151 65)(152 65)(152 64)(1

(152,629¢153,613¢154,609 (155,60 )EéSg

{159,573 (158,583 €157, 583 (155,583 (154, Eliz
7

5
50, 59)(150 6031497603 148,610 (147,625 (147,630 (145, 64)
45,71)(145,723(145,732(144,73) (143,741 (142, 74)(142 73)
,71)(143 70 C144, 704 ciad e0d (iad 689145, 673 (145 663

1457581457570 ¢1447 560 ¢144, 55 (143,542 0143, 533 ¢143,52)
139, 47)(138 473(138, 46)(137 45)(136 45)(136 443(135, 44)

(146,652(146,663(146,67) (146,68) (146, 69)
(143,785 ¢8, 83147, 753 (123, 753 (147, 749 0147

(94, 433¢91,4%7¢80.433 (87, 435784, 445 (BY 443 ¢81 7450807450 ¢7o, 465 cRD, 46RO, 475 CBD, 48D CET, 500 (BT, 523 0BT, 540 (BT 5F)
(24,593 (87,625(R0,653C90, 603 91,729 (92,763 €03, 785 (33,833 15,523 813,569 (12,613 €11, 673 (8, 72375, 770 (1,813

Fig. 11. Pen up and down coordinates for word .

In case of word, the Arabic word written from right to left
character by character until complete the whole word. Most people
write the main form of character first then go back to reattach the
diacritic belong to that character (diacritic as dots, hamza, or sub-
stroke belong to the main form as vertical line). We have an
example to test & it mean news in English, the writer start with
character Khaa # but the shape of this character it will be change
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because it is in the beginning of the word so the shape it will be
written like this = first the writer write a main form of Khaa then
back up to reattach the dot to the main form then goes to the left to
add main form of Baa character - then pen up to go back down to
add dot, and finally pen up and goes left to add the last character
Raa _-. From this example the word contains three characters: + =
> + = As shown Fig. 11 calculate the pen movements and
direction to write the word from coordinates list, for the first
direction after writing a first main form character the pen up at
xo =170,y, =69 and pen down at x; =191,y; =93 we
calculate the direction of pen up here 6 = 48.81° that mean the
direction between 8, and 6, the algorithm decide direction is up on
the main form to add dot of character =. In the second direction
pen up at x, =192,y, =93 and down at x; = 169,y; = 72
6 =42.39 buthere X = —23 and Y = —21 that mean the 6 in
third quarter where 8 = 42.39 + 180 = 222.39° between 6, and
0, it means the pen up and the direction goes left to add a next
stroke as a new character in the word. The third direction pen up at
xo = 146,y, = 68 and down at x; = 161,y; = 56 6 = —38.66
here X = 15 and Y = —12 where X is positive and Y is negative
that mean the direction in fourth quarter and 8 = 360 — 38.66 =
321.34" and 6 between 360 and 65 in back down of the main form
to add dot down of character —. The last pen up to add a last stroke
in word x, = 162,y, = 55 and x; = 143,y; = 75 0 = —46.47"
where X = —19 and Y = 20 that mean the direction in the second
quarter and 8 = 180 — 46.47 = 133.53" it is in the left side to add
a last stroke in this word as new character.

In our experiment we use matching algorithm to recognize the
main form of a character. Matching algorithms are the core process
of any recognition system. The classification of the recognition
algorithms rely on matching techniques to determine the similarity
between two point sequences [12]. After segmentation and feature
extraction process the algorithm knows a number of the main form
letter in the input word, every letter had own diacritic, the
recognition system recognize the input word letter by letter, then
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combine these letters based on their positions. The main form list
of an unknown stroke is compared with a reference database. The
reference database includes main form strokes of Arabic
handwriting. A single stroke may have multiple variations, all the
variations of a single stroke are given a common identity. The
stroke identification consists of unknown main form string. After
extract the feature the system ready to classify the main form we
use stroke matching algorithm as in [13]. M is the total number of
strokes in database for one main form, S; is the current stroke
selected from the database and S;, where k represent the length of
stroke S;. T; is the input of the handwriting stroke we want to
recognize, i is the length of handwritten input stroke T. Where
Sjk = [SjOJSjll ...,Sjk] and TL' = [tO'tll ""ti]' Also d is the
distance from s, to t; and D is the distance of stroke S;, from
strokeT;. The minimum value of D gives the desired stroke S;, Fig.
4 shown how the algorithm is connected with database and input
handwriting.

ki
do= ) o=t @
a—0,b=0
i ki
=[] > Ise-n ©@
0 a=0b=0
Where
s —t _{ 0 a€b
a " 7 lotherwise a&b

The equations (1) and (2) are used to match the online input
characters with the learning characters which are stored in
database. If t; equal r; that mean the stroke learning and testing
character are matching. The system design and written in C-sharp,
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digital tablet with surface 6%5 inch used to input the training data
information and testing. Experiments with the on-line Arabic script
recognition system described in this paper have been recognized
on both single character and cursive word. Exactly the same
database was used for both experiments; our database contains the
characters main form properties without word database or
dictionary. A data set consisting of 10 persons entering main form
of the isolated letters and the four distinct shapes of these letters
are depending on their positions, thus the single character and
word recognition experiments are writer independent and
dependent we invited 20 persons to test our system, we ask them to
test isolated characters and word.

5.1 Single Character Recognition

Single character recognition experiments using the same
recognition engine. All testing writers are a writer independent,
testing set of 20 writers writing more than 560 characters, the
recognition rate depends on the writer's clarity and accuracy, the
average accuracy for isolated character is reaches 99%.

5.2 Word Recognition

Word recognition testing was done in both dependent and
independent writers, there is some misrecognition in independent
writers, and the reason is the writers write same character in
different shape. In the first experiment we ask 13 independent
writers to test word which contains two letters, then word with
three letters, and so on. When the numbers of characters increase
in the word the misrecognition appeared in some of letters. The
segmentation accuracy is 93%, cross point accuracy is 100% and
dots account and position accuracy is 100%. The system
recognition accuracy displays good promising and competitive
results when we compared the results with other proposed system
depending on the word training database and dictionary. Table 1
showing the results for independent writer and Table 2 showing
the results for dependent writer.
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Table 1. Recognition Word For Independent Writer.

Test word Recognized Rgcogmzed segmentation
word time(ms)
< < 91.87 2
¢ & 49.30 2
2a 25.18 3
B B 63.73 3
A 47.88 3
dis dis 35.76 3
el 62.65 4
daeal
daal 37.89 4
. O 92.09 4
O
R 82.29 4
O s 257.36 5
O Ol sk 105.73 5
Ol s 153.53 5
Table 2. Recognition word for dependent writer.
Test word Recognized Rgcogmzed N-segmentation
word time(ms)
& & 26.37 2
B 43.11 3
R 2 69.43 3
BTN 49.23 3
BEEN BN 18.38 3
e 87.37 4
Qe
sl 53.63 4
. O 30.91 4
O
O 33.57 4
O se 123.71 5
Ols Ol 127.38 5
s 349.17 5
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6. Conclusion

Since the script of the Arabic language is cursive and
unconstrained and uses diacritics to distinguish its characters, the
handwriting analysis of its script turned out to be a difficult
problem. In this paper we tackled this issue by presenting a new
analysis method by calculating the pen up movement to segment
the input stroke, and to find the direction (8) from the coordinates
list to check if the sub-stroke is a new character or a diacritic,
additionally, if it is a diacritic detect its correct position. The
presented method can recognize the online Arabic handwriting by
extracting more features using a matching algorithm and a decision
tree. The results from a large number of experiments showed the
method achieved a high accuracy rate in the word segmentations
and the detection of dot position. All the test words segmented to
the correct segmentation characters and all the dot positions were
detected to its correct positions.
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Abstract:
The Finite Element Method is well known as the most powerful
and practical method in the field of structural analysis. Finite
Elements are formulated almost for all types of structures; one,
two and three-dimensional. The method gives great feasibility in
handling various boundaries and edge conditions. The recently
developed Finite Strip Method as a combination of Finite Element
and Raleigh-Ritz method; is proven in this study and others, to be
an efficient method in the analysis of folded plates and shells of
revolution. This study is concerned with numerical analysis of
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folded plates, and cylindrical shell roof structures. Problems are
handled using both Finite Element Method ( FEM ) and Finite
Strip Method ( FSM ). Convergence and comparative studies
carried out for the handled problems.

Introduction:

The equations of plate theory can be obtained from those of three-
dimensional elasticity by introducing certain assumption. These
assumptions simplify the problem but at the same time introduce
approximations, and indeed contradiction, so that the plate theory
is not exact in the sense that elasticity theory is. However, there is
of course a wide range of problems for which plate theory provides
solution of high accuracy. The development of those portions of
classical plate theory that are relevant to this study will now be
briefly described and in doing so it will be further assumed that the
plate material is linear, homogeneous and isotropic. The
development of those portions of classical plate theory that are
relevant to this study will now be briefly described and in doing so
it will be further assumed that the plate material is linear,
homogeneous and isotropic. Assuming that w(x,y)is the

deflection of the middle surface at co-ordinate position x,y. The

governing differential equation of the classical thin plate under
lateral load q(x, y) is given as.

ﬁ“wlz 2w o*'w_q(x,y)

oxt ox’oy: oyt D
where D is the flexural rigidity of the plate.
It should be noted that this equation is a fourth-order partial
differential equation. The derivation of this equation is described
in detail in many references [ 1, 2, 3 & 4].

(1)
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Finite Element Method Versus Finite Strip Method:

In Finite Strip Method the solution is approximated as discrete
simple shape (polynomial) functions, the choice of which is
independent of the boundary condition of the problem in hand;
hence, comes the major strength of FEM that it can be applied to
various types of structures, boundary condition and material
variation. This advantage made FEM the most commonly used
numerical method in structural analysis [5&6]. When plate or
shell structures are analyzed by Finite Element Method, the
structure is idealized as small rectangular or triangular elements
interconnected at nodal points; Fig.l.a shows a flat plate
represented by rectangular elements. Consider a rectangular
element with the stiffness approach as an example; the primary
variables would be the displacements and their derivatives, i.e. the
rotations. These variables are expressed in terms of their values at
the nodal points. Thus, the nodal parameters (values) necessary to
approximate the deflection pattern within the element are u, v, w,

0., 6, and 6,; in other words there are six degrees of freedom
(DOF) per node.

7]

\T“ I‘__—_'—ﬂ__ Egii.a:s

typical

&l

=4

Fig. 1.a Flat Plate Idealization. Top view of a structure divided into
finite element
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Fig. 1.b illustrates the nodal displacements and their derivatives
(rotations) of a typical rectangular element. Therefore, if a total
number of n nodes were used in idealizing the structures; then an
overall stiffness matrix of order 6n x 6n would result, i.e., there are
6n equations to be solved simultaneously.

1 2

Fig. 1.b.Flat Plate Idealization Four-node rectangular finite element

Clearly, the number of elements and consequently the number of
nodes and the number of simultaneous equations would be reduced
if, the structure was divided into strips, as in Figs.(2a&2b). The
strip method had been first introduced and named Finite Strip
Method FSM, by Cheung. In another paper he combined bending
and plate elasticity strip [7-8]. Here, it should be noted that not
only the number of elements is reduced but also the nodal degrees
of freedom. For example in the case of a flat strip the nodal
parameters are given as u, v, w, and @, in other words there are

four DOF per nodal line in FSM while FEM requires six DOF per
nodal point.
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Fig.2-a Flat Plate Idealization .Top view of a structure divided into finite
strips

Fig. 2-b Flat Plate Idealization Two-node Strip element

Two - Node Flat Stiffness Strip Element ( S2 Element):

The behavior of such strip element is divided into two actions, e.
g., in -plane action and out-of-plane action. The in-plane behavior
reduces the problem to the original plane stress one in two-
dimensional elasticity. On other hand, the out-of-plane behavior is
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based on the classical plate theory assumption, in which certain
approximations have been introduced so that a two-dimensional
treatment becomes possible [4,5,7-8]. The finite strip approach has
considerable advantage over the conventional finite element for the
type of problems considered here, in which the geometry is fairly
simple and does not change in one direction. Such structures are so
frequently used in practice that a special and more economical
treatment is warranted. The minimum number of DOF along a
nodal line in this method is equal to twice ( one deflection and one
rotation ) the number of terms used in the series. This is usually
considerably less than that for the finite element method, which
requires a minimum of three times ( one deflection and two
rotations ) the number of nodes along the same line. The size as
well as bandwidth of the matrix is greatly reduced, and
consequently it can be handled by small computers or solved in a
much shorter time. Fig. 3 illustrates the strip element under
consideration. This element has two nodal lines and eight degrees
of freedom, four on each nodal line. The nodal parameters are
displacements in x, y, and z direction, e.g. , u, v, and w as well as
rotation € about y-axis. The stiffness matrix is obtained through
the minimization of total potential energy [8].

Case Study : 1- Cylindrical Shell Roof Structure:

In this case a cylindrical shell shown in Fig. 4 had been analyzed
by several authors [9&10] using variety of finite elements.
Analytical solution had been worked out using shallow shell
theory.
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node 2

Fig.3 Two- Node Flat Strip - S2

Fig. 4 Cylindrical Shell Roof Structure Case Study -I

Two stiff diaphragms support the shell at its end; with load being
vertical and uniform. Because of symmetry, Finite Element
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analysis carried out to only one-quarter of the structure; triangular
plate elements are used, Fig. 5

SKELL WE.GAT = 20 L8/50. FT

Fig. 5 FEM Idealization One-quarter of the structure is idealized

Finite Strip analysis carried out to only half the structure. Finite
meshes of flat strips are required to represent the curved geometry
of the given shell. Fig. 6 shows half the shell roof structure being
idealized into three strips as an illustration [4,5&8].

Fig. 6 FSM ldealization Half the structure is idealized.
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Tables (1a, 1b & 2a, 2b)) represents and compare FEM & FSM
results for deflection w and moment M, at point C. Note that the

analytical solutions given in the tables are based on a shallow shell
theory and should not be taken as exact solution. Convergence
studies are carried out and represented as graphs in Figs.(7a&7b)
and Figs.(8a&8b). As stated in some references [9] an important
point regarding comparison between finite strip and standard finite
element methods is that even the strips crudely approximate the
geometry of the structure in hand, results of comparisom are in
favour of finite strip method. It is evident which strip elements
matches the geometry of structure and more reasonably represent
its structural behavior than other finite elements

TABLE 1a. Convergence Study of Deflection W at Point C

Finite Element Solution (Triangular Element) Only one-quarter of the

structure
Mesh NELEM DOF Values %Error
3x3 18 63 0.528 0.57
4x4 32 108 0.523 -0.38
5x5 50 165 0528 0.57

Analytical solution (shallow shell theory) = 0.525 in
Note that only the first mesh in the two cases is shown in figures

TABLE 1b. Convergence Study of Deflection W at Point C

Finite Strip Solution (S2 Element) One half of the structure

Mesh NELEM DOF Values %Error
3x1 3 14 0.553 5.33
4x1 4 18 0.543 3.43
5x1 5 22 0.536 2.10

Analytical solution (shallow shell theory) = 0.525 in
Note that only the first mesh in the two cases is shown in figures
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TABLE 2a. Convergence Study of Moment M at Point C

Finite Element Solution (Triangular Element) Only one-quarter of the

structure
Mesh NELEM DOF Values %Error
3x3 18 63 -1.822 -11.38
4x4 32 108 -1.788 -13.03
5x5 50 165 -1.744 -1516

Analytical solution (shallow shell theory) = -2.056 Kip-in/in
Note that only the first mesh in the two cases is shown in figures

TABLE 2b. Convergence Study of Moment M at Point C

Finite Strip Solution (S2 Element) One half of the structure

Mesh NELEM DOF Values %Error
3x1 3 14 -2.132 3.7
4x1 4 18 -2.075 0.92
5x1 5 22 -2.049 -0.34

Analytical solution (shallow shell theory) = -2.056 Kkip-in/in
Note that only the first mesh in the two cases is shown in figures

% error

0.2

04

-0.6

0.8

0.6 1

04 1

0.2 1

150

DOF

Fig .7a- FEM Solution One-quarter of the structure is idealized
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Fig.7b- FSM Solution Half the structure is idealized

Figs.(7a&7b) Convergence Study of Deflection W at Point C

-10 T T T

DOF

% error

16
Fig.8a -FEM Solution One-quarter of the structure is idealized
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% error

DOF

Fig.8b- FSM Solution Half the structure is idealized

Figs.(8a&8b) Convergence Study of Moment M at Point C

Case Study: 2-Folded Plate With Variable Thickness

In this case we are dealing with a folded plate structure consists of
two inclined plates with thickness varying linearly in the
transverse direction; the structure is subjected to vertical uniform
load, as shown in Figs. (9.a.,9.b&9.c) Pulmano, Bosler and Hall
[11] had worked out this case using 40 DOF finite elements of
variable thickness. Taking advantage of structural symmetry about
two lines one quarter of the structure was analyzed. Results were
found to converge at DOF = 250. In absence of analytical solution,
FEM results will be taken as reference in computing error
produced by Finite Strip. In the present study FSM analysis was
applied to one half of the structure. Since the strips of this study
are of constant thickness, the structure was approximated with
strips of different individual thickness. The thickness of each strip
was taken as the mean thickness of the portion of the plate it
represented.
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Fig. 9.c
Figs.(9.a,9.b&9.c) Folded Plate with Variable thickness (Case Study II)

Tables (3&4) summarize convergence study carried out for
deflection w and moment M_ at middle of centerline.

Convergence studies are carried out and represented as graphs in
Fig. 10 and Fig. 11.

TABLE3. Convergence Study of Deflection W at Middle of
Centerline

Mesh NELEM DOF Values %Error
2x1 2 12 0.427 -5.58
3x1 3 16 0.442 -2.19
4x1 4 20 0.449 -0.73

FEM Solution = 0.452 mm

TABLE4. Convergence Study of M at Middle of centerline

Mesh NELEM DOF Values %Error
2x1 2 12 -20075 -12.41
3x1 3 16 -22642 -1.21
4x1 4 20 -23721 3.49

FEM Solution = -22920 N-mm/mm
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Fig 11 Convergence study of deflection M, at middle of centerline
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Conclusion:

The Finite Element Method FEM is the most powerful and
versatile tool of solution in structural analysis. However, for many
structures having regular geometric plans and simple boundary
conditions, a full finite element analysis is very often both
extravagant and unnecessary. The Finite Strip Method FSM is an
alternative method, which can reduce computational effort and
core requirement. It is an extension of the standard FEM and can
be considered as a special form of the finite element procedure.
Usually much smaller number of equations, amount of input data,
and core are needed. FSM s easier to program and gives more
accurate results for those structures that have constant geometry in
some in some direction; e.g., plates, folded plates, and cylindrical
roof shells.
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Abstract:

This paper discusses the enzymatic and immobilized enzymatic-
transesterification for biodiesel production, describing some
investigations that have been published in the literature on this
theme. Part of this paper is dedicated to briefly consider other
available  transesterification  catalysts, homogenous and
heterogeneous. Though efficient in one way or another, according
to the studies cited below, each catalyst category considered
exhibited a certain impracticality which, in turn, negatively affects
biodiesel production and/or its cost. Difficulty of isolating the
product, biodiesel, from the reaction as well as lack of reusability
of the homogenous catalyst were always there. To be effective,
heterogeneous catalysts require employing some sort of high
reaction conditions. They also suffer from catalyst deterioration
due to poisoning, sintering, coking and leaching. Although
enzymatic catalysts may be affirmed to present a great potential
catalyst for biodiesel production; however, they are costly and
require long reaction times and thorough control. Catalyst
deterioration is also observed while using enzymatic catalysts for
transesterification.
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1. Introduction:

Energy crisis, due to a growing energy consumption rate
accompanied with a declination in non-renewable fossil fuels
reserves (oil in particular) as well as increased prices of such fuels,
is evident. Prices of such fuels have reached unprecedented levels
of $150 per barrel in the 2008 spike [1-3]. Also, in order to exploit
such fossil fuels, oil and gas in particular complicated, costly and
time-consuming drilling and processing are inevitable.
Furthermore, in countries where such fossil fuels are imported, the
crisis can even be worse where political tension can also be
involved. Further to this tedious crisis, such fuels are great
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environment pollutants through increased concentrations of
greenhouse gas, i.e. CO, they send during combustion promoting
global warming. 98% of carbon emissions in the atmosphere are
due to the combustion of these fossil fuels for different
applications [4-5]. Alternative fuel(s); therefore, are an insistent
necessity. Prioritizing alternative fuels(s) has been extensively a
topic of comprehensive research. Among these alternatives is
biodiesel, obviously as a fuel (diesel), replacing ordinary
petroleum diesel. In the first instance, biodiesel is a practical
alternative to fossil fuels since its production is chemically-
oriented requiring no drilling activities as the case with fossil fuels.
Also, such a diesel for being made of renewable resources, offers
improved environmental emissions that some of which are
cancerous compounds, i.e., a retard in the evolution of global
warming phenomenon and a step ahead towards energy
sustainability application [6-7]. Also, it has been reported that use
of biodiesel in comparison to petroleum diesel introduces a
reduction of emissions of particulate matter into the environment
to nearly 77% [8]. Promising results have also been reported
elsewhere [9-10]. It seems that production and ; thus, use of
biodiesel are increasing. Worldwide, an estimate of biodiesel use is
1 billion tons per annum. In the US alone, 188 million tons are
used annually. In the EU, it is 1.9 million tons, etc. Furthermore,
its use capacity is rapidly expanding [11]. In brief, high/fluctuated
prices of fossil fuels, generation of greenhouse gases while using
fossil fuels and federal/governmental subsidies of biodiesel
production and use may be the motivation(s) of such a trend [12].

Biodiesel, a short form of biologoical oil, along with bio-alcohol
(ethanol) belong to a larger family called biofuels, although
techniques of synthesis for each are substantially different.
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Furthermore, biodiesel compared to bioethanol has a greater
energy currency [13] and is more suitable to use in current
petroleum diesel engines [14]. They both represent the most
common biofuels. Biodiesel is a clear amber-yellow liquid [15].
Production of biodiesel mainly depends on the use of cheap
available vegetable oils and animal fats where as to produce a
bioalcohol plants such as sugar beet, sugar cane, wheat and maize
are usually used. Main and the most popular production processes
of biodiesel are either esterification or transesterification of non-
petroleun based oils, depending on the quality of the feedstock
used, although other processes are also available, e.g., pyrolysis
(cracking) and microemulsification. However, in these two latter
processes, the objective is to reduce the viscosity and density of
the oil/fat and converting the triglycerides that are self-contained
in that oil/fat into a biofuel (biodiesel) that can be directly
combusted [16]. It is beyond the scope of this paper to further
consider these processes.

Biodiesel can substitute petroleum ordinary known diesel where as
bio-ethanol is a replacement of gasoline fueling future vehicles,
although with some modifications in the engine might be required.
In addition to this, biodiesel can be distributed via the currently
existing distribution system(s). Hence, biodiesel is considered a
first-option-fuel that can be readily used until other options that are
currently not implementable, e.g. hydrogen, become available [17].
Biodiesel is defined as a fuel, comprised of a mixture of monoalkyl
esters of long chain fatty acids (fatty acid methyl esters) derived
from either vegetable oils or animal fats, that conforms to the
requirements set by ASTM D6751 [18-19]. To this end, it is
apparent that hydrocarbons, aromatics and/or sulphur compounds,
main contributor(s) to carbon and sulphur greenhouse gases into
the atmosphere, are not among the contents of biodiesel as the case
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with petroleum diesel, although it has properties that are
comparable to those of petroleum diesel. Accordingly, upon
combustion, the environmental impact of biodiesel can be
"smoother" than that of petroleum diesel [20]. Biodiesel is a
renewable, non-toxic, highly biodegradable fuel characterized with
a unique features. The biodegradability and nontoxicity of a fuel
can be reflective characteristics provided that the fuel is pure,
B100, pure diesel, as the case in Austria and Germany. In other
cases; however, where biodiesel is mostly used as blends with
petrodiesel, such characteristics might not be truly valid for
biodiesel anymore. In the United States, B20 or lower blends are
commonly used as a fuel for which the biodegradability and
nontoxicity is determined by the diesel portion in the fuel. Due to
the biodegradability of biodiesel, its accidental spills as well as
leakage(s) via a storage tank are of much less concern than those
of petro-diesel or crude oil [7]. Its biodegradability can be
attributed to its agricultural origin [21-22].

Thus, biodiesel can be considered as a clean energy source for
protecting the environment via reduced emissions of carbon
monoxide/dioxide, hydrocarbons, sulfur compounds and
particulate matter, to an extent [23-24]. Reduction of emissions of
carbon monoxide, which can be produced due to inefficient or
incomplete combustion of a fuel, and hydrocarbons is due to clean
burning due to the presence of oxygen in ester compounds which
biodiesel has [25]. Reduction of carbon dioxide is due to the
dynamic cycle of carbon of biodiesel via photosynthesis process in
which plants take in more carbon dioxide than that produced upon
combusting biodiesel for its use [26]. Where as reduction of sulfur
compounds is rather a spontaneous process since sulfur is
contained in biodiesel in a lower amount, anyway [27]. Having
reduced the emissions of carbon dioxide, natural environment as
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well as ecological balance can be protected and maintained,
respectively [26]. Reduction of sulfur compounds can help reduce
damages mainly caused by acid rain to the environment as well as
humans [25]. However, although in general air pollution can be
reduced based on use of biodiesel through great reductions in the
aforementioned emissions, emissions of nitrogen oxides, which
can be produced if the fuel is combusting at high temperatures, are
vise versa [28]. Despite the renewability, biodegradability and
non-toxicity of biodiesel, its sustainability as a fuel; however, is an
issue. Biodiesel has not been available in the sustainable sense due
to the fact that it has not been able to entirely replace petroleum
fuel. One reason for such a trend is that available supplies of
vegetable oils and animal fats can only cover 15% of the present
demand for diesel as a fuel for vehicles on highways [29].

The production of biodiesel can be divided into two broad
categories; non-catalytic via supercritical alcohol and catalytic
(transesterification) which can be further divided into two broad
sub-groups; homogenous and heterogeneous; both of which can be
acidic and basic with the latter one can also be enzymatic. A
schematic representation of the transesterification reaction is
illustrated in Fig.(1). In this paper among the sections to follow,
the main aim was to discuss the enzymatic and immobilized
enzymatic- transesterification for biodiesel production. Prior to
this, a briefing of the issues that may arise while using a
homogenous or heterogeneous catalyst to catalyze a
transesterification reaction is included. Some optimization
investigations of enzymatically-catalyzed transesterification are
also referred to.
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Fig.(1): A schematic representation of the transesterification reaction.

2. Homogenous/Heterogeneous Catalysts for
Transesterification

Both homogenous and heterogeneous catalysts have been
employed in catalyzing transesterification reactions for biodiesel
production. Despite the effectiveness of homogeneous-acid/base
catalysts in biodiesel production relatively at mild conditions of
temperature, etc., they; however, result in severe contamination
issues by which biodiesel separation and purification/neutralization
may become a complicated costly process for being performed in
multiple stages. In fact, such catalysts are ought to be soluble in
the alcohol employed for the transesterification reaction. The
separation process is slow, tedious and environmentally unfriendly
due to generation of waste water resulted from washing and
removal of the catalyst. Moreover, it is observed that
homogeneous catalysts whether acidic or base are non-reusable.
Also, homogenous acidic catalysts are corrosive while use of
homogenous basic catalysts may give rise to saponification, an
undesirable reaction, especially with a high content of free acids
and/or water as the case with some feedstocks. Furthermore, with
homogeneous-acid catalysts, the operation is usually batch and
involves multiple reaction steps. Accordingly, from the
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operability; hence, economical standpoint of view, homogeneous-
acid/base catalysts might not be a viable means in biodiesel
production.

Heterogeneous catalysts can also be problematic in biodiesel
production Use of heterogeneous (solid)-acid/base catalysts in the
transesterification of triglycerides of an oil or a fat is initially
associated with the formation of three phases, oil, solid catalyst
and alcohol, due to mutual immiscibility by which a good contact
between these reacting materials can be hindered; thus, lowering
the rate of transesterification reaction [30-31]. Thus, reaction
conditions, in comparison to homogenous catalysts, are usually
intensified; reaction temperature is elevated between 100 °C and
250 °C, catalyst amount is increased between 3 and 10 wt.% as
well as a higher alcohol to oil molar ratios between 10:1 and 25:1
are used. This, unfortunately, renders use of heterogeneous
catalysts an energy intensive costly process [32]. With the use of
heterogeneous catalysts, low mass transfer is also observed due to
their small surface area with which a low contact between such
catalysts and the reactants is caused. Hence, reaction duration is
prolonged while the yield of biodiesel is reduced [33]. To avoid
this and to enhance mass transfer among reactants, a compromise
between the rate of diffusion by the formation of two phases of
fluid and shifting the reaction towards biodiesel production should
be made. To do so, the initial concentration of the used alcohol
should be well-determined [34]. Equally useful is to use some co-
solvents that could improve the miscibility of oil to be
transesterified, and the used alcohol so as to the rate of
transesterification reaction could be improved. Such co-solvents
include ethanol and n-hexane, tetrahydrofuran (THF) or di-methyl
sulfoxide (DMSO) [35]. However, in case a co-solvent is used,
bigger and particular while leak proof-reacting vessels are
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required. A facility to completely remove the used co-solvent from
the produced biodiesel is also required [36]. Deterioration of
catalytic reactivity of heterogeneous catalysts with time via
catalyst poisoning, sintering, coking and leaching is another hurdle
that may limit their application in the transesterification reactions
[37] of used oils, in particular [38]. Also, use of heterogeneous
(solid)-acid/base catalysts in transesterification reactions for the
purpose of production of biodiesel suffers from the high cost of the
catalyst and from a difficulty in the separation of small catalyst
particles via filtration [39]. Moreover, use of such catalysts with a
narrow pore size distribution for biodiesel production may suffer
from lower penetration of large particles of free fatty acids of the
oil [33]. Such catalysts also suffer from matrix-bound acidic sites
and high molecular weight/active-site ratios [40].

3. Enzymatic-Catalyzed Transesterification

Problems reported on the use of either homogenous or
heterogeneous chemical catalysts in catalyzing a transesterification
reaction, in previous sections, can be overcome employing an
enzymatic catalyst-in-solution instead [41]. An enzyme as a
catalyst in comparison to homogenous or heterogeneous chemical
catalysts can: collectively, in one step, esterify acylglycerol-linked
and free fatty acids, produce a glycerol as a side stream with a
minimum water content with little or nil inorganic material(s)
requiring no further purification and be re-used if immobilized
onto a certain support material [42] as will be demonstrated later.
Also, advantages of use of enzymatic catalysts include their
capability of catalyzing esterification and transesterification
reactions in one step and at mild temperatures, between 40 °C and
60 °C as well as ease of glycerol recovery [43-44]. Enzymes can
also catalyze monophasic as well biphasic systems provided that a
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hydrophilic or a hydrophobic solvent is present. Enzymes, in
comparison to conventional alkaline catalysts, can exhibit a
significant activity in a transesterification reaction using long as
well as branched chain alcohols. Also, enzymes have a higher
thermostability and short-chain alcohol-tolerant capabilities,
rendering them a suitable catalyst for use in biodiesel production
[45-49].

However, although enzymatic-catalyzed transesterification can be
considered as a green reaction environment since enzymes are
natural. And it has been proposed as a means to produce a
biodiesel with a high selectivity (producing a reduced amount of
side products and/or waste), and of a high purity via an economic
and environmentally friendly process and at mild reaction
conditions requiring low energy consumption rates. Furthermore,
in addition to their good efficiency, enzymatic catalysts can be
genetically reengineered so as to enhance their efficiency and
rendering them attract further substrates [50]. Cost of an enzyme;
nevertheless, can be a main hurdle towards implementation of
enzymatic-transesterification substrates [51]. Such obstacles can
be circumvented via immobilization of the used enzyme.

4. Immobilized Enzymatic-Catalyzed Transesterification

Immobilized enzymes are "enzymes physically confined or
localized in a certain defined region of space with retention of their
catalytic activities, and which can be used repeatedly and
continuously” [52]. Main methods of immobilization of an enzyme
are several including: attachment to a prefabricated carrier(s),
crosslinking and encapsulation/inclusion, etc. Sub-main methods
of immobilization of an enzyme are irrelevant to the topic
considered in this paper, they are; however, well-covered
elsewhere in a study by Tischer, W. and Wedekind [53]. Over
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history, immobilized enzymes have seen multiple different
applications such as: waste treatment, production of L-amino acids
and other related applications in industry and research. One
application of immobilized enzymes, that has and is seen a
growing interest, is catalyzing transesterification reactions for
biodiesel production.

The action of an enzyme, a lipase, in a transesterification reaction
is a dual one. Firstly, it catalyzes the hydrolysis reaction of the
used vegetable oil or fat, out of such a reaction a glycerol is
produced. Secondly, it forms esters of a linear chain, although an
alcohol of a short chain should be present. Furthermore, unless a
minimum content of water is in place, an enzyme might not
effectively catalyze a transesterification reaction. Also, to avoid
the damage of an enzyme, transesterification at high temperatures
should always be avoided [54]. With an immobilized-enzyme, the
enzyme could be easily separated from the product and reused
several times; thus, reducing the cost of production of biodiesel
[55]. However, immobilized enzymes in general suffer from loss
in their activity, diffusion limitations and the additional cost of
immobilization to the cost of enzyme [52]. Also, enzymes in
enzymatic-transesterification can not withstand rigorous reaction
conditions. Until recently, such circumstances have hindered a
wide commercial application of enzymatic-transesterification [25],
although studies of optimization of reaction conditions are
underway.

In an early investigation by Mittelbach, M. lipase-catalyzed
alcoholysis of sunflower oil under anhydrous conditions was
examined. Lipases from Pseudomonas fluorescensand two
immobilized enzymes from Mucor miehei and a Candida sp. gave
sufficient conversion with petroleum ether as a solvent, even when
methanol and ethanol were used. The overall content of tri-, di-
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and monoglycerides, as well as the corresponding alkyl esters, was
measured. Because Pseudomonas lipase led to almost quantitative
esterification, further studies were carried out with that enzyme
varying the amounts of enzyme or the alcohols. Acceptable
conversions were achieved even without a solvent. Reaction rates
of alcoholysis with alcohols such as methanol, 100% ethanol, 96%
ethanol and 1-butanol, with or without the addition of water, were
measured, and in all cases reaction rates increased with higher
chain length of the alcohol. In the case of methanol, the highest
rate was obtained without any addition of water, but a significantly
higher rate was observed with 96% ethanol as opposed to 100%
ethanol [43]. Linko and co-workers investigated the lipase-
catalyzed alcoholysis of rapeseed oil without additional organic
solvent. They obtained good results using Candida rugosa lipase
with a very high ester conversion provided that reaction conditions
are optimum [56]. Also, Kaieda and co-workers have developed a
new enzymatic method of synthesizing methyl esters from a plant
oil, soybean oil, using a lipase from Rhizopus oryzae and methanol
in a solvent-free reaction system. They found that the used lipase
efficiently catalyzed the methanolysis reaction of soybean oil in
the presence of 4-30 wt% water in the starting materials. However,
it was found that the lipase was nearly inactive in the absence of
water. The methyl ester content in the reaction mixture reached <
90 wt% by stepwise additions of methanol to the reaction mixture.
The authors explained the mechanism of the reaction as successive
reaction mechanism according to which the oil is first hydrolyzed
to free fatty acids and partial glycerides, and the fatty acids
produced are then esterified with methanol. The high methyl ester
content in the reaction mixture is probably attributable to the acyl
migration from the sn-2 position to the sn-1 or sn-3 position in
partial glycerides [57].
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Use of immobilized lipases as catalysts in the transesterification
reaction is also reported in this paper. The ethanolysis of sunflower
oil with Lipozyme (immobilized 1,3-specific Mucor miehei lipase)
with and without silica gel as a support in a medium merely
composed of sunflower oil and ethanol was investigated by Selmi,
B., and Thomas, D. They analyzed the effects of oil/ethanol molar
ratio, temperature, added water content and amount of the enzyme.
The optimal values were: 1:3, 50°C, 0% (vol/vol) and 0.4 g of
Lipozyme per 5.7 mmol of sunflower oil, respectively. They found
that use of the immobilized lipase made reuse of enzyme feasible
and the enzyme could be recovered easily from the reaction
mixture and recycled to reduce the cost of catalyst. In the last three
consecutive runs of enzyme reuse, the final conversion yield of
sunflower oil from ethanolysis with added silica gel support was
higher than that obtained from ethanolysis without silica gel
support. They also concluded that lipase-catalyzed alcoholytic
reaction is potentially useful in the production of alkyl esters of
specific interest [58].

Noureddini and co-workers have used an immobilized
Pseudomonas cepacia lipase for biodiesel fuel production from
soybean oil using methanol and ethanol. They have found that
following one hour of reaction, optimum conversion of methyl
ester was 67% and that of ethyl ester was only 65%, based on use
of methanol and ethanol, respectively. Furthermore, optimum
methanolysis and ethanolysis reactions conditions at a temperature
of 35 °C based on use of 10 g of soybean oil and 475 mg lipase
were as follows: a water content of 0.5 g and a methanol to
soybean oil molar ratio of 1:7.5, a water content of 0.3 g and an
ethanol to soybean oil molar ratio of 1:15.2, respectively [59].
Also, Novozyme 435-catalyzed transesterification of crude
soybean oil for biodiesel production in a solvent-free medium in a
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continuous batch operation using methanol as an alcohol was
investigated by Du and co-workers. Novozyme 435 is an
immobilized lipase of Thermomyces lanuginose. In this
investigation, contrary to the previous study reported by
Noureddini and co-workers, the alcohol used, methanol, was added
to the reaction mixture in a stepwise fashion. The authors have
found that according to this fashion, complete conversion to
methyl ester was obtained. Also, they have found that via washing
the reaction mixture with iso-propanol in order to remove the polar
glycerol of soybean oil, by which the activity of the used enzyme
can deteriorate due to poor solubility [42, 60], the reusability of
Novozyme 435 lipase was feasible [61].

In a previous related investigation by Du and co-workers, the yield
of methyl ester in the methanolysis reaction of crude oil as a
substrate and as a refined oil was compared. They found that the
yield of methyl ester via the substrate was much lower than that
obtained via the refined oil. This pattern can be attributed to the
phospholipid content of the oil as a substrate which it appears that
has led to a lipase deactivation. A remedy to this might be through
pre-immersing the used lipase in a crude soybean oil prior to
methanolysis [62]. Kdse and co-workers have investigated the
transesterification of the refined cotton seed oil of Turkish origin
with primary and secondary alcohols in the presence of an
immobilized enzyme from Candida antarctica, commercially
called Novozym 435 in a solvent-free medium. To attain a
maximum methyl esters yield of 91.5%, 30% enzyme based on oil
weight, a molar ratio of alcohol to cotton seed oil of 4:1, a
temperature of 50 and reaction duration of 7 hours, were
employed. Also, ester conversion between 72% and 94% were
obtained [63].
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Moreover, Shimada and co-workers have attempted the continuous
methanolysis of a vegetable oil, a mixture of soybean and rapeseed
oils, by an enzymatic process using immobilized Rhizopus
delemar, Aspergillus niger, Fusarium heterosporum, Candida
antarctica lipase (Novozym 435) and Rhizomucor miehei lipases
(Lipozyme IM60) using methanol as an alcohol. To fully convert
the oil to its corresponding methyl esters, at least 3 molar
equivalents of methanol were required. To avoid lipase
inactivation, methanol was added stepwise to the reaction mixture.
The reaction was continued for 48 hours (2 days) in three steps as
following: In the first step, the reaction was conducted at 30°C for
10 hours in a mixture of oil/methanol (1:1, mol/mol) and 4%
immobilized lipase with shaking at 130 oscillations/min. After
more than 95% methanol was consumed in ester formation, a
second molar equivalent of methanol was added and the reaction
was continued for 14 hours. In the third step, the third molar
equivalent of methanol was finally added and the reaction in this
step was continued for 24 hours. Out of this procedure, 98.4% of
the oil were converted to its corresponding methyl esters. Among
the lipases tested, they found that immobilized Candida
antarctica lipase was the most effective for the methanolysis. To
investigate the stability of the lipase, the three-step methanolysis
process was repeated by transferring the immobilized lipase to a
fresh substrate mixture. As a result, more than 95% of the ester
conversion was maintained even after 50 cycles of the reaction
(100 days, 2 days each) [64].

Also, Watanabe and co-workers have proposed a procedure of
continuous production of biodiesel fuel from a vegetable oil (a
mixture of soybean and rapeseed oils) using immobilized Candida
antarctica lipase with methanol in an organic solvent-free system
for the purpose of practical application of enzymatic method.

200 Copyright © ISTJ 4% ghae aaal) (368a
;\mb ?3""“ @3.\1\ M




International iyl 5 i
Science and Technology Journal Volume 21 ) tsans eenr o Teekasng Joursl

R S /&

Three different molar ratios of methanol to oil were used, namely:
1:2, 1:3 and 2:3. They have shown that triacylglycerols of the used
vegetable oil were efficiently methanolyzed to their corresponding
methyl esters by two-step batch reaction and three-step flow
reaction with immobilized Candida lipase, and that the lipase could
be used for at least 100 days in both reaction systems without any
significant decrease in conversion. In addition, the proposed
processes, continuous three-step flow reaction; in particular which
gave a 95 wt.% biodiesel yield, can reduce the cost of lipase and
shed light on the industrial production of biodiesel fuel by
enzymatic method [65]. In enzymatic-transesterification, such low
molar ratios should be avoided. It was observed that the oil to be
transesterified and methanol, at a temperature of 40 °C, could
create a solution with molar ratios close to 1:1 by which solubility
of methanol in the reaction mixture decreases and that the activity
of the used enzyme could deteriorate, affecting transesterification
reaction. Also, presence of insoluble methanol (MeOH) and/or
ethanol (EtOH) in drops form in the oil to be transesterified can
give rise to a lipase deactivation up on contact, leaving behind low
reaction rates, low methanolysis/ethanolysis, respectively [66].
However, as a remedy, adding an organic solvent to the reaction
mixture could increase the solubility of methanol in the reaction
mixture and help lessen the deactivation of enzyme, accelerating
the enzymatic-transesterification [67]. Further options to avoid
enzyme/lipase deactivation are detailed in a study conducted by
Tan and others [68]. On the other hand; however, Nie and co-
workers have stated that molar ratios higher than 1:1 could
denature the used enzyme as a result of methanol toxicity. Hence,
they recommend use of lower molar ratios [69]. It seems that this
is also the case in case ethanol has been used in producing
biodiesel via an immobilized lipase. Tan and co-workers have
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reported that deactivation of the used lipase is mainly due to high
ethanol to oil (residues of fatty acids) molar ratios during the
inevitable contact between the used lipase and the organic polar
immiscible phase that consists of the oil and ethanol [68].

Previous research targeting investigation of some low-temperature
properties and performance of an enzymatically-based biodiesel
produced from low-cost feedstocks such as spent restaurant
greases, lard and tallow, etc., strongly suggests that such a
biodiesel is of a good quality. Ethanolysis of such feedstocks can
produce ethyl esters that possess low-temperature properties such
as pour point, cloud point, low-temperature flow test and cold filter
plugging point that strongly bear a resemblance to those of methyl
esters obtained via methanolysis of soybean vegetable oil, the
principal feedstock for biodiesel production in the United States
[70,25]. The performance, fuel consumption and emissions level of
a dual-cylinder diesel engine run on a fuel blend, consists of an
enzymatically-based biodiesel and 20% ethyl esters obtained via
ethanolysis of a grease feedstock or iso-propyl esters following
using iso-propanol as an alcohol in the transesterification of tallow
and those obtained via running the engine on this enzymatically-
based pure biodiesel were compared. It was shown that adequate
performance, lower fuel consumption and a similar emissions level
were observed when such a blend was used instead of a pure
enzymatically-based biodiesel [71]. Due to their relatively high
levels of free fatty acids, > 8%, use of lipases; in particular, in the
transesterification of such feedstocks is advantageous over other
inforganic catalysts which usually require multiple processing
steps. These lipases can accept both free and glyceride linked fatty
acids as substrates during ester production [72].
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In an investigation, Wu and co-workers have attempted to
transesterify a recycled restaurant grease containing 8.5% free
fatty acids using two lipases, namely: PS-30 (specific activity 34
IU/mg solid) from P. cepacia and SP-435 (specific activity 43
IU/mg solid) from Candida antarctica, and using 95% ethanol
instead of absolute ethanol. While testing the PS-30, their focus
was also on optimizing reaction parameters such as temperature,
time, level of lipase and mole ratio of reactants using the response
surface methodology, RSM. According to the RSM optimization
methodology, the ester yield was 85.4% at the optimum reaction
conditions of: 38.4°C, 2.47 hours, 13.7 wt% lipase (PS-30) and a
mole ratio of grease to ethanol of 1:6.6, respectively, although the
experimental yield was lower. In order to improve the
experimental yield of ester, the authors added extra amount of
PS-30 lipase to the reaction mixture. However, this has brought
in no achievement. Alternatively, they found that the addition of
the other lipase, SP-435, to the reaction mixture after one hour
following the start of the initial reaction using the PS-30 lipase,
has increased the yield of ester to 96%. It should be noted that
both lipases when employed alone did not give the RSM-
predicted vyield [73]. Use of lipases such as Thermomyces
lanuginosa and Candida antarctica supported on granulated silica
(gran-T.l. and gran-C.a., respectively), C. antarctica supported on a
macroporous  acrylic  resin ~ (SP435)  and Pseudomonas
cepaciaimmobilized within a phyllosilicate sol-gel matrix (IM PS-
30), in the methanolysis and ethanolysis of a restaurant grease in a
no-solvent medium while adding both alcohols in one step, has
been reported. Among the lipases tested, IM PS-30 was found to
be the most effective lipase catalyzing both methanolysis and
ethanolysis reactions. Intermediate yields of methyl and ethyl
esters were obtained using SP435. However, poor conversions to
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the corresponding esters were obtained using both gran-T.l. and
gran-C.a lipases. While using IM PS-30 in the methanolysis
reaction, lower water activity, less than 0.5, and use of molecular
sieves resulted in higher methyl ester conversions and improved
methyl ester yields by as much as 20% [74].

Also, Hsu and co-workers in another investigation have
investigated the continuous production, via enzymatic-
transesterification, of ethyl esters of grease using a phyllosilicate
sol-gel immobilized lipase from Burkholderias cepacia (IM BS-
30) as a catalyst. The enzymatic transesterification reaction was
carried out in a recirculating packed-column bioreactor using IM
BS-30 as the stationary phase and ethanol and restaurant grease
as the substrates without a solvent. In order to optimize the
production of ethyl esters, the reaction was repeated at several
temperatures between 40 °C and 60 °C, several flow rates
between 0.005 and 0.05 L/min and several times between 8 hours
and 48 hours. The authors have found that optimum conditions
which were: 50 °C, 0.03 L/min and 48 hours, respectively, with a
molar ratio of ethanol to grease as 4:1, resulted in ester yields of
> 96%. Reusability of IM BS-30 was reported. Free and total
glycerol contents of the produced ethyl esters can be reduced to
acceptable levels either via water-washing or silica column
chromatography [75].

Lee and co-workers produced methyl or ethyl esters from lard
and restaurant grease via enzymatic-methanolysis in the presence
of immobilized lipase Chirazyme L-2 (lipase from Candida
antarctica; 10% wi/w of total substrate) with and without, a porous
material, 10% silica gel only when more than 1 M methanol was
used as a reaction substrate; respectively, or via a base-catalyzed
reaction of free fatty acids of restaurant grease. Prior to
esterification, in order to attain a maximum reaction rate, reaction
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substrates were manipulated in an acetone fractionation or on a gas
chromatography column packed with an adsorbent. To avoid the
deactivation of Chirazyme L-2 by excess methanol, more than 1
mole, each 1 M methanol was added one after the other following
24 hours of reaction. 74% conversion to tallow-based methyl ester
was attained. The authors have also found that when using more
than 1 M methanol as a reaction substrate, use of 10 % silica gel
improved the conversion. While using a 1:3 as a molar ratio of
fractionated lard to methanol without using 10% silica gel, the
conversion rates, i.e. extent of conversion, were 2.7% and 2.8%
following 24 hours and 48 hours of reaction, respectively.
Nevertheless, use of 10% silica gel as a reaction substrate for the
same periods of time increased the conversion rates to 25% and
58%. Base-catalyzed reaction of crude restaurant grease and those
free fatty acids of restaurant grease obtained after manipulating the
restaurant grease via column chromatography produced esters at a
conversion of 96% following 24 hours of reaction and only 25%,
respectively. The authors have concluded that produced esters
could be used as a fuel, potentially as a biodiesel [76].

Moreover, among the low-cost feedstocks that have been exploited
for biodiesel production are residual oils contained in spent
bleaching earths and in soapstocks, which are by-products of
refining a vegetable oil [42]. Soapstock, a mixture of soaps [77], is
a wealthy liquid of free acids, containing 10% free fatty acids,
nearly 12% acylglycerols, 8% phospholipids and nearly 50% water
with a quite high pH, typically >9. If not exploited for biodiesel
production, due to its high pH and significant content of polar
lipids and water, these lipids and water, a soapstock can form a
stable, dense and viscous emulsion which can be naturally
solidified at room temperature. In general, the content of such
feedstocks of oil can nearly be 40 wt.% and 50 wt.%, respectively
[42]. Enzymatic-methanolysis of oils extracted from such
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feedstocks was investigated by Hass and co-workers as well as by
Pizarro, A. V. L. and Park, E. Y. [78-79]. Using hexane, residual
oil contained in spent bleaching earths from several oils such as
soybean, rapeseed and palm were extracted and recovered. These
oils were; then, methanolysised using Rhizopus oryzae lipase as a
catalyst in the presence of a high content of water. It was found
that Rhizopus oryzae lipase has efficiently catalyzed the
methanolysis reaction. There was no indication of inactivation of
Rhizopus oryzae lipase by methanol as long as the concentration of
the latter is lower than 4 milli-equivalents provided that the content
of water is 75% (by weight of substrate). Among the oils
examined, palm oil gave the highest conversion yield of 55%
(w/w) after 96 hours of reaction, at a temperature of 35 °C and 1:4
oil/methanol molar ratio. Perhaps, the methanolysis of the other
two oils, soybean and rapeseed, has not been quite successful due
to adverse viscosity conditions although higher contents of water
and methanol concentrations were used [79]. Simple, high-
efficiency synthesis of fatty acid methyl esters, biodiesel, from
soapstock through enzymes that are immobilized on a solid
support was reported by Haas and co-workers. Minimum molar
reactant  ratios  for  full  esterification were fatty
acids/methanol/sulfuric acid of 1:30:5. The esterification reaction
was substantially complete within 10 min and was not inhibited
by residual water contents up toca.10% in the saponified
soapstock. The produced fatty acid methyl esters contained >99%
fatty acid esters, 0% triglycerides, <0.05% diglycerides, <0.1%
monoglycerides and <0.8% free fatty acids. In order to reduce
levels of free fatty acids, they were washed with dilute sodium
hydroxide. Free and total glycerol were <0.01 and <0.015%,
respectively. The water content was <0.04%. These values meet
the current specifications for biodiesel [78].

In another separate investigation by Haas and co-workers, an ester
that has the following fatty acid composition, wt.%,: palmitic:
16.2, stearic: 4.7, oleic: 16.2, linoleic: 54.4, and linolenic
(CH3(CH,CH=CH)3(CH;);COOH): 6.9, was produced. They
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found that such a composition quite resembled the fatty acid
composition of soy soapstock and is quite similar to that of
commercial biodiesel produced from refined soybean oil. The ester
product was in accordance to the provisional biodiesel
specifications of the American Society for Testing and Materials
(ASTM) with regard to all variables examined: flash point, water
and sediment, carbon residue, sulfated ash, density, kinematic
viscosity, sulfur, cetane number, cloud point, copper corrosion,
acid number, free glycerin and total glycerin. It also had density
and iodine number values comparable to those of commercial soy-
based biodiesel. Emissions data for both the neat fuel and a 20 vol.
% blend in low-sulfur petroleum diesel were collected according to
the Environmental Protection Agency heavy-duty transient cycle
protocol using an engine on an engine test stand. The emissions
profile of biodiesel from soapstock was quite similar to that of
biodiesel produced from refined soy oil. Compared with petroleum
diesel fuel, emissions of total hydrocarbons, particulates and
carbon monoxide were reduced 55%, 53%, and 48%, respectively,
with neat soapstock biodiesel. Total nitrogen oxides increased 9%.
Operation on a 20 vol. % blend of soapstock biodiesel in
petroleum diesel gave reductions of 27.7%, 19.7%, and 2.4%,
respectively, in total hydrocarbons, particulate matter and carbon
monoxide, relative to petroleum diesel. Nitrogen oxide emissions
increased 1.3%. In the context of engine emissions. These data
suggest the suitability of the methyl esters of soy soapstock as a
diesel fuel [80]. Furthermore, microbial lipase-catalyzed
hydrolysis, esterification, and alcoholysis reactions were carried
out on acid oils, of soapstock, of commerce such as coconut,
soybean, mustard, sunflower and rice bran for the purpose of
making fatty acids and various monohydric alcohol esters of fatty
acids of the acid oils. Neutral glycerides of the acid oils were
hydrolyzed by Canadida cylindracea lipase almost completely
within 48 hours. Acid oils were converted into fatty acid esters of
short- and long-chain alcohols such as C4, Cg, C19, C12, C16 and
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Cis in high yields by simultaneous esterification and alcoholysis
reactions with Mucor miehei lipase as a catalyst [81].

Nelson and co-workers have compared the transesterification of
tallow, which is an excellent source of biodiesel [71], using several
lipases with secondary branched alcohols and methanol. They
found that the transesterification with Pseudomonas cepacia, PS30,
and C. Antarctica, SP435, using secondary alcohols produced the
highest conversions to the corresponding esters provided that some
water is added to the reaction mixture. However, lower
conversions, hardly between 60 and 84%, can be obtained in a no
added-water environment, although the reaction is run overnight.
The addition of water; however, was with an opposite effect when
methanol was used as an alcohol reflecting the sensitivity of the
methanolysis to water [82]. Also, the effect of using a solvent in an
enzymatic-catalyzed transesterification reaction with using
branched-chain alcohols such as iso-propanol and 2-butanol and
normal alcohols such as methanol and ethanol was investigated.
For a reasonably high ester conversion, with using the former type
of alcohols, it was found that use of a solvent was not
recommended. However, use of the latter type of alcohols which
possess a higher polarity, use of a solvent is essential to avoid
enzyme deactivation and to attain a better ester conversion [83].
Nevertheless, this was not quite the case in a work by Abigor and
co-workers producing fatty acids esters from two Nigerian lauric
oils (CH3(CH2)10COOH), palm kernel oil and coconut oil, by
transesterification of these oils with five different branched-chain
and normal alcohols using PS30 lipase as a catalyst using no
solvent while using both types of alcohols. Alcohols used
included: iso-propanol, n-propanol, 1-butanol, t-butanol and
methanol. In the conversion of palm kernel oil to its corresponding
alkyl esters (biodiesel), the authors found that ethanol gave the
highest conversion of 72%, t-butanol 62%, 1-butanol 42%, n-
propanol 42% and iso-propanol 24%, while only 15% methyl ester
was observed with methanol. While the conversion of coconut oil,
1-butanol and iso-butanol achieved 40% conversion, 1-propanol
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16% and ethanol 35%, while only traces of methyl esters were
observed using methanol. In addition to this, the authors have also
studied some biodiesel properties based on the use of palm kernel
oil as well as on the use of coconut oil. They found that using the
latter oil produced a biodiesel that well compares with
international biodiesel standards [84]. Use of alcohols such as
ethanol  and  iso-propyl in  the  enzymatic-catalyzed
transesterification of beef tallow and a grease using Lipozyme
IM60 of Mucor miehei and SP435 of Candida Antarctica;
respectively, was investigated by Wu and co-workers. Engine
performance and emissions for the ester blends were determined
in a direct-injection matched two-cylinder diesel engine. Among
the monoalkyl esters studied, ethyl greasate had better properties
and engine performance characteristics than the two tallow esters.
For the latter esters, isopropyl tallowate had better properties than
ethyl tallowate [71].

However, enzymatic including immobilized catalysts are costly

and that enzymatic-catalyzed transesterification reactions usually
require long times between 24 to 48 hours. In addition, their
catalytic activity generally does not withstand the effect of
impurities [85-86]. In fact, the activity of enzymes usually
deteriorates as a result of poor solubility of polar components,
within the transesterification environment, such as water, alcohol
used (methanol, etc.) and glycerol of used oil, in the oily phase
[42,60], although addition of methanol in a stepwise manner, to the
reaction medium, can help tackle this issue and offers a continuous
usability [87]. Besides, an enzymatic-catalyzed transesterification
reaction requires a thorough control of reaction parameters in order
to avoid some manufacturing difficulties [54].

Optimization of an enzymatically-catalyzed transesterification
involves the optimization of factors that are related to the
properties of the used lipase such as the molar ratio of the used
alcohol to the triacylglycerols present in the used oil, reaction
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temperature, water activity as well as the type of organic solvent,
in case one has been used [67] and the optimization of other
important factors such as: content of water, level of free fatty acid,
conversion, acyl migration and flow rate of the substrate in
bioreactors; packed bed reactors in particular [50]. Optimization of
an enzymatically-catalyzed transesterification of waste cooking
oils into biodiesel in methanol using immobilized lipase based on
Rhizopus orzyae was carried out by Chen and co-workers. Among
the factors they considered were: the molar ratio of methanol to
waste oils, biocatalyst loading and addition method, reaction
temperature and water content. Their results indicated that
methanol to oil ratio of 4:1, immobilized lipase/oils of 30 wt% and
40°C were the most suitable for waste oils under 1 atm. The
irreversible inactivation of the lipase was presumed and a stepwise
addition of methanol to reduce inactivation of immobilized lipases
was proposed. Under the optimum conditions, the yield of methyl
esters was between 88 and 90% [88].

Almost similar aims were the aims of an optimization study
performed by Maceiras and co-workers. They investigated the
enzymatic production of biodiesel from waste frying oil with
methanol using immobilized lipase Novozym 435 as a catalyst.
Among the factors they considered were: methanol to oil molar
ratio, dosage of enzyme and reaction time. They also investigated
the reusability of the lipase/enzyme over repeated cycles under
standard conditions. Their results indicated that methanol to oil
ratio of 25:1, 10% of Novozym 435 based on oil weight and 50°C
were the most suitable for a biodiesel yield of 89.1% provided that
the reaction goes on for four hours. In terms of the reusability of
the used enzyme, they found that in order for the reused enzyme to
give its maximum performance, a low methanol to oil molar ratio
of 1:1 should be used [89]. In another optimization investigation
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by Li and co-workers, an efficient biocatalyst, inexpensive self-
made  immobilized lipase  from Penicillium  expansum,
for biodiesel production using methanol as an alcohol from waste
oil with a high acid value, was tested using an organic solvent.
They revealed that water developed in the first reaction,
esterification of free fatty acids with methanol, prohibited a high
methyl ester yield which should be obtained from the second
reaction, transesterification. As a remedy to the issue of water so
as to the yield of methyl ester could be enhanced, the authors
recommended the use of silica gel as an absorbent to absorb the
water, boosting the yield of methyl ester up to 92.8% in seven
hours of reaction time. Reusability of the enzyme was also
positively tested since the enzyme was used for ten batches
showing no indication of inactivity [90]. Also, optimization of
enzyme loading and mixing condition as operating parameters that
are with an effect on the yield of biodiesel production from a waste
oil was the aim of an investigation made by De Paola and co-
workers. They found that the best results were obtained at high
enzyme loading and high stirring [91].

Conclusions:

In this review, the importance of the switch towards use of
biodiesel has been emphasized. Use of the renewable biodiesel as a
fuel can help lessen the severity of the current energy crisis and
several environmental pollution issues. Furthermore, with using
biodiesel, several costs that are associated with extracting and
using ordinary fossil fuels can be eliminated. Production of
biodiesel can be via different types of catalysts, homogenous,
heterogeneous or enzymatic, although each of which may suffer
from certain limitations. In fact, it seems that deciding the proper
type of the used catalyst in transesterification reaction may be the
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bottleneck in the production of biodiesel, provided that used
vegetable oils and/or animal fats are cheap and widely available.
Homogenous catalysts may complicate the sequence of biodiesel
production and also are not economical, although they do not
require high reaction conditions. This, to a large extent, is also
applicable to heterogeneous ones. Also, enzymatic catalysts are not
an ideal tool in biodiesel production despite their effectiveness as
reported above. Cost(s) cuts in biodiesel production are still
lacking.
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Abstract:

Vernacular architecture has always inspired modern architecture
not just in terms of forms and decoration but also the way it
responds to people needs and local resources. In terms of
sustainability, this architecture has shown great answers to the
three bottom lines of sustainability. Nowadays, modern
architecture and interior design is trying to find solutions to the
problems resulted from modern far from identity constructions.
Consideration for materials and resources focuses on the health
and productivity consequences of material selections for building
occupants, plus the long term social, economic, and environmental
impacts of materials used in the design and construction of the
building. Green building addresses two kinds of problems related
to materials and resources: waste management and life-cycle
impacts. This issue has been discussed by many professionals and
researchers and it seems this problem is more likely existed in not
developing countries comparing with developing countries.

The lack of selecting the right materials, have not been well taken
into the consideration. Researchers have developed a number of
assumptions that helps to resolve the research problems, which
includes The application of the green material and resource in the
Libya interior designs to provide a healthy environment to the
interior spaces Therefore, the paper aims to search for the
possibilities of proposing some indicators using sustainable
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material and resource in the of internal Libya spaces. The
theoretical part goes through a brief study to definition of
sustainable material and resource in Libya, and its uses in all the
elements of internal and emphasis about the traditional symbols to
preserve the identity of Libya. The paper lately analyses the usage
of the materials in a traditional house in Ghadames to define the
way vernacular interior architecture responded to green terms.

Key words: Sustainable materials, Sustainable interior design,
Libyan interior Architecture, Gahdames interior, vernacular
interior.

1. Introduction

Materials are the easiest way for architects to begin incorporating
sustainable design principles in buildings. Traditionally, price has
been the foremost consideration compared with similar materials
or materials designated for the same function.

In addition the analysis of building products, from the raw
materials collection to their final disposal, provides a better
understanding of the long-term costs of materials. These costs are
not only paid by the client, but also by the owner, the occupants,
the society, and the environment. The principles of Life Cycle
Design provide important guidelines for the selection of building
materials. Each step of the manufacturing process, from gathering
raw materials, manufacturing, distribution, and installation, to
ultimate reuse or disposal, is examined for its environmental
impact. A material’s life cycle can be organized into three phases:
Pre-Building; Building; and Post-Building. These stages parallel
the life cycle phases of the building itself.

In order to achieve sustainability in Libyan interior design,
designers should go back to role models in traditional design. An
analytical look to the elements use in residential units in old
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Ghadames explores the beauty of interior design that answers
sustainable terms preserves local identity. The optimal
employment of sustainable materials and local resources in
Ghadames interior architecture shows the creativity of such
traditional designs and the great ability to respond to local climate
and environment.

1.1.Research problem.

The problem is more likely existed in non-developing countries
compared with developing countries. The lack of selecting the
right materials, have not been well taken into the consideration.
This includes the application of the green material and resources in
the Libyan interior architecture to provide a healthy environment
to the interior spaces and also emphasis about the traditional
symbols to preserve the identity of Libya architecture. On the other
hand, a lot of answers are found in vernacular architecture that
needs exploring and refining.

1.2.Methodology

To size the suitable materials in Libyan interior design, the
research survey the classification of these materials. All
requirements and criteria is acknowledged in order for these
materials to reach sustainable design checklists. A systematic
literature review takes place in the research by gathering
information from different resources including assessment
systems, previous studies and case studies. In addition the review
search the criteria required for any project and the materials related
to it by analyzing the old Libyan house as an example of
sustainable material usage in the elements of Libyan interior
architecture. The Libyan case study selected is the old Ghadames
house and all interior elements are analyzed considering materials
and resources focusing on the health and productivity
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consequences of material selections for building occupants, plus
the long term social, economic, and environmental. The materials
and elements are evaluated in terms of sustainable design criteria
and identity determination.

2. Classification and Criteria Required for Any Project of
Materials used in Interior Architecture

2.1 Collection and Storage of Recyclable Materials

This is meant of how to promote waste reduction and cutback
resulted from building occupation and which is get rid of by
transporting it to landfills.

Requirement: Design a place functioned to collect and storage
the waste materials and separate them in order to recycle them. For
example, consider a recycling center space with distinct places for
at least metals, plastics, glass, paper, and cardboards. These
recycling points should be taken in consideration by not only the
designers but also the owners and the managers. Terms to be
examined:

e The way these recyclables are kept and delivered by
building occupants from different departments and stories.
In other words, the system and place of collecting waste
materials for recycling; either by using individual bins at
each desk for example or by assigning a midpoint area such
as lounges, cafeterias, or pantries.

e The period of time these recyclable are collected from each
point. (department or story)

e The place all these recyclable waste is delivered to for final
assembly.

e The frequency of collecting the waste by recycling
management programs.
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The average individual production of waste is 1.82 kg per day. As
a prerequisite, LEED certified buildings have to reduce waste
hauled in landfills; by recycling metal, glass, paper, plastic, and
cardboard [1].

Using Materials with Recycled Content: Materials with a

recycled content are materials used in a product with portion that
have been diverted from the solid waste flow. These products can
be concrete, steel and furniture for example. There are two kinds
of materials concerning their recycled content:
1. Pre - Consumer Recycled Content
2. Post - Consumer Recycled Content

Pre-consumer recycled content is the waste material output or
product that has been diverted from the waste flow of some
industries to other industries or landfilled. It is the waste during the
industry operation, and does not reach the consumer. Slag, fly ash,
shavings, sawdust, crusher dust, walnut shells, and others are
considered a post-industrial, pre- consumer recyclable materials.

Post-consumer recycled content is the waste product or material
brought from the consumer. It is usually created from residential,
industrial, or institutional locations. This waste product will not be
used for its original purpose [1]. Newspapers, glass, construction
and demolition waste, plastic bottles, cans and steel are all post-
consumer recyclables created by consumers after a product has
reached the end of its use.

2.2 Waste management reduction (redirect & reuse waste)

It refers to constriction of the waste and toxins that are transported
to main landfills or discarded to be burned. This waste is produced
in the daily course of building operation such as tiles, bricks,
asphalt, wood, and rubber. The amount of waste disposed to
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landfills could be controlled by recycling, reusing, and reduction
programs. This waste can be classified in two groups.

2.2.1Construction demolition waste
This group has any waste derived from construction, renovation
and demolition areas. Reusing the building or parts of it can
expand the life cycle of these materials. It also help in sustaining
resources, preserving cultural wealth, decreasing waste and
environmental impacts of new structures as they relate to materials
production and transport.

Requirement: Control at least 75% of the present structure and
shell of the building (structural frame and building without
window assemblies and non-structural roofing material).

2.2.2 Solid waste recycling
Recycling is the accumulation of recyclable waste materials to
convert them to new usable items. This recyclable material could
be collected either individually from the whole debris in
specialized containers and hauling trucks or be classified straight
form the general disordered debris flow.

2.3 Green material

Green materials can be recycled content materials, regional and
local materials, rapidly renewable materials, certified wood
materials, or nontoxic materials.

2.3.1 Recycled content
Products used in building should be reduced, recycled, and reused
rather than using products from raw materials. This method will
help in reserving natural resources, decreases energy consumption,
and lessen carbon dioxide emissions.
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The product should have a high percentage of materials diverted
from the waste flow of some industries (pre-consumer recyclables)
or brought from the consumer (post-consumer recyclables). This
total material amount, volume, or weight percentage is called the
recycled content for a product. Examples of main building
materials which can be recycled are paper, plastics, glass, metal,
concrete, wood, and brick.
e Reduction

This is called ‘Dematerialization’ strategy. The strategy works by
“take less and give more” concept, which means achieve high
performance and lessen material consumption. A cut in the amount
or volume of the resources is essential to reduce the whole material
usage. Moreover, this cut will reduce the waste formation within
each individual system or group of industrial product Products
with such characteristics have reused, recycled, or junk materials

[2].

e Reusing

Reusing materials decreases raw materials extraction from natural,
reduces the amount of waste disposed to landfills, and increases
economic savings. Analyzing the hierarchy of waste management
and life cycle assessment, it is obvious that reusing and recycling
IS a priority taking in consideration the ‘zero waste — reincarnation’
concept [3]. After the building life come to an end by ending its
service, its life span could be expanded by reusing and recycling
its structural components and materials. Many of the sustainable
interior designs use salvaged, refabricated, and reused materials
such as wood, glass, doors, windows, and bricks. The reusing
concept takes in account other sustainable development factors;
economic, social, and environmental.
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Reusing recovered, salvaged, and refurbished materials mixed
with new materials could be used to construct the structural
component and materials of a new building rather than be disposed
to landfills. In addition, this would minimize the energy spent in
transportation to disposal points [3]. Table no. 1 shows the
maximum distances needed for some reclaimed materials. If the
distance needed to divert the material from the building site is
bigger than the one on the table, then buying a new material is a
more sustainable than choice in this case taking in consideration
the carbon fingerprint of the whole action.

Table 1. Maximum Transportation Distances for Reclaimed
Materials [3].

Material Distance (KM)
Reclaimed tile 161
Reclaimed bricks 402
Reclaimed slate 483
Reclaimed timber 1609
Reclaimed steel 4023
e Recycling

To recycle a product or a material is to remanufacture it after been
already used to get a new usable product. Waste materials that are
recyclable are collected from construction sites or waste landfills.
Recycled waste materials can be a source of building materials.
Material recycling has major benefits on environment, and
economy. Reprocessing a waste product to get a different product
can lead to energy savings, cleaner air, less waste, and more Green
House Gases reduction. Table no 2 shows the environmental
effects of several building materials. To mention, Aluminum
recycling can give us the most energy savings in the list; 95%.
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Going down the list comes second plastic with 70% and paper with
40%. After glass and cardboard come with 5-30% [4].

Table 2. Environmental Effects of Recycling Building Materials [4],

p.133).

Material

Energy savings, [%6]

Air pollution savings, [%a]

Aluminum

95

95

Cardboard

24

Glass

5-30

20

Paper

40

Plastics

J0

Steel

60

Every year, factories around the world produce twenty five
billion tons of concrete which means that we consume concrete in
building more than any other material. Since concrete is a durable
material, it does not get wore by time rather than the building or
the concrete structure becomes undesirable and there is need to
structural changes [3]. For such concrete remains or shred can be
recycled to other building products such as concrete tiles, mosaics,
or gravel stones.

Some materials are made of many components. They are less

recyclable as these components need to be divided from the whole
structure in order to get recycled. It is favored to do such
proceedings in terms of environmental impact. Rather these
materials could be directly reused or repurposed. Glass waste is
gathered from building sites and used to manufacture glass floor
tiles and mosaic ceramic. Usually steel is one of the most
recyclable material because it can be easily removed from the
unwanted structure or debris. Materials that cannot be reused as
they are, should be divided into recyclable components. For

Z\.}MUNMMJNM
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instance, it is usually difficult to remove rubber from construction
debris. At this point, such materials are not recyclable unless there
is a way to easy detach them from the mixed waste.

2.3.2 Regional and locally sourced materials

The idea of selecting regional materials as a sustainable choice is its
ability to encourage local economy and decrease the whole energy
consumed and therefore lessen the greenhouse gas emissions in
favour of addressing global warming and environmental pollution.

The travelling distance of a product or a material from
extracting or manufacturing site to the building site is a measure to
how this material is sustainable. LEED (USGBC rating system)
encourage this distance to be less than 800 km, as the shorter the
distance, the less energy are consumed and less GHG emissions.
[5]. The usage of regionally and locally produced materials has a
further aim which is boosting the local economy, and lessen the
effects from the transportation. The main cause of global warming
is the greenhouse gases emitted in the atmosphere and some of
them are from transporting. In addition material transportation is a
main element in energy consumption mostly from heavy materials
like concrete, steel, and masonry. The lowest in energy
consumption from means of transportation is the marine ships.
Second in place comes trains and then trucks. Airplanes are the
biggest consumer of energy between all [6].
Table 3. Energy Consumption in Transportation of Materials [6].

Transport mode NI /t'kem Co2 k'km
By air 33._.36 =
By road (diesel) 0.8...22 0.069
By rail (diesel) 0.6...0.9 0.060
By rail (electric) 0.2...0.4 0.065
By sea 0.3...0.9 0.115
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Local materials could reduce costs and carbon economy in case
there are available with suitable amount. Any materials that are
existed so far from the project should be replaced with more
sustainable material [7].

2.3.3 Rapidly renewable materials

Using rapidly renewable materials main aim is to support a
building material that came from agricultural products and take
less than ten years to regrow and get harvested. Examples of
rapidly renewable materials are bamboo flooring, wool carpeting,
linoleum flooring, cork flooring, sunflower seed board panels,
wheat board cabinetry, and cotton insulation [3].

2.4 .Classification of Materials used in Interior Architecture
Materials used in interior architecture can be classified according
to where they are used in the interior space. It is useful to
acknowledge what is used where so the designer’s decision
regarding material choices would be easier. They are classified as
following:

2.4.1 Floor Materials

e Wood: it should be certified by organizations that it came
from responsibly managed forests; which is such as the
Forest Stewardship Council (FSC)

e Rapidly renewable flooring materials: for example;
bamboo, cork and rubber. These materials are characterized
of short harvesting periods (less than ten years), strength,
and moisture resistance.

o Natural Stone

2.4.2 Wall Materials
e Paint: paint products with low violate organic components
VOCs, non-toxic components that might emit toxic gas as
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ammonia, or formaldehyde. Sustainable paint will
contribute in better indoor air quality 1AQ [3].

e Plaster: Using a natural clay plaster rather than artificial
one favor a good moisture absorption and release.

e Wall tiles: tiles which have a waste diverted components
for example recycled porcelain, ceramics, and glass tiles.

e Wallpapers: they should made from rapidly renewable
materials such as cork, or plant fibers.

2.4.3 Ceiling Materials
e Gypsum and foam could be used according to Global
Resource Limitations criteria.
e Cork, bamboo, and rubber could be used according to
rapidly renewable materials criteria.
2.4.4 Insulation Materials
e Sustainable materials with an effective energy performance
for example Cotton Batt and Rockwool would be used as
insulators efficiency [3].
2.4.5 Windows Materials
Windows selection is an essential part of the sustainable design as
they should control most of the heat gain and loss of a space.
Pinpoints in windows assemblies are:
e Low- E coating boosting the level of insulation.
e Double glass with inert gases like Argon and Crypton.
e Certified wood from FSC certified forests.
2.4.6  Furniture and Fabrics Materials
e Reused building elements like doors and windows can be
reused to make furniture such as tables.
e Wood products should be from responsibly managed
forests.
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e Adhesives, waxes, stains, polishes, varnishes, and paint
used in the furniture should be clear of any toxic
components.

e Fabrics and carpets that are made from natural materials
such as cotton, bamboo, hemp, or wool. In addition, Sisal,
Coir, Jute, and Sea grass could be used to make natural
fibers.

3. The Analysis of Sustainable Material Usage in the Elements
of Libyan interior architecture.

Vernacular architecture has always offered unique sustainable
solutions through its urban context, architectural forms, to interior
space arranging and materials. In order to acknowledge the use of
sustainable materials in Libyan interior architecture, a study to the
most prominent example is presented. The study id for the old
house of Ghadames city.

3.1 Ghadames Background

Ghadames is a city southwest of the capital Tripoli by 700 km in
the middle of the desert. Its urban and architectural context is a
very suitable respond to the Saharan climate in a sustainable
method. Old Ghadames used to have 7000 inhabitants living in
1600 residential units. In 1982, the residents moved to the new
neighborhood offered by the government which were designed in a
modern way. The modern city didn’t offer the thermal comfort of
the old city nor reach the social core of the Ghadames people. The
city has a desert climate. Most of the seasons are dry and hot with
temperature reaching 48°C [8].

3.2 The Idea of Design
The design of the traditional building in Libya and especially in
Ghadames as many vernacular architecture responses to the local
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climate using natural resources. This is found in the three main
levels of design; the first level is the construction materials. The
second level concerns about the building forms, heights in the city
level, and the systems implied in the buildings and streets.

These systems including how these forms and city veins are
ventilated and lighted. It is how the streets and squares are
designed to fulfill the thermal and social comfort in this hot oasis.
The design of the city context and the building goes to the third
level to show an unique interior organization of the unit spaces.
Figure (1) shows a typical residential unit plan in Gadames.

Figl an illustrative example of a typical housing unit in Gadames
,Source: ar.libyanembassy.de
This paper focuses on the first level which is the construction

materials and interior elements that shows a high respond to the
environmental, social, and economic conditions [9].

3.3 Materials and Building Method

The city urban design is a compact method where building units
are attached to each other for climatically and socially benefits.
This compact relatively dense city texture form a shield from the
desert heat and cold weather through the building units. It also
prevent hot sunrays from reaching the living spaces; rooms inside
the units and squares in the outside. The main building materials
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are local produced materials such as mud, clay, limestone,
gypsum, and palm tree wood. These materials are locally collected
on a cheap way and are characterized by their great isolation,
durability and strength. Here the sustainable design is reached by
using natural, local, rapid renewable, and energy efficient
materials. The materials used are collected locally from the
surrounding environment. Building materials in Ghadames are
mainly:
e Stones: are used to construct walls especially the lower
parts (up to 1.5 meters high).
e Mud bricks: are used to build the upper walls, stairs, and
basement walls by mixing it with hay.
e Gypsum: is used in domes, floors, and walls.
e Lime: is used in painting walls with white.
e Palm trunks: are used as ceiling panels and in wall
cabinets and doors
e Palm leaves: are used in floors, and doors and also are used
to prevent leakage of gypsum to the basement.

Fig2 General view of moldmg Mud brlck Source [10]
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Fig3 Using pélm trunks in ceiling, Source: [10].

3.4. The Interior Decorative Elements

3.4.1 Al-Kowat

They are small dugs in the walls for putting daily stuff and tools.
They have a square and semi-circular shape with a frame of
gypsum surrounding them for decoration [11].

3.4.2 Gypsum Works

They are for decoration. They are usually square frames and might
be a narrow cut opening. They are not produced direct on the wall,
they are produced individually and then get attached to the wall
[11].

3.4.3  Arch Decoration

Arches are framed on the sand by drawing the motifs on the sand
then the bumps appeared on the arch. The motifs are geometrical
shapes, calligraphy, and pieces of glass [11].

3.4.4 Wall Drawings
For drawings in the wall they used powder dyes. The colors are
brought from the northern coastal cities and mixed by a sticking
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material. The sticking material are manufactured from Arabic gum
and egg yolk. This mixture is called (Zind Jafoor). The colours are
mainly red, yellow and green. To paint the drawings, naturally
made brushes are used either from chicken feathers, horse’s hair,
and camel hair. The drawings are geometric shapes, mainly
intersecting inclined lines. The decorations are for interior walls
only. Women are the one who make the decorations while men
build the house. They place the drawings around "Kowat", gypsum
work, and cupboards. Some relate these drawings to pagan and
Byzantine art. The ring of Solomon is found in some decorations.
They use colours that convert their desert life and environment,
shown in Figure below [11].

3.4.5 Doors

The material used for the door are "San'norr wood™ or other local
wood from other trees like olive trees. The interior doors such as
for storages and cupboards are made from olive tree wood. They
have iron hinges. Outside doors are decorated by bright colour
plant motifs, shown in Figure 5[11].
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Fig5 Doors Source: [12].

3.5 DECORATED TOOLS AND CARPETS

3.5.1 Mirrors

Mirrors are used in small dark places. They reflect the light to
increase the light intensity in these places. They also gives
wideness sense to these places. They are placed either directly to
the wall or hanging from them [11].

3.5.2 Brass Plates

There are different types and usually reflect the luxury and
financial status by their quality and quantity. They varies in
dimensions and weight. A 20 cm depth ones might weight one
kilogram. A smaller one with 12 cm depth has a weight of 250
grams. They are only for decoration [11].

3.5.3 Copper Plates
Like the brass plates, they vary in size and weight [11].

3.5.4 Plates

Wooden plates made from palm tree thorns. They are usually
large. They are decorated with coloured shells and other materials,
shown in Figure 6. This method is not known any place in Libya
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except in Ghadames and so called Ghadames plates.

3.5.,5 Furnishing

Ghadames did not have good quality mats so they brought carpets
from near cities. Local carpets are usually rough and made in
"Bani Wazweet". People prefer imported carpeted from
"Kayrawan" or Iran. Pillows are made from imported cloth as well.
There are also round leather plants with colourful plant drawings.
In addition, there are long pillows decorated with square and
octagonal shapes which are brought from Sudan.

Fans are decorated with bright coloured wool. The house has
several stoneware used for holding water and fluids or for holding
fire or oil lamps. Moreover, tools and utilises are put in the "Al-
Tma'nht room" in the front of the house to show to the visitors the
hidden beauty of the house [11].

Fig6 Plates on the Wall Source: [12].

4. Conclusion

Through the research discussion of the application of sustainability
in interior design materials and the analysis of traditional Libyan
house in Ghadames, the paper found a set of indicators, which
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includes the application of the ideal usage of sustainable material
and resource in the Libya interior designs to provide a healthy
environment in the interior spaces. This is represented by building
materials that are locally produced and are collected in a cheap
way such as mud, clay, limestone, gypsum, and palm tree wood.
These materials are characterized by their great isolation,
durability, and strength. Here the sustainable design is reached by
using natural, local, rapid renewable, clean, and energy-efficient
materials.

Ghadames, which was and still is a historical witness of Libyan
heritage is the best example in terms of the optimal utilization of
sustainable local materials and resources in Libyan interior
architecture. Due to the use of decorating tools and carpets and
moreover the interior decorative elements such as al-kowat,
gypsum works, arch decoration, wall drawings, and doors. All of
them are produce by local, natural, and sustainable materials,
which gave them an architectural identity and style in interior
design in Libyan architecture.
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Multi-class Classification using Neural Networks
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Abstract:

This paper presents Multi-class pattern classification using neural
networks. Classification is the process of mapping a vector of
observed characteristics into a defined class. It can be separated
into two classes, which is binary classification andmultiple classes
which is Multi classification. In binary classification, only two
classes are involved while, in multiclass classification, there are
more than two defined classes. Most of real-world classification
problems has more than two classes, such as text document
classification, speech recognition, object recognition...etc. Dealing
with large number of classes can be problematic, even for small
number of classes some techniques may become prohibitive to use
in practice. We will discuss different approach to multi-class
classification, that reduces the problem to that of multiple binary
classification tasks, and then we will focuses on issues including
neural network architecture in classification. Neural Networks
considered one of the most successful approaches for multi-class
classification problems, where it maps the input feature vector to
the network output that contains more than two classes "K-class
pattern”. This algorithm is to train the hidden neurons separately to
classify all the different classes, where the numbers of neurons
determine the number of classes in the classification.

Keywords: neural network, artificial intelligence, Multi-class
pattern classification
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I. Introduction:

Multi-class pattern recognition is a criterion of constructing a
system which accurately maps the input feature space into the
output space of pattern classes or more. Multi-class classification
and recognition has a big range of applications especially in
handwritten digit recognition, classification of objects, tagging of
speech and recognition, categorization of text, bioinformatics as
well as information retrieval [3]. Despite of the two class
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classification being understood well, multi-class classification has
been investigated to a greater extent. Most of the pattern
classification systems were meant for two-class classification
systems whereas the theoretical and empirical studies have focused
majorly on learning binary functions such as the renowned support
vector machines (SVM), artificial neural network algorithms for
example perceptron as well as the error back-propagation (BP)
algorithm. For some of such algorithms, the extension to the multi-
class pattern classification problem from two-class is usually non-
trivial and generally results to weaker performances as well as
unexpected complexity[4] The most popular approach used in
neural network architecture classification decomposing the
problem into a multiple two-class classification performance.
There exist several approaches of decomposing K-class pattern
classification problem to a two-class problem. However, this type
of decomposition is not considered the best approach of solving
certain complex application problems. Therefore, this paper
presents a comprehensive study in multi-class neural network
classification that is focused on: approach for modeling multi-class
pattern classification systems, neural network architectures,
methods for encoding multi-class patterns as well as system
generalization. The two major system architectures are presented,
firstly; single neural network system and secondly system of
multiple neural networks. The paper further presents the three
approaches for modeling pattern classes namely one-against-one
(OAO), one-against-all (OAA) and the Probability against
Quantity (PAQ). Furthermore, the study will evaluate the learning
capabilities of several different neural network systems using
supervised learning theoretical analysis on the postulation also the
back propagation (BP) learning algorithm will be used in most
neural networks.
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The three sections below will discuss the various realizations of
the modeling schemes into different neural network architectures a
coordination of multiple neural networks joint with decision
modules and single K-class neural network that has multiple
output nodes.

I1. Neural network systems for multi-class pattern
classification:

The multi-class problem can be referred to as k-class; one of the
successful pattern classification mythology used in machine
learning is the multilayer feed forward with Back-Propagation
network [4]. A Kk-class pattern can be implemented ether with a
single network or a system of neural networks. In this paper a
multilayer neural network with one hidden layer will be used to
implement and study the different systems. Moreover, the data
used will be gray scaled images of handwritten digits provided by
NIST [6] . The k-class problem can be described as the flawing let
w denoted as an input feature space that has dimensional d and cl
denoted as the class label, where cl € {cl*,cl?, ..., cl; } such that
clp #cly forallh #jand k > 2

Moreover, the training set w,, is subset of w; the neural network
will be trained such that any input € w will output the class label
that associated with that input [1]. The training process for the feed
forward neural network with one hidden layer can be implemented
in the following steps:

Step 1: Initializing the weights.

Step 2: For each input x; compute the output of the hidden layer:

M
Netjh =in vij' (1)
Jj=1
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Step 3: Compute the output of the neural network:
L
Netj = Z Uik wjk (3)
k=1

y) = f(Nety) = -——ar. )
Step 4: Compute 6; for all output:

8 = (dj —y;)yi(1 - ). 5)

And by updating the output layer weights:
Awj =n(d; - y)wy(1-v;)-  (6)

Step 5: For each hidden layer:
Avy = N (1 — wy). (7)
Avi(t +1) = vi(t) + Avi. (8)

Step 6: repeat steps from 2 to 6 until the stooping condition
satisfied . The aim is to train the network to respond correctly to
any input € w [3].

I11. K-class pattern classification using a system of multiple
neural networks:

A K-class recognition predicament can be implemented in a
system where M > 1 neural networks. Such M neural networks
are independently trained with the aid of relevant subsets of the
particular training data set. The results of M neural networks are
usually integrated in order to generate the final system output [1].
The precise value of M and the preparation methodology is often
determined by the lean modeling scheme. Multiple neural network
systems are generally powerful since they are capable of

252 Copyright © ISTJ 4% ghae aaal) (368a
wu ?3""“ @3.\1\ M



International gt A

Science and Technology Journal Volume 21 2l Iorastiaal s s Tohasag Sl

A8y potell g2 ALl Aol 20054 1 QT /&

implementing all three modeling schemes OAA, OAO, as well as
PAQ.

K-class pattern recognition in a system modeled with
OAA:

OAA modeling scheme often use a system of M = K
dual/binary neural networks, NN;, wherei = 1,...,K and
each of the neural network is made of a single output node
0; and its output function fi is modulated according to y;
to an outputf; (x) =1 or 0 to signify whether the input
model x is of class i or NOT. Each neural network is then
qualified with the corresponding equal data set that
belongs to a different class label. To guide the i*" neural
network, the data that training tr is usually decomposed to
yield two sets wq,, wg—1, Where wy,-_; has all the class i
examples that are usually labeled as “1”, and w¢,_11S made
up of all the examples that belongs to all the other classes
labeled as “0” [2]. In such a case the system product
output is supposed to be "don’t know" And its decision
function looks at the product output of its activation
function at every single neural network. The class label
corresponding to the neural network is output and has the
biggest output value as a result of the activation utility
function at the product output node.

K-class pattern recognition in a system modeled with
OAO:

In this approach the K-class pattern transform

intok(k — 1)/2two-class problem. The number of the

neural networks will beM = “ =1 gych that NN,, (i, ) for
2

1<m<k,1<i where is
NN, (1,2), NN,(1,3), .. NNy_1(1,k — 1), ... NNy, (k —
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1, k)each neural network will be trained with two classes
data and the output is indicates whether the input is
belongs to class i orj .The decision in this model can be
obtained by voting scheme, where it counts the votes for
each class from the output of each neural network. The
input pattern x will be assigned to the class that has max-
votes.OAO method has the advantage that each pattern is
trained with k — 1 different network, which improves the
system generalization [1]. One of the problems of OAO
approach is when k is large the number of the neural
networks also will be large do to the k? factor. A
largeneural network cusses longer time in the training
process for the system. Moreover, in the voting scheme a
ties occurs so often; however there are several approaches
to break ties, such as choosing the higher prior-probability
[2].

K-class pattern recognition in a system modeled with
PAQ:

The (PAQ) method has M numbers of neuron networks,
where is M > 1 each network has a binary code output of
length M, which also referred to as codeword. The code
has P on bits "1" andQ off bits "0", whereis P + Q = M.
Moreover, each bit in the code-word is an output of two
class neural network trained based on the code-word
companion [1]. There are many different approaches to
choose the length of the code-word one approach is to set
M = log,(k) bits, where is k is the number of classes in
this case for network that has 8 classes the length of the
code-word will be three bits. This model of choosing the
length can represent more error because any error of the
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output of each network will cause an error for overall
system. Therefore, PAQ network with M > k can provide
more redundancy in the code-word, which makes the
system less sensitive to noise [2]. by increasing the
minimum Hamming distance between the code-word. The
PAQ neural networks can be implemented in different
schemes such as error-correcting output code (ECOC) and
one-against-higher- order modeling (OAHO).
IV.K-class pattern classification using a single neural network:
A K-class pattern classification predicament is commonly
implemented in a one neural network that contains architecture of
d input nodes as well as M output nodes:

Figure (1): Hllustration of classification boundaries.

In illustration of classification boundaries to the left, an example of
five decision boundaries generated by different binary neural
networks classifiers, while to the right gives an optimal decision
boundary generated by single neural network fig(1).where d
represents the input feature vector dimension and M is the output
nodes number in the neural network system [2]. The output nodes
number M > 1 is obtained by the bits number in codewords that
represent the k classes. Nonetheless, there is a possibility of
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modeling the K-class from a neural network of a single output that
iIs modulated to generate k different values where each value
presents a class of its own. However, this generalization is often
not regarded as good and hence it is not very popular in day to day
practices. In this paper we just scrutinize the neural network
architectures that contain M > 1 outputs only. Such modeling
approaches as OAA and PAQ are usually appropriate to majorly
single neural network implementation, but not with OAO.

A single neural network modeled with OAA:

The single neural network with OAA method has an
output of M = k. This technique consist of learning k
binary classifier, where is the output represented by binary
code of M length. The output "1" indicates which of the
classes the input pattern belongs. usually such network has
higher degree of complexity, because it only use one
network[1] one of the advantages of using single neural
network is the optimal decision bounder that can be
generated comparing with the bounders that generated
with mutable neural network systems[2]. Moreover, the
training process takes only one set of training data, which
makes the training process easier to manage. However,
because of the high complexity of the neural network the
training process take longer time than multiple neural
network system.

The Different neural network architectures for implementing K-
class pattern classification are shown in figures (2,3,4) espectively
where figure (2) shows a single neuralnetwork for K-class pattern
classification., figure (3) represents M binary neural networks
used to classify K object classes. and finally figure (4) illustrates
the system of multiple neural networks for multi-class pattern
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classification [1].

bias

Xdg

Inputs Hidden Outputs

Fig(2): a single neural network for K-class pattern classification.

— Classification
Decision result

Function |—»

5

Zym

Fig(3): M binary neural networks used to classify K object classes.
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Classification Result
—

Fig(4): a system of multiple neural networks for multi-class pattern

classification.

A single neural network modeled with PAQ:

The PAQ system can also be used in a single neural
network that contains M output nodes, where M > k. Its
output equations and the functions at its output nodes
fi, -+, fm, jOintly represent individual code-words assigned
to specific pattern classes. For instance, for a 15-bit ECOC
systematic scheme that contains 10-class handwritten
numeral recognition, singular neural network containing
15 output nodes is hence constructed to execute the ECOC
modeling scheme. However, this will involve a lot of
training time because it contains more output nodes [1].
General single neural networks systems that are modeled
using PAQ are generally not recommended in the case of
number of pattern classes is huge and/or training data are
more than the given threshold.

V. System analysis:
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For system of neural network each network will be trained
independently, which lead to every neural will have separate
boundary as shown in left side of Figure(1); since all the network
are independent this implies that each neuron can have different
architecture such as the number of hidden nodes an d the number
of the hidden layers[1] . However, the bounders generated by this
type of network can have uncover or overlapping problem. For the
single neural network because we only have one network the
system can be trained to minimize the overlapping and it will not
have uncovered spaces we can archive boundaries and it is shown
in the right side of Figure(1). Another important factor is the
computational complexity in training the neural network, which
can be determent by number of the neural network in the system,
the dimension of the feature input d, the number of hidden nodes
H, the number of the outputs O, the number of training data N, and
the number of epochs for the system to converge[1]. Table(1)
shows the number of multiplication required for the different
network architecture. Moreover, Table(2) shows the system
performances for different neural network architecture trained with
NIST data for digits recognition:

Table(1): the number of multiplication required for the different
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network architecture

Neural network system

Number of multiplications required in training per

epoch

A single neural network

modeled using OAA

Comnt =[3+d~H'"™" + 4K (Hy;" +1)
+ 3« HG5 |+ N

A system of K neural
networks

modeled using OAA

Cé;rjets = [3 s d * Hl—nets + 7« H})Zﬁ"’ts + 4] * K
* N

A system of multiple
neural
networks modeled using

OAO

Coao = [3+d+HOAO + 7 «Hpyp + 4] x (K
—1)*N

PAQ: binary coding

Single neural network

Ciimet = [3+d+Hppnet +4 +log, K

binary — binary

« (Hpah™t + 1) + 3« Hogi | = N

PAQ: binary coding
Multiple neural

networks

multi—nets __ multi—-nets
Cbinary - [3 *d * Hbinury +7

« Hoptionet 4 4] « log, = K = N

Total

998

Table (2):the system

performances for different neural network

architecture trained with NIST data for digits recognition:

OAA 10 Nets | OAO 45 Nets OAA 1 Net
Accuracy (%) 96.4 91.62 97.54
Training Time (hours) 6.5 4.2 0.15
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V1. Results and Discussion:

The architectures of distinct neural networks are changeable and
the respective neural networks can be retrained without disturbing
the other neural networks that are in the same system.
Furthermore, a neural network system that is modeled using either
OAO can have the capacity of incremental class erudition. Often,
the new neural networks that are trained using new class data can
be supplemented to the neural network system that is in existence
without distressing the other neural networks within the system. A
major disadvantage that is commonly associated with the
architecture of multiple neural networks is the fact that individual
neural networks are only trained on confined knowledge that is
referred to as the knowledge of relevant model classes. This
generally results in ambiguity and exposed feature space regions of
the scheme. A sole neural network for K-class classification
presents a neural learning progression of each K-class data which
can consequence in theory, an optimal categorization if the feature
space has been defined well. Since the numerals of binary neural
networks contained in OAO scheme enhances in a quadratic pace
with K, and an instance where K is huge, the training period for an
OAO scheme will be very high as a result of the augmented
overhead time necessary to train such big number of neural
networks within a system [2].

VI1. Conclusion:

This paper has presented an in-depth analysis on Architectural K-
class pattern classification by using neural networks. Particularly,
the paper has conferred two distinct architectures. schemes of
multiple neural networks as well as single neural network systems:
and three categories of modeling looms namely; OAA« OAO, and
also PAQ. Further, the paper have demonstrated the theoretical
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analysis that such distinct system implementations have and their
own vigor over several application problems alongside the paths of
system generalization within the feature space, incremental set
learning, learning from uneven data, huge number of model classes
as well as tiny and hefty training data. The paper has also
presented preoperational time complexity analysis for all the
analyzed systems and the relative performance analysis that is
based on the well-known standard data sets of the system.
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