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Hazard Identification and Risk Assessment for a
Refrigerated Propane Storage Tank- Part A

Abdunaser S. Aljabri

Department of Chemical Engineering, Higher Institute of Science and
Technology, Al-Garraboli, Libya.
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ABSTRACT:

The purpose of this paper is to apply risk assessment techniques on a
propane refrigerated storage tank which represents a part of LNG
recovery plant at Gdansk, Poland with the aim to contribute in making
the operating processes as safe as possible. The paper starts with a
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general description of the process and considers some important past
incidents that are similar and related to some extent to our process, and
then conducts the analysis which is focused on a series of techniques that
reveal the importance of safety and safety analysis.

These methods were grouped according to the issues that they are
investigating. For example, Hazard and Operability Studies (HAZOP) is
the basic applied hazard identification technique in addition to Risk
Ranking/Matrix and Human Errors whereas Fault Tree Analysis (FTA)
and Event Tree are central techniques for a frequency analysis. Other
methods such as Vapour Cloud Explosion (VCE) and Jet fire are chosen
to illustrate the consequences and extend of impacts due to an undesired
event. The study basically highlights the need for risk assessment in
chemical process industries. However, since it is impractical to cover all
these techniques at once, it has been decided to group them into two
parts. In this part A, the hazard identification techniques are discussed
whereas part B will be devoted for covering frequency and consequence
analysis techniques.

Keywords: Hazard Identification; Hazard and Operability Studies; Risk

Ranking/Matrix; Human Errors.

1. INTRODUCTION

The history of chemical process industries has reported several major
incidents that ended up with major hazards. These major hazards came
mainly to include fire, explosion and toxic release. Although fire is
found to be the most common type among the others, explosion is
particularly significant in terms of fatalities and loss. Toxic release,
however, has perhaps the greatest severity as it can kill a large number of
people and lead to long-term toxic impact on the area. The tragedy
scenario at Bhopal, India 1984 works as a achieve example for such a
release. The avoiding of such disasters, therefore, is basically dependent
on avoiding loss of containment [1].

The causes of such loss of containment, however, can be direct as in
rupture in lines, vessels or valves left open, or indirect as in a release due
to runaway reaction caused by a release through piping and vessel
rupture or pressure relief devices. All these issues put safety and its
importance into great account. Generally, most industries consider
workers safety while operating on-site, nevertheless a good management
policy should also take off-site safety and general public into account[2].

5 Copyright © GIT Tl o £ A 4B s ol 3 im
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Therefore, lessons from past incidents can be of great assistance in
identifying major factors leading to accidents. A survey of these disasters
showed that 1744 significant incidents were occurred during the period
1928-1997, with 441 accident (5%) involved fires and explosions, and
1247 (71%) involved toxic release. Most of these accidents dealt with
LPG and LNG operations. Propane, in particular, have found to be the
chemical product in around 12 accidents resulting in many deaths and
injured. Table (1) illustrates the locations and the details of propane
accidents occurred worldwide [3].

Table (1): List of major propane accidents.

Death/

Location Chemical Event

injured

1962 Ras Taruna, Suadi Arabia Propane Fire 1/11
1966 Feyzin, Farnce Propane Fire & Explosion 18/83
1972 Lynchburg, VA Propane Fire 2/3
1973 Kingman, AZ Propane Fire 13/89
1973 St. Amand. L’Eaux, France Propane Explosion 5/45
1974 Decatur, IL Propane Explosion 7/152
1975 Eagle. Pass, TX Propane Fire 16/7
1978 Waverly, TN Propane Explosion 12/21
1984 Roeoville, 1L Propane Explosion 15/76
1985 Mont Bolyiey, TX Propane Fire 4/13
1988 Narco, LA Propane Explosion 7/48
1990 Porto de Leixoes, Portugal Propane Fire & Explosion 14/76

Based on reported data in the literature of process industry, operations
which involve storing hydrocarbons in refrigerated storage tanks are less
potential for fire or explosion. Most of the past incidents, on the other
hand, were associated with materials stored within pressurized storage
tanks. Accordingly, it could be argued that refrigerated tanks are more
practicable since they are capable to store large quantities of
hydrocarbons at low temperature and atmospheric pressure.

This conclusion, however, draw the reader to state that the proposed
storage tank is “inherently safer”, but hence does not mean that hazards
are unlikely to arise from such tanks. The reported incidents for major
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leak fro a 20,000 m® liquefied propane tank in Qatar in 1977 is an
achieve example of incidents involved refrigerated storage tanks. The
consequences of the leakage, as reported, were seven deaths and
extensive damage to the rest of the plant due to the fire and explosion
that were raised after the leak has been ignited. It was also reported that
the propane leak has occurred twice at the same tank but in the earlier
year it did not ignite.

The learnt lesson from Qatar incident is that instead of having a
company policy which mainly focuses on how to prevent cracks; a rather
sufficient policy can be reached by relying on the crack-arresting
properties of the tank material. Hence, it has been recommended that
refrigerated LPG tanks should be constructed from materials, such 9%
nickel steel, which do not allow for crack propagation. Moreover, the
force which allowed liquefied propane to escape from the crack led to its
spillage over the dike wall. One of the limitations of conventional dike
walls is that large amount of material can be exposed to the atmosphere
once leakage occurs. Due to these limitations, the modern adopted
practice is to support the cryogenic storage tanks with a circular concrete
wall jacket built about 1m away from the main wall. These walls,
however, should be designed to be constructed from materials that can
withstand any sudden release. Such findings, in turn, would give
plausible justifications for the selection of double containment as the
proposed storage tank of this study [4].

2. SYSTEM DESCRIPTION

The current storage system that is in investigation represents a part of
an LNG natural gas recovery plant located in Gdansk, Poland. In this
plant hydrocarbons; methane, ethane, propane, butane and gasoline are
recovered separately by introducing these materials through three main
stages where certain treatment producers are applied to them in each
stage. A simple block diagram illustrates these sections is given in Figure

(D [5].
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Acid Gases (HzS & CO;)

GAS PREPARATION REMOVAL OF Methane Gas
Feed Stream ———————————>| SECTION METHANE SECTION > (Sales Gas)

Water
REMOVAL OF OTHER [ > Ethane

HYDROCARBONS [~ Propane
(FRACTIONATION) | Butane
Natural
Gasoline

SECTION L

Fig.1. The three main stages for LNG fractionation

Propane refrigerated .
storage tank To shipping
Clam >

Fig. 2. Fractionation flow process diagram applied at LNG Recovery
Plant.
The propane is stored within double containment tanks which are

designed and constructed so that both the inner and outer tanks are
capable to independently contain the stored refrigerated liquid. Such type
of tanks store the refrigerated liquid in the inner tank under normal
operation conditions, whereas the outer tank is designed to contain the
refrigerated propane that may leak from the inner tank. But the outer tank
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is not capable to contain any vapour resulting from propane leakage from
the inner tank.

Furthermore and based on the flow rate of liquid propane from the
chiller (1000 mole/s), the tank needs around two days to be fully filled,
and accordingly the shipping comes every two days to unload the tank
where another spare tank is also provided [7].

3. STORAGE HAZARDS

Prior to start the safety analysis, it would be beneficial to have a
glance over the potential storage hazards in the chemical industries. That
is to say determining the kind of hazards associating with storage tanks is
mainly depending on the nature of the stored materials as well as the type
of the storage. A vessel or a tank can experience failures of different
degrees extending from overpressure and underpressure failures to
catastrophes due to mechanical or metallurgical defects. Filling storage
tanks too rapidly can also cause overpressure conditions whereas
underpressure conditions are potential when tanks are emptied too

rapidly [8].

However, a release is another credible hazardous scenario associated
with storage tanks that has the potential to cause fatalities. Such a
problem may occur as a result of failures in equipment, pipework and/or
fittings. In terms of equipment, pumps are seemed as a type of equipment
with a great tendency to leak. On the other hand, a release from pipework
can be a consequence of crack pipehole, a full bore rupture, or a failure
or a leak at a flange, valve or gasket.

Release may also occur due to major incidents such as explosions
which are potential at different scenarios as in the case where a tank that
may burst due to being exposed to overpressure that cannot withstand.
Nevertheless, explosion may also happen due to the ignition of
flammable mixture or evolution of gas due to the reaction of different
components such as impurity and material of construction. The other
cause of release that should be considered is having a runaway reaction
with the vessel or the tank. Additionally, fire is another important factor
that should be considered as one of the factors leading to tank failures.
This might involve a jet fire or a fire beneath the tank [9].

9 Copyright © GIT Tl o £ A 4B s ol 3 im
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Although overfilling is another operational activity during which a
release can occur, draining, sampling operations and maintenance
practices are other operational activities which are regarded as potential
causes of release. Moreover, loss of containment from storage can
happen due to impact events such as the impact from a carried item, a
dropped load, or a vehicle. However, natural events such as high winds,
flooding, rainstorms and earthquakes may also lead to loss of
containment whilst lighting may be a source of fire. In what follows,
there will be a discussion of the importance of the applied methods in
this study.

4. JUSTIFICATION FOR THE APPLIED TECHNIQUES

Hazard and Operability Studies (HAZOP) was chosen to be the
primary used method for hazard identification through which a list
of problems were identified and accompanied with suggestions for
system improvement. And because of this important role, it was
thought necessary to start our analysis with this technique which
has the privilege of flexibility and allows freedom for creativity.
Another valuable advantage of using HAZOP method is that its
results can form the input to a probabilistic safety assessment, as
the input to develop operating procedures, and as the basis for
design change. Also, conducting a HAZOP study improves the
safety quality by making people more aware of potential hazards
and by keeping up-to-date instructions [10].

Besides, despite the similarities between HAZOP, FMEA and
What-if techniques, HAZOP is preferred as it involves a vessel by
vessel and pipe by pipe review of the plant. In this study, HAZOP
is used to identify a major flammable release of propane from the
tank as the most serious hazard. This release, in turn, represents the
top event that will be developed in Fault Tree Analysis (FTA) in
Part B of this study.

Moreover, Risk Matrix is adopted after HAZOP as a means to
rank the potential hazards according to their severity. Based on
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Risk Matrix results, proper and reliable mitigation measures have
to be considered for events with high severity and likelihood.

However, since undesired hazardous events are still potential
even when equipment and control systems are working properly,
human errors is thought to be another important hazard
identification technique which may lead to undesired events and
hence will be covered here [11].

5. HAZOP TECHNIQUE

One of the advantages of HAZOP technique is that it considers all
possible ways through which hazards and operating problems may occur.
The conduction of HAZOP study on the process was based on the
proposed flow diagram for a refrigerated storage tank which is shown in
Figure 3 below.

From propane
reheater
—<——

To tank refrigerated
L2 packaces

A From tank
refrigeration packaces

3 L4
Xv2 <
>—I><
va PV1
L3
< =L

v3 cvz

Propane Refrigerated Storage ~
Tank ou

-35C, 1 atm L7 < Nitrogen
' e Ea e S— |
From Propane L1 Ve vz
Chiller = To Shipping
. < TK1 )

To dry drain header
——

Fig. 3. Simple propane refrigerated storage tank

The modification has involved the installation of additional
instrument as follows:

A.Line 1 (L1)

1. Local pressure gauge

2. Install isolation valves and bypass at CV1
3. Provide integrating flow meter

11 Copyright © GJT Al e s Ada gdae wolall (5 g8a
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4. Install high high level alarm linked to CV1.
Install nonreturn valve
Install propane reheated line (L4) with pressure controller and
ressure low low linked to pressure valve.
. Propane storage tank (TK1)
Pressure indicator with high/low alarm linked to control room.
Local pressure gauge.
Level indicator with high/low alarm linked to control room.
Temperature indicator with high/low alarm linked to control room.
Local temperature gauge.
Vacuum relief valve.
Electrical heat at the base of TK1.
Pressure relief valve.
Outer tank or wall.
.Line 2 (L2)
Pressure controller with high/low.
Pressure valve.
Isolation valves and bypass at PV2.
. Line two (L3)
Isolation valves and bypass at CV2.
High level control linked to CV2.
Nonreturn valve.
. Line 4 (L4)
Isolation valves and bypass at PV1.
Install pressure controller (PC1) and low low pressure (PLL) linked to
PVL1.
Line 5 (L5)
Sampling point.
. Line 7 (L7)
Pressure controller linked to pressure valve.

AN

NemMP DD 2O 000k wd =0

— @ - m

2. Nonreturn valve.

Reasons for the modifications

» Having integrating flow meter installed on the liquid line (FQ).
The installation of the integrated flow meter on liquid propane
feeding line (L1) should be done in a systematic way; it should
not be installed prior to installing CV1. This is because in the

12 Copyright © GJT Al e s Ada gdae wolall (5 g8a
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event of having closed control valve, different reading will be
recorded on the meter. Therefore, in the scenario of having FQ
deviation such as low/no flow, it will be possible to detect the
leakage source, equipment failure, and blockage and/or pipe
rupture. It is also a good practice to ensure regular checking of
FQ readings by the operator and this is normally stated within the
operating procedure of the company.

= Installing remote pressure indicator to the TK1.

The installed pressure indicator should be linked to the control
room to ensure it will be monitored by the operator and will not
exceed the allowed range. But it is also required to install high
and low pressure alarms beside the pressure gauge to ensure any
undesired conditions will be observed in the event of operator's
incautiousness.

= Installing remote temperature indicator to TK1.

The installation of this equipment will enable the operator to
monitor the inlet temperature of liquid propane and detect any
deviations that are about to occur. For example, the temperature
for liquid propane should be kept at -35C°. Therefore any increase
or decrease in the temperature may cause problem.

= Installing local pressure indicator in TK1 and L1.

The point behind having local pressure indicator is to observe
how exactly the operation is running in the storage tank. It makes
it possible for the operator to monitor the pressure inside L1 and
TK1, and takes the appropriate actions once changes in the
pressure are detected. Regular checking of the pressure should be
clearly stated in the safe operating procedures.

= Installing local temperature indicator.

Local temperature indicator is the means by which the operator
ensures that the temperature of the tank shows compliance with
the planned operation modes. There will be a record for any
deviation to ensure it will not obstruct the system.

= [solation valve and bypass at each valve (CVs) or (PVs).

The point of having isolation valve is more to do with the
scenario of control valves and/or pressure valves failures and
where maintenance work is required. Bypass should be provided
at each valve to be used once failures occurred.

13 Copyright © GJT Al e s Ada gdae wolall (5 g8a
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= Sampling connection.

Checking the quality of the stored liquid propane cannot be
done without having analyzer and sample connection fitted on the
tanks. Sample connection should be installed on line 6 (L6) to
detect any potential problems such as leakage that may occur
during operation and detect any damage inside the tank.

= Install pressure controller and pressure low on propane reheated
line.

The aim beyond having this action is to ensure control of the
storage pressure and temperature once they dropped more than
the required level. In the event of having low operation
conditions due to the chiller impact, the pressure controller, as it
is designed to work as low low pressure, will send a signal to
open pressure valve and allow propane reheated to escape with
liquid propane feed.

= VVacuum relief valve.

It means of a final vacuum protection. But if the pressure of the
tank dropped further, nitrogen and reheated propane are injected
into the tank.

= Relief valve.

A BOG compressor re-liquefying the BOG from the tank is
mostly used during normal operations to ensure the pressure of
the tank does not exceed the desired range. But in the event of
tank unloading, it is possible to record an increase in the pressure
where the pressure relief valve is opened to the atmosphere as a
final protection method.

= Electrical heat at the base of TK1.

This heat is installed to avoid ice formation in the earth
especially that the temperature of the liquid propane is low.

= Quter tank or wall.

It is important to ensure that any leakage of the liquid will not
accumulate under the tanks. Hence, outer tank or wall is fitted to
contain the refrigerated liquid product leakage from inner tank.
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N To flare header

4,1 <t
Samping 6 To dry drain header

Fig. 4. Modified propane refrigerated storage tank

As a result of HAZOP, several modifications were proposed to
the storage tank diagram in order to make it safer. A modified
diagram is given in Figure (4).

6. Risk Ranking/Matrix

Risk matrix is another hazard identification method which
reflects the importance of risk management strategies during conducting
risk assessment for any particular company. It works by rating the levels
of risk of all potential events. Risk value is determined by estimating of
the potential severity of hazardous event and the likelihood that it will
occur. Risk value is formulated as:

R=P*S

Where:

P= Likelihood of occurrence

S= Potential severity of harm
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Table (2): Categories for Likelihood

Frequent

Probable

Remote

N W B~ WD

Not likely

> W O O m

Improbable

Table (3): Categories for Severity

Severe V

Very serious v

Serious Il

N W B~ W

Moderate 1

Minor | 1

Table (4): Risk Rating Criteria

Category of Risk Evaluation of tolerability

Low ( Level 3,4) Risks that should be reduced so
that they are tolerable or
acceptable ( unwanted)

Medium (Level Risks that should be reduced so
6,8,9,10) that they are tolerable or
acceptable ( unwanted)

High (Level 12,16) unacceptable

Applying the risk rating for Leak from L1, CV1
R=P*S
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R=4*4 =16

(The risk level is unacceptable).

Risk matrix was applied for the propane refrigerated storage

tank in this process and the technique was conducted following the

way stated in [12] and this can be seen bellow.
Table (5): Risk Ranking Calculation

Cause Likelihood | Severity | Risk | Number | Severity
1 Equipment failure
Cc | Low 3 |
before L1
2 L1 blockage/ rupture C v High 12 v
3 CV1 fails shut D 1 Medium 8 1
4 | Operator incorrectly .
C 1 Medium 6 1
closed CV1
5 CV1 fully open D v High 16 v
6 Excess flow of propane .
C v High 12 v
from chiller
7 | CV1 partially open D | Low 4 |
8 Leak from L1, CV1 D \Y High 16 v
9 | Partial blockage in L1 C 1 Medium 6 1
10 | Sameas5
11 | External fire B \% Medium 10 \%
12 | Sameas8
13 | Sameas 11
14 | More temperature from .
C 11 Medium 9 1
supply
15 | Ingress of impurities
into L1 such as butane B 11 Medium 6 1l
or pentane
16 | Solids in line 1such as
(wax, sand scale, salt B 1l Low 4 1
and hydrate)
17 | Rupture due to
lightning, earthquake or C \Y High 12 v
impact of aircraft).
18 | Sameas1
19 | Sameas?2
20 | Sameas3
17 Copyright © GJT Al e s Ada gdae wolall (5 g8a
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21 | Sameas4
22 | Sameas5
23 | Storage tank leakage or .
. C v High 12 v
partially blockage
24 | TK1 not filled properly-
Propery c | Low 3
Human error
25 | Drain header valve (V6) .
. C 1 Medium 6 1
fails open.
26 | Operator leaves V6 .
C 1 Medium 6 1
open
27 | Sameas8
28 | Increase level in the
storage tank and V2 not B 11 Medium 6 1l
opening
29 | CV2 fails shut D 1 Medium 8 1
30 | L2 blockage or V2 fails .
C 1 Medium 9 1l
to open
31 | Sameas5
32 | Sameas1l
33 | Low pressure from .
. C 11 Medium 9 1l
chiller
34 | Less temperature from .
. C 11 Medium 9 1l
chiller
35 | Lesstemperature at .
C 11 Medium 9 1l
TK1 bottom
36 | Sameas 15
37 | Nitrogen valve (V6)
leaks to liquid propane C 1 Medium 6 1l
inside TK1
38 | Poor construction .
. . C v High 12 v
material selection
39 | Loss of electrical power C I Medium 6 1
40 | Loss of air C 1 Medium 6 1

The table illustrates the variation in scoring amongst different
incidents. The most hazardous events are those which recorded the
highest scores in the index. Although the incidents no 2, 5, 6, 8, 10, 12,
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17,19, 22, 23, 27, 31 and 38 have the highest scores, incidents no 11, 13
and 32 will have the highest consequences.

However, despite having "severe" consequences for the incidents no
11, 13 and 32, they represent low risk since they are unlikely to occur.
The scores have been plotted on the risk matrix diagram as follows:

Plotting the incidents on risk matrix diagram enabled us to speculate
that five incidents (1, 7, 16, 18 and 24) are in the acceptable region (the
green part). Apart from these particular incidents, all the other incidents
are subject to analysis to draw those in acceptable region or as low as
reasonably possible (ALARP) region. So after conducting risk matrix,
one can say that some of the operations associated with propane storage
tank are severe and potential to cause serious fatalities. Therefore, it is
worthy applying safety analysis to this part of the process to avoid any
undesired scenarios.

Broadly acceptable region. Need to maintain assurance that
the risk remains in the region.

Tolerable only if risk reductions are impracticable or cost is
disproportionate to improvement gained

Unacceptable region. Risk cannot be justified except in
extraordinary circumstances.

v Severe

Vvery
n serious

ni Serious

1] Moderate

1 Minor

Improbable| Not likely Remote Probable Frequent

A B C D E

Fig. 5. The risk matrix diagram of the propane storage tank.

In addition to equipment failure, operator’s incautiousness or failure
may lead to undesired events.

1. HUMAN ERROR

Most of the literature on human error has cited it as a main cause and
contributing factor in the past incidents. Three Mile Island, Bhopal,
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Flixborough and Chernobyl are examples of such incidents that occurred
due to latent errors. Bhopal tragedy, in particular, involved multiple
errors and human act of neglect, misunderstanding and omission as work
supervisor observed a leak in one of the storage tanks but mistakenly
they assumed it water leak and accordingly the required action was
delayed which led to some problematic events.

Also, improper cleaning of water from the tank led to an exothermic
reaction. Therefore, human awareness and knowledge is critical issue
that should be considered to ensure safe operating systems.

However, determining the causes and contributing factors in human
errors is something of equal importance [13]. A table shows the
contribution of human performance problems is provided below:

Table (6): Breakdown of human performance problem

Human performance problems

43% Deficient procedures or documentation
18% Lake of knowledge or training

16% Failure to follow procedure

10% Deficient planning or scheduling

6% Miscommunication

3% Deficient supervision

2% Policy problems

2% Other

In regards to our process (storage tank), overfilling of the tank is one
of the most frequent consequences of operator error that may lead to fire
or explosion. Overfilling may occur in scenarios when the operator
forgets to close the manual valve after the liquid reached the required
level or in the event of level measurement failure. Other mistakes
associated with storage operation would have been forgetting to empty
the spare holding tank and/or having inoperative refrigeration system
(e.g. kept shutdown to save costs). A systematic illustration of the main
and sub-tasks involved in filling the storage tank with propane is
provided in what follows.
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Precondition

1. Preparation for the task.
2. Safety clothing (available
all safety equipment.

3. Power supply

4. Nitrogen supply

(0}

Task A

Filling propane refrigerated
storage tank

Plan 0: Do 1-3 in order

Task preparation

Sub-task B

2

Start transferring process
of propane

Task preparation

3

Stop transferring propane
to storage tanks

Plan 1
Do: 1.1-1.3in order

11

Check documents and
drawing

12

Conduct pre-job safety
meeting

13

Check and inspect work
location and equipments
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Sub-task C

1.2

Conduct pre-job safety

meeting

Plan 1.2
Do:1.2.1-1.23in
order

1.2.1

1.2.2

Assess job risks

Discuss job mitigation

Sub-task D

13

123

Review transfer procedure

Check and inspect work
location and equipments

Plan 1.3
Do: 1.3.1-1.3.7 in order

131

133

185

137

Check all storage tanks to
ensure that they are empty

Inspect any signs of leakage

or damage by checking tanks,

valves & pipes

Ensure tanks & pipelines are
properly grounded to avoid
static discharge

Ensure good emergency
planning procedures

132

134

1.3.6

Check all valves & drain
systems are closed

Ensure work sufficiency of all
instrumentation

Ensure checklists & operating
procedure are in place
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Plan 2
Do:2.1-27
2 in order
Sub-task E —=
Start transferring propane to -7 -
storage tank _-"
2.1 2.3 25 L 127
Ensure the all crew wear Ensure the valve on the Open the manual valve on the Monitoring pressure & tem-
full PPE & check the vapour line above storage inlet pipeline for storage tank 1 premature of the liquid
availability of emergency kit tank is open during filling process
22 24 2.6
Identify the proper storage Ensure the refrigeration Monitoring the level inside
tank to be filled unit is working properly the storage tank
Plan 3
3 Do: 3.1 — 3.2 in order
Sub-task F _ =
Stop propane discharge _-

Start slowly closing the Repeat the previous steps
inlet valve of the tankl Open the inlet valve for the until all the storage tanks
when the required level is next storage tank are filled

almost to reach

Fig. 6. Tasks involved in filling the propane storage tank.
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8. CONCLUSION

This paper has provided some standards to analyze the risk
assessment of a propane storage tank. The analysis has covered a
selection of hazard identification and risk assessment techniques that are
thought to be suitable and reliable for studying this part of the plant. As
it has been explained from the qualitative risk assessment, it results that
the risk of a major accidents (1,3,4,7,9,16,18,20,21,24,25,26,29,37,39
and 40) are acceptable , being necessary a periodical monitoring and a
strict operational system. The biggest risk of a major accident belongs to
incidents (2,5,6,8,10,12,17,19,22,23,27,31 and 38).Incidents (15,28 and
36) has a reduced risk because of the probability of occurrence, but the
consequences can be significant and these scenarios can not be ignored.
Incidents (11, 13 and 32) also include medium risks, but the
consequences of such accidents can be severe if they are not managed
immediately by the operating personnel.

Both of working equipments and operators should work in
combination to ensure smooth working processes and hence to avoid any
undesired problem or incident. Over all, great concerns should be given
to the critical hazardous events associated with propane storage tanks,
and their possibility to cause fatalities.
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Abstract:

This paper describes method for detecting the early signs of fatigue in
person. As soon as the person is falling in symptoms of fatigue
immediate message will is transfer to the supervisor in any place due to
any sever medical problems. The fatigue system is detected based on
eyelid blinking. The mechanism is based on detects face, eyes and tracks
the eyes for the person. Based on eyelid blinking, along with templates
that monitor how long the eyes are open or closed. Tests of the approach
were run on many persons to find its potential and its limitations. The
system is very efficient to detect the fatigue. The results confirm that our
method is able to measure human fatigue and show the validity of the
proposed approach. Moreover; it can be used for vehicles driver and
medical area.

Keywords: Fatigue, Human’s drowsiness, Driver fatigue.

Introduction

The word fatigue is used in everyday living to describe a range of
afflictions, varying from a general state of lethargy to a specific work-
induced burning sensation within one's muscles. Fatigue is a
phenomenon that influences a person’s ability to perform a task on
various levels. Fatigue defined as a state in which performance
capabilities are temporarily impaired by continual activity demands
which exceed the ongoing capacity to restore performance capabilities.
[1] Fatigue can be defined as the feeling of tiredness, exhaustion or lack
of energy to perform tasks in an efficient manner. This can further be
categorized as physical or mental fatigue. Although physical fatigue can
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be addressed by refraining from performing the strenuous activity, the
onset of mental fatigue is hard to detect. Table 1 lists the different types
of fatigue detection methods that can help in these situations. [2]

Table 1: Classification of fatigue detection methods.

S.NO Method type Measured Applicability
quantity
1 Visual detection | Eye closure and | Driving or other
using camera head motion operations that requires
worker to be seated in
constant position such as
in cranes , etc.
2 Heart rate based | ECG Generic
methods
3 Muscle activity | EMG,EOG Worker performing
based methods physically intensive tasks
4 Brain wave based | EEG Generic
method
5 Psychomotor Movement of | Driving can be adopted
monitoring based | hand or limbs | to other operations were
methods while motion parameters can
performing be monitored
tasks such as
driving

When a worker is tired or deprived of sleep, there is natural
tendency for the eyes to close. This can be analyzed using a
camera. Active illumination imaging system is used to measure
the eye closure in day light and dark conditions. The face region is
analyzed to detect closure of eyes to estimate PERCLOS measure
which gives an indication of fatigue. The cost of fatigue is of
increasing concern to organizations across the globe as fatigue-
related accidents and losses are extremely high. [3]

When a person’s alertness is affected by fatigue, his or her
performance on the job can be significantly impaired. Impairment
will occur in every aspect of human performance (physically,
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emotionally, and mentally) such as in decision-making, response
time, judgments, and countless other skills. The threat to safe
aviation operations arises from the impairment to alertness and
degradation of performance. [4]

This paper presents a system that measures the fatigue in human
based on eyelid blinking. The system works with inexpensive USB
cameras and runs at a frame rate of 30 frames per second. To prove
this system’s features, usability evaluation have been done through
a laboratory experiment design. The experimental results have
demonstrated feasibility of the concept and system. Therefore, this
research will be a solution to address some human’s fatigue
problems such as vehicles accident and heavy transportation driver
such as pilot.

The paper is organized as follows: section Il is about the
related work which summarizes previous researches on the fatigue
techniques. Moreover section Il provides more information about
proposed system concept design and implementation. Section IV
about evaluation where section V describes results and discussion.
Section VI presents the conclusions.

Related work

The word fatigue is used in everyday living to describe a range of
afflictions, varying from a general state of lethargy to a specific work-
induced burning sensation within one's muscles [2].

Several of fatigue detection and monitoring system have been proposed,
each has its own features.

This section analyses previous work on face and eye detection, eye
tracking and eye state classification area.

Possible techniques for detecting fatigue in person can be broadly
divided into four major categories:

* Methods based on human's current state, relating to the eye and eyelid
movements [5].

» Methods based on human performance and human behavior [6].
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« Methods based on physiological signals [7].

* Methods based on combination of the multiple parameters [8].

There has been lots of literature on detection of fatigue effects and the
person's current state specifically focused on changes and movements in
the eye. Generally, eyes detection consists of two steps: Locating face to
extract eye regions and eye detection from eye’s windows several
researches use Haar-Like feature and AdaBoost algorithm for detecting
face and eyes and use PERCLOS to evaluate driving fatigue. PERCLOS
(Percent Eye Closure), a video based method that measures eye closure
is a reliable and valid determination of a driver’s alertness level.
PERCLOS is the proportion of total time that the driver’s eyelids are
closed 80% or more and reflects slow eyelid closures rather than blinks.
For example Viola and Jones [9] have used boosted cascade of features
to detect particular object. Template matching and support vector
machine based approach is used to detect eye from face image [10] [11].
Eye-tracking is an area of computer vision that has been researched in
the past years. The eye-tracking systems can be used for several
applications. Some of them have already been implemented to conduct
psychological studies about attention and interest [12]. [13] Describes
the most important application of eye tracking i.e. driver drowsiness
detection. In [14] float boost learning for classification is described. In
[5] detected face and eyes region using Haar-Like feature and AdaBoost
algorithm and used an improved template matching method to detect eye
states and selected PERCLOS to evaluate driving fatigue. They used the
transition of eyes state to detect eyes’ blink.

DESIGN STEPS OF FATIGUE DETECTION SYSTEM

The block diagram of fatigue detection system is shown in figure 1,
which illustrates the whole system. The first stage of block diagram is
data input source, which are classified by two methods for data input.
The first method may be video file stored in the computer for human.
The second method for input data to the system is by using web camera
connected directly to computer. The second block is fatigue system
which constitutes form many stages. The fatigue system is based on
software that will analysis data input in many steps as shown below and
last stage is output result in message appears on computer as fatigue state
or not.
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Data source
as Input

Fatigue

d System

Output Result

Figure 1 Shows block diagram of system

> PROPOSED FRAMEWORK
The construction of the framework is based on the derivation of

every single component. It is done by mapping all components into a
framework as illustrates in Figure 2. From Figure 2, the human’s fatigue
system is based on eyelid blinking algorithm. The end result will give the
conclusion whether the human exhibits a fatigue or not. This systematic
framework is developed as a guide to build a prototype using Matlab
programming language software.

g = .' Captured

—_—
-~

e i

rocess

Fatigiice System

i i
| —
- L2

T e s

Result

Futigue
Or

Not

.

Fig 2 Framework of Human Fatigue.

» PROGRAMMING OF FATIGUE SYSTEM

The flow chart of basic components programming of Fatigue system
are shown in figure 3 where will be discussed later in more detail for

every step.

-
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Input data

Video ﬁ]ls| |We'b camera

kL 4

Face detection Alsgorithins

Haax Face Detection Cam Shift Algorithm

Eve Detecnion algonithans

Template Matching Adaptive PCA

w

Eve cropping and state

Figure 3: Block diagram of Fatigue system

» Face detection algorithms
The main working of the system is when the system gets started it

firstly recognize the region of face which includes eye lids and eye ball
positioning. Under supervision user of the system through graphic user
interface it must be applied one algorithm as shown in figure 4. There are
two algorithms used to detect face Haar Cascade Classifier algorithm
and Cam shift algorithm.

For face detection it preferred to use Haar classifiers algorithm.
These classifiers are based on features extraction, which are found to be
contrast in variation inside a set of pixels making two distinguish areas,
darker and lighter shades. The classifiers are prepared with two groups of
images, good and bad examples of the specific features. To increase the
accuracy of the system the proposed algorithm uses different Haar filters
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which make the face detection step more robust. For the purpose of
minimizing the chances of errors and reduce processing time, relevant
regions are cropped for further processing.

racking Setbinogs >

Input S ource : T owwrahTam = “idao Fils Select File
Face Dotoction Algorithm - = Haar Facse Dataction 7 CamS hift Alaorithion T Mons
Ci=fine HUE For DAk S hift alaorithim

Click here ta define HLE ta track |

I+ Track alzo Eves
Epe Tracking Settimgs
Eve Dataction SAloorithim = Termplate b atching O Adaptive P

Template kMatching Method @ [Cv_TRM_CCOEFF_MNORMED el |

I~ wariancs check Warianocs value =0

D atabase directan |Etesollectiontpaper salahhEvs tracki =N
i =1
MHumber of databaze imagss |EI =
Number of EigenEves v =1
bd ax allovsabls distance from evse space ao0
Face width # eve template widbth ratio 0.3=2
Calarzspace bupe ba use doring P |V RGBS - | Component  [3
I~ Track swes in detail
Eve-Tracking details
I+ Deotoct alzo owe pupils B ~civet parametors |
I lhdicate eve boundan using active snakes
e Fit sllipss to spe boundan: g s ttinos ror Snake |

" Ferform Blink Dstsction

g  SavesCloza |

Figure 4 Shows Tracking setting configuration

» Eye detection algorithm
There are two algorithms for eye detection and tracking, where these

algorithms are template matching and adaptive principle component
analysis (PCA). Under supervision user of the system through graphic
user interface it must be applied one algorithm as shown in figure 4.
When chosen template matching for eyes detection and tracking in the
option of GUI then the choice gives option to choose one of known
standard template. The result of this choice is shown in Figure 7.

» Eye Cropping and state
After successfully detection eye, now the software system will crop an

eye from detected image in separate windows as shown in figure 8. The
detection of eyes status is very important. It is done by another small
program out the software system. To measure the state of eye use
algorithm implemented in Math Lab. In the Matlab software, the process
begins with Image processing eye extracted from software system. The
process is converts the grayscale image to binary image. The binary
image consists of only two gray levels, where"0" represents Black and
"1" represents White as shown in figure 9. In this the object eye balls are
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assigned white pixel value and background is assigned with black pixel.
The number of white pixels is counted by program. If the value exceeds
some fixed value then eyes are open otherwise eyes are closed, after that
the end result will visualize whether the human is fatigue or not.

Results and Discussion

The system is tested on Video captured through USB camera. The
graphic user interface GUI for the software system after tested is shown
in figure 5.

41 Trackbye v2.0
TrackEye Menu  Database  Help

— — |Left Eval [Fight Eva] -
> ] ‘ Distance Fom Eve Space: 00 Diztance rom Epe Space: 00
HobLeft Epe= 117 | #Wof RightEye = 212
W ofLeft Eye = 134 of RightEve = 143
® ol Left Pupl = 137 | ¥ of Aight Pupil= 212
ot Left Pupil = {48 't of Right Pupil= 212
Left Pupil raduz = 3 | Right Pupil radivs = 0
Left Pupl Location Right Puipil Location
TR L TR
Shovw 20 Trapcton
T e fasd Y Dk | Blink Staius

& | awn| FPS - 1.4 Static

1 w7 Dapth

Figure 5 shows the GUI of the application where applied in the
project.

The results are from software system. Use Haar classifier as face
detection From GUI for the system and template matching for eye
detection. This software system can detect the face, track the eyes. For
functional testing, there is setting in coding for compute state of eye that
if expected output of number of white pixels comes within range then it
can be output state of person otherwise having functional fault. These
settings of data can be varied for different persons.
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Figure 9 Shows results of Binary eye image
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Conclusion and Future Work

A technological solution in human’s life is important to address some
human’s behavior such as fatigue. In this paper, a framework for
measurements of human’s fatigue level by using one factor is proposed.
This framework is more accurate measurement of human’s fatigue level
instead of another method based on medical instrumentation.

Based on this framework, the developed simulation can measure the
human’s fatigue level using eyelid blinking. Once the simulation has
been developed, it can be adopted to develop a prototype via FPGA. The
prototype can be used for accident prevention and safety for
transportation and also for educational area.
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Abstract

This paper aims to clarify some of the physical methods used to
detect extra-solar planets. An exo-planet or extra-solar planets is a
planet outside of our solar system that orbits a star. Most of these planets
have been discovered indirectly, because their proximity to a bright star
makes seeing them directly very difficult. This has led to the
development of a variety of technologies that can detect many planets
outside our solar system. There are principal techniques which are used:
Transit photometry, Gravitational micro-lensing, Pulsar timing and
Doppler spectroscopy. Doppler spectroscopy technique is the most
successful so far in finding extra-solar planets. It is still the most
effective method for detecting exo-planets from Earth.

Introduction

Extra-solar planets or exo-planets are planets orbiting stars other than
the Sun. The first detection was confirmed in 1992, with the discovery of
planets orbiting the pulsar PSR B1257 +12 (Wolszczan, et al., 1992).
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The decades since, astrophysicists and astronomers across the globe
have developed an array of methodologies to discover many more of
these extra-solar worlds. As these discoveries continue to dominate the
scientific headlines and push the limits of observational astronomy, it is
important for the non-astro-centric fields of physics to understand the
scientific backbone supporting these discoveries (Glaser, 2015).

The first confirmation of an exo-planet orbiting a main-sequence star
was made in 1995, when a giant planet was found in a four-day orbit
around the nearby star 51 Pegasi. Since the first detection of planets
outside the solar system, the number of discovered exo-planets has
grown rapidly. To date, more than 1800 exo-planets have been
confirmed (Uljan, 2015). The techniques that have been used to
accomplish those discoveries and to study the properties of the exo-
planets are based on physical phenomena (Lunine, et al., 2009).

The smallest exo-planets are a few times larger than the Earth, and
many are several times larger than Jupiter. The fact that most of these
planets are so much larger than Earth is thought to be because more
massive planets are currently easier to detect than small ones
(see ref. [8] http://www.physics.org).

Direct evidence of exoplanets is very difficult to obtain (see ref. [9]
http://lasp.colorado.edu). This is because they shine not by their own
light, but by light reflected by the star which they orbit. As a
consequence, they are much dimmer than their parent star (in the case of
Jupiter, for instance, by a factor of 100 billion), and any attempts to
detect them by their own light are doomed to failure. Therefore, indirect
methods must be used to find extra-solar planets. All of these methods
rely on the fact that a planet exerts a small influence on its parent star as
it travels around its orbit. By observing changes in the parent star, the
existence of the planet can be deduced. Since the changes become larger
as the planet becomes more massive, it is always easier to detect Jovian
planets than to detect terrestrial ones (see ref. [13]
http://www.astro.wisc.edu ).

Methods
1. Transit photometry
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The transit method for detection of extr-asolar planets is based on the
detection of stellar brightness variations, which result from the transit of
a planet across a star’s disk. This method is also known as the
photometric or occultation method (Hans-Jorg, 1998). When a planet
passes in front of a star, the planet will block a tiny amount of light.
Telescopes can detect this slight dimming and can work out the radius of
the planet by how much light is blocked and the orbit by how frequently
the planet passes in front of the star. One drawback is that a star needs to
have the right orbit so it passes in front of the star . With this method we
measure the brightness drop of a star, which results from the transit of
one of its planets across its disk (figurel) (Uljan, 2015). This method
can determine the radius of a planet, semi-major axis of the planetary
orbit and inclination of the orbital plane of the planet. When combined
with radial velocity data, a transit can also provide a good estimate of the
planet’s mass. The orbital period of a planet discovered using transit
photometry can be found by measuring the time delay between one
eclipse and the next. The principal problem with the transit photometry
technique is that it only works for those extra-solar systems which are
viewed edge on. Since this configuration is rather unlikely, only a few
planets have been discovered using this technique (see ref. [13]
http://www.astro.wisc.edu).
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Figure (1): Left: The principles of the transit photometry approach

(see ref. [13] http://www.astro.wisc.edu). Right: light curve showing
a transit of star HD209458b by its planet (Uljan, 2015).
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2. Gravitational micro-lensing

Gravitational lensing is based on the physical phenomenon that light
trajectories are bent in gravitational field. Light from the source star ’S’
is bent by the lens star ’L’, so that the observer O’ sees the image I’
instead of the true source (figure 2). The micro-lensing technique has
many advantages. It is more sensitive than other techniques to detect
small-mass planets. It is most sensitive to planets in our Galaxy with
orbit sizes of a few astronomical units (like those of Mars or Jupiter)
(Uljan, 2015).

TETEETEESSEEEn

0
r
0

Figure (2): Basic geometry of micro-lensing (Uljan, 2015).

It relies on an effect predicted by Einstein’s General Theory of
Relativity: that light rays can be bentby a sufficiently-
strong gravitational field. When a planet is orbiting the lensing star, its
own gravitational field can contribute to the bending of light rays, and it
behaves like a defect in the lens. This defect will produce a narrow spike
in the brightness of the lensed star, which can be used to infer the
presence of the planet (see ref. [13] http://www.astro.wisc.edu).

If the source star is positioned not just close to the intermediary star
when seen from Earth, but precisely behind it, this effect is multiplied
(Fig. 3). Light rays from the source star pass on all sides of the
intermediary, or "lensing" star, creating what is known as an "Einstein
ring" .Even the most powerful Earth-bound telescope cannot resolve the
separate images of the source star and the lensing star between them,
seeing instead a single giant disk of light, known as the "Einstein disk,"
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where a star had previously been. If a planet is positioned close enough
to the lensing star so that it crosses one of the two light streams
emanating from the source star, the planet's own gravity bends the light
stream and temporarily produces a third image of the source star. When
measured from Earth, this effect appears as a temporary spike of
brightness Furthermore, the precise characteristics of the micro-lensing
light-curve, its intensity and length, tell scientists a great deal about the
planet itself. Its total mass, its orbit, and its period can all be deduced
with a high degree of accuracy (see ref. [11] http://www.planetary.org).
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Figure (3): Micro-lensing can reveal exo-planets (see ref. [11]
http://www.planetary.org).

3. Pulsar Timing

Pulsar Timing is the method that was used in 1992 by Aleksander
Wolszczan and Dale Frail to detect the first confirmed exo-planets (see
ref. [12] https://Ico.global/spacebook/). A pulsar is a rapidly spinning
neutron star with a strong magnetic field. When a planet is introduced,
the mutual gravitational pull between it and the pulsar means that they
both orbit about their common center of mass (Fig. 4). For two equal-
mass objects, the center of mass lies exactly halfway between them; in
other situations, the center of mass lies closer to the more-massive
object. In the case of a pulsar and a planet, the center of mass will lie
very close to the pulsar, since it is much heavier than the planet.
Therefore, during one orbit the pulsar will move a much lesser distance
than the planet. When the pulsar is moving away from the Earth, the
time between each pulse becomes slightly longer; conversely, when the
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pulsar is moving toward the Earth, the time between pulses becomes
slightly shorter (see ref. [13] http://www.astro.wisc.edu).

Center of
mass

Planet

Figure (4) : Shows a star and planet orbiting around their common
center of mass (see ref. [13] http://www.astro.wisc.edu).

4. Doppler spectroscopy

The Doppler technique is a good method for discovering exo-planets.
It uses the Doppler effect to analyze the motion and properties of the star
and planet. The Doppler effect refers to the apparent shift in the
wavelength (and frequency) of a wave when there is relative motion
between the source of the wave and an observer. The observation of a
Doppler shift of the spectral lines of a star indicates a change in the
velocity of the star with respect to the observer. When the star moves
toward us, the light emitted has a shorter wavelength, so we say its
spectrum is blue shifted. When it is moving away from us, the light has a
longer wavelength, so we say its spectrum is red shifted (see ref. [9]
http://lasp.colorado.edu).
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Figure (5) : Shows Doppler shifting (see ref. [13]
http://www.astro.wisc.edu).

The radial velocities can be calculated with the aid of the techniques
of spectrography and the Doppler effect (Unsoeld et al, 2005):

Where:

V. : The radial velocity

c : The speed of light

AX: The wavelength shift of light

Ao: The wavelength of light

The sign radial velocity is defined: +V; blue shiftand —V, red shift.

A graph of measured radial velocity versus time will give a
characteristic curve (sine curve in the case of a circular orbit) and the
amplitude of the curve will allow the minimum mass of the planet to be
calculated using the binary mass function. The planet’s mass is given by
(see ref. [10] _https:// lasp.colorado.edu):
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Figure (6) shows an example of one of the lowest amplitude exo-
planets, detected with HARPS. The orbital period for this planet is 58.43
days. The data was comprised of 185 observations spanning 7.5 years
(Debra, et al., 2014).
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Figure (6) : Shows one of the lowest amplitude exoplanets
(Debra, et al., 2014).

Conclusion

Extra-solar planets or exo-planets are planets orbiting stars other
than the Sun. Extra-solar planets are incredibly difficult to obtain as the
distance of these planets are very much farther from the earth. Hence the
indirect techniques were used. All of these methods rely on the fact that a
planet exerts a small influence on its parent star as it travels around its
orbit. The first confirmation of an exo-planet orbiting a main-sequence
star was made in 1995, by Meyor & Queloz, when a giant planet was
found in a four-day orbit around the nearby star 51 Pegasi. The discovery
was with Doppler spectroscopy method ( radial velocities methods).
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Beginning with the detection of a planet around the star 51 Pegasi, the
Doppler spectroscopy technique has been the most successful so far in
finding extra-solar planets, it is best suited to look for very massive
planets orbiting close to their parent star.

References

[1]. Debra A. Fischer, Andrew W. Howard, Greg P.  Laughlin, Bruce
Macintosh, Suvrath M., Johannes Sahlmann, Jennifer C. Yee,
Exoplanet Detection Techniques, University of Arizona Press
Tucson, 914 pp., p.715-737, ( 2014).

[2]. Glaser, J. P, 2015, On the Detection of Exoplanets via Radial
Velocity Doppler Spectroscopy, Cleveland State University.

[3]. Hans-Jérg D., 1998, Photometric Detection of extrasolar Planets by
the Transit Method, On the adress:
http://adsbit.harvard.edu//full/1998 ASPC..134..216D/0000216.000.
html

[4]. Lunine, J. I, Macintosh, B. and Peale, S., 2009, The detection and
characterization of exoplanets, Physics Today, May 2009,( page 46-
51).

[5]. Uljan, M., 2015, Methods for exoplanet search, University of
Ljubljana. Faculty of Mathematics and Physik.

[6]. Unsoeld, A. & Baschek, B., Der neue Kosmos 7. Auflage, Springer-
Verlag Berlin Heidelberg New York (2005).

[7]. Wolszczan A. and Frail D. A., 1992, A planetary system around the
millisecond pulsar PSR B1257 +12 Nature 355, 145 —147

[8]. A beginners guide to exo-planets, on the address :

http://www.physics.org/article-guestions.asp?id=57

[9]. Extrasolar planets, on the address :

http://lasp.colorado.edu/education/outerplanets/exoplanets.php

[10]. Finding masses of extra-solar planets, on the address :

45 Copyright © GJT Al e s Ada gdae wolall (5 g8a


http://adsbit.harvard.edu/full/1998ASPC..134..216D/0000216.000.html
http://adsbit.harvard.edu/full/1998ASPC..134..216D/0000216.000.html
http://www.physics.org/article-questions.asp?id=57
http://lasp.colorado.edu/education/outerplanets/exoplanets.php

Ol A g aglall Ml agaal) [ 5 Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (3), May- 2018 - sibe (llil) sl

https://lasp.colorado.edu/education/outerplanets/math/extrasolar m
asses.pdf

[11]. Micro-lensing, on the address :

http://www.planetary.org/explore/space-
topics/exoplanets/microlensing .html

[12]. Space Book, 2017, on the address :

https://Ico.global/spacebook/pulsar-timing-method/

[13]. The Search for Extra-solar Planets, On the address:

http://www.astro.wisc.edu/~townsend/static.php?ref=diploma-2

46 Copyright © GJT Al e s Ada gdae wolall (5 g8a


https://lasp.colorado.edu/education/outerplanets/math/extrasolar_masses.pdf
https://lasp.colorado.edu/education/outerplanets/math/extrasolar_masses.pdf
http://www.planetary.org/explore/spacetopics/exoplanets/microlensing.html
http://www.planetary.org/explore/spacetopics/exoplanets/microlensing.html
https://lco.global/spacebook/pulsar-timing-method/
http://www.astro.wisc.edu/~townsend/static.php?ref=diploma-2

Ol A g aglall Ml agaal) [ 5 Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (3), May- 2018 - sibe ¢llil) asal)

Activity coefficient Correlations and Uses.

Melod M. Unis', Mohamed M. Alghiryani 2.
1,2- Higher Institute of Sciences And Technology, Gharyan. Libya.

- DAl
Ay il Jlay dabe Lyl skl Gl clily Leluall Glaedl e Gl
Lglesy il cleliall b doriveall Jalsall o Jaliall Jaleas 25080 D lee A liie
OS5 e e gmre b Alal Asall (e gt b bl ol e lahai) (e aall
Apball Kbl Jaifiy cloads (& ibasl) 1591 G zs) S On Apenal) clelal
Bl Gupa A8l Glalils (@hball Hsadll) Lys VG Aagiyall saiee Sl Bl G
o Uasad) GBS G e Bpdle Tadlial) ailad e il (Ko el dngiy
Ce Sl Qlagal & L Jgsh 0 LB Ja e 33sa5all alsall Aal) Jagraall
Gaalyall 485 a2k L Jaliil) Jalee DA (e S5l Jaand b e (Aullial) Allal) 26
(lilsal) e ghaall s Laliall cDlebea s Jolii 0 5250 Culla) G A )lie coda
GlSal agall QS e Bl AT ) degiie Gl e GalaiYl cliy
paaill G dala] @lllie & Jilad) Sl sk s cllea L Aasall @il
lilaall 3 Gge hgo o) Jelees bliall Jalee cililus caali LS L elual

Aghal) 1Sl
Abstract:

Design of industrial equipment requires phase equilibrium data to
correlate liquid vapor phases with accurate precision. Fugacity
coefficients and activity coefficient are factors used in petrochemical
industries to minimize the deviations from ideal behavior in a mixture of
chemical substances. In an ideal mixture, the microscopic interactions
between each pair of chemical species are the same and, are correlated
thermodynamically through complex relations associated with entropy
and Gibbs free energy correlations. As a result, properties of the mixtures
can be expressed directly in terms of simple concentrations or partial
pressures of the substances present e.g. Raoult's law. Deviations from
ideality are accommodated by modifying the concentration by an activity
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coefficient. This review paper present a comparison between leading
methods dealing with estimation of activity coefficients in literature.
Deviation varies from different structure to another based on molecular
structure of the compounds and molecular constituents. Liquid vapor
phase equilibria calculations are essential requirements in industrial
design. The calculations of activity coefficient and fugacity coefficient
play an important role in thermodynamic calculations.

Introduction:

The liquid phase activity coefficient, y;, is a function of pressure,
temperature and liquid composition. At conditions remote from the
critical conditions it is virtually independent of pressure and, in the range
of temperature normally encountered in distillation, can be taken as
independent of temperature.

Correlations for liquid phase activity coefficients:

Several equations have been developed to represent the dependence of

activity coefficients on liquid composition.***

1. Margules activity equation:

The Margules activity model is a simple thermodynamic model for the
excess Gibbs free energy of a liquid mixture introduced in 1895 by Max
Margules.

In chemical engineering the Margules Gibbs free energy model for
liquid mixtures is better known as the Margules activity or activity
coefficient model.

Margules expressed the excess Gibbs free energy of a binary liquid
mixture as a power series of the mole fractions xi:

% = X1 Xo(An Xy + A Xa) + X3 X3 (Bu Xy + B Xa)+. ..+ X7 XJ (Mar X1 + M2 X)

A, B are constants, which are derived from regressing experimental

phase equilibria data.
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e One-parameter margules equation :
The simplest expression for Gibbs excess energy function:
E
G _
RT -
Parameter A is a constant which is not associated with the other uses
of the variable (equation of state parameters, Helmholtz energy, Antoine

coefficients).

Derive the expressions for the activity coefficients from this

expression.
E
_ ™
—=An,—
RT “n
1 [oG*® 1
oG 1, 1, 1y
RT\ én; |r Pon,., nont 7 i
2 2
Iny,= Ax, Iny,=A4x]

e Two-parameters margules equation:

Iny,= -"5[5‘1:_ 2(Ay—Ap)xy

In }’2:-"i[-’121 +2(A4—Ay) 1’1:

2. Van Laar’s Equation:

Originally the van Laar(1910) development was based on the van der
Waals EOS but since the fit of activity coefficient data with van der
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Waals parameters is poor, the van Laar equation now is regarded as a
purely empirical one.
Expressions for the activity coefficients,

4 ' 4
Iny, = — Iny, = s
[. A,x 1 : Ay x5
[1+— J 1+ ——
Ay, Apx

The point of van Laar theory is to use experimental data for mixtures
to estimate the values of A, and A,;. These equations can be rearranged
to obtain A, and A,; from y, and y, given any one VLE point.

[ X, Iny, T [ x, Iny, T

A, = ]11,"1“1"' 107, J 4, = hl}’g[1+m

3. Regular Solution (RS) Model :

This activity coefficient model is derived for solutions that show
moderate deviations from ideal solution behavior, and for which VF and
S are both zero. The model was proposed by Scatchard and Hildebrand
(J. H. Hildebrand & R. L Scott. The Solubility of Non-electrolytes,
Dover, 1964) and constitutes one of few models that are derived from
theory. Known as the Regular Solution Model, the molar excess Gibbs
free energy function is given by:

G¥ [ RT = (il + 2 ) 2D, (6~ &, )
2
Iny = E’rl‘:pg {51_ '53}
Iny, =V,®} (6 - 5 )

xXiVi
Vin

where, @; = volume fraction = ; Vi = molar volume of pure

i" species, and V,,, = ¥; x;V;
Further: &; = solubility parameter for i" species, which is given by:
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5 _ JwT)  JaE - RT)
o7 v,

_—

Where AUivap, AH;’ap are molar internal energy, and enthalpy

of vaporization of i species at the temperature of interest.
The above relations may be extended to multi-component

mixtures for which:

5= @4
7
®. - xj.}‘;.

(where, j R runs over all the species) .
4. Free volume and Flory-Huggins Theory:

The volume occupied by one molecule is not accessible to the other
molecules. When we mix two components, each component’s entropy

increases according to how much more space it has:

ASi=NikIln(Vy, 'Vy)

Where Vj, = the free volume of the mixture.
Vi = the free volume in the ith pure component.
It is customary to assume that the fraction of free volume in any
component is th e same.
Vs, = Nivivf

Where vi = volume of the i species.

vf = universal fraction of free volume.
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The entropy may be taken as that of a perfect gas composed of the

same number of molecules confined to a volume equal to the free

volume.
AS 7
T =Xy ].11(—
Nk Vs f
AS ny, +1n,v ny, +n,v,
e S (A —2 2y oy (- —2 2 )= —Z.\‘, Ind,
Nk v, . 1,7,
ASE

e =) x;In®, +) x;Inx, =) x,In(P, / x,)

For a binary solution,

AGE  HEF ASF ld) 11> . l'df-m ;
= - = — OO, ——(x;v C Vs
W N Ny Rl O Gk,

Iny, =In(d, /x,)+(1-D, / \)+—‘b( -8,)

MK=m@gMHﬂ—®/ﬁHﬁ?ﬁM—&f

5. Wilson equation:

The equation developed by Wilson (1964) is convenient to use in
process design:

n n xiA;
11'1}-";- = 1.0—In [Z{-tjﬂkj)] — Z n—k
=1 =1 Z{.Tjﬂfj]l
j=1

Where vy = activity coefficient for component k,
Aij, Aji = Wilson coefficients (A values) for the binary pair i, j,
n = number of components.
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The Wilson equation is for systems that are severely non-ideal; but,
like other equations, it cannot be used to represent systems that form two
phases in the concentration range of interest.

A significant advantage of the Wilson equation is that it can be used to
calculate the equilibrium compositions for multicomponent systems using
only the Wilson coefficients obtained for the binary pairs that comprise
the multicomponent mixture. The Wilson coefficients for several hundred
binary systems are given in the DECHEMA vapor-liquid data collection,
DECHEMA (1977), and by Hirata (1975). Hirata gives methods for
calculating the Wilson coefficients from vapor liquid equilibrium
experimental data.

6. Non-random two liquid equation (NRTL) equation:

The NRTL equation developed by Renon and Prausnitz overcomes the
disadvantage of the Wilson equation in that it is applicable to immiscible
systems. It can be used to predict phase compositions for vapor-liquid
and liquid-liquid systems.

X1 X2 RT X+ Ggl X+ 2 Glg

2 G oy Gy Ty
Iny,=x3| T2 | = o +- 2
| X+ Gy (x3+x,G5)
2 Gy \” Gy Ty
Iny,=x7| Ta| — — +- —
|,y Gy (x1+x2G )
Gpo—=expl—oT;) Gy —expl—oaT5,)
- by, - by
2= pr TnT R

a, by, and b,; are parameters specific to a particular pair of species,

and are independent of composition and temperature.
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7. Universal quasi-chemical (UNIQUAC) equation:

The UNIQUAC equation developed by Abrams and Prausnitz (1975)
is usually preferred to the NRTL equation in the computer aided design
of separation processes. It is suitable for miscible and immiscible
systems, and so can be used for vapor-liquid and liquid-liquid systems.
As with the Wilson and NRTL equations, the equilibrium compositions
for a multicomponent mixture can be predicted from experimental data
for the binary pairs that comprise the mixture. Also, in the absence of
experimental data for the binary pairs, the coefficients for use in the
UNIQUAC equation can be predicted by a group contribution method:
UNIFAC.

The best source of data for the UNIQUAC constants for binary pairs is
the ECHEMA vapor-liguid and liquid-liquid data collection, DECHEMA
(1977).

For multicomponent solution:

E

;‘;}_ =>. xn (P /x,)—5 > g;x;In ['GI)J,-J'QJ-,'.I—Z gj.xj]n[' > (:?r.Tr.J,.)
COMB

Iny,=Iny, +1In yi_tE'E

Iny ™ =In(®, /x,)+(1—B,/x,)—5q,[In(d,/6,)+(1—B, /6,)]
hl)fEEE:q 1—In(>. QT—Tﬁ
k k (_;‘ i r.lr) T Z (']I-TU-

UNIQUAC equation requires two adjustable parameters characterized

from experimental data for each binary system.
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&, &, R . A
x = R — Y —5 - - =
In y~ ]11[1_1}4—':1 3_1.1-' ~{11[]11[91}+[1 81]]

e, o T12
&, + 6,71, - &, T, +6,

—l—ql[ 1—In(&,+8, 715, ) —

Iny,—=In(—22)4(1 qbl‘:- Sq,[1 {(pl'+{1 'I'?a]
1) 2= 1.3_21 . =, 5q-[1In 931 .
e 4 e
+g,| 1—In(@,1,,+6,)— 1T 2
- - - 8, +68,71, 8, T, +6,
Where:
b =_"Ji"J o =19
’ Z N T ! Z N
’T.J':; Vil Ry q;= Z v o,
[ 4

Ry parameter => group volume.
Qx parameter => group surface area.

Molecule size (rj) and molecule shape (g;)) may be calculated by
multiplying the group parameters by the number of times each group
appears in the molecule, and summing all the groups in the molecule.

vi'? is the number of groups of the k type in the j molecule.
8. Modified separation of cohesive energy density
model(MOSCED):

It is Thermodynamic model for the estimation of limiting activity

coefficients (also known as activity coefficient at infinite dilution).

2. 2(.T T\ T T\ (AT T
> . G T a a ) (B B,
In 3¢ vy (O —A2)? 4 1 .( 1‘ 2 ) ' ( 1 -) (*I .) + ilis
: RT ¥ &1

(1]'_! In (U—!) + 14 <U—:)
vy vy
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aa = 0.953 — 0.002314 ((77) + o1 87 )

\ 203K\ . 203K \"* 203K \"*
S s .37 = ) e
¥ « (‘—T ) / f T T T

Yy = POL + 0.002629aT AT

£ = 0.68 (POL — 1) + [3.4 ~ 2.4 exp(—0.002687 (a1 By )“')} Ladics
POL = g} [115 — 1.15 exp(-0.002337(r)" ) | +1
Where :
\Y Molar liquid volume
A Dispersion parameter
q Induction parameter
T Polarity parameter
a Hydrogen-bond acidity parameter
B Hydrogen-bond basicity parameter
tand ¢ Asymmetry factors
d; Combinatorial term (modified Flory-Huggins(
Index 1 Solvent
Index 2 Solute

The activity coefficient of the solute and solvent can be extended to
other concentrations by applying the principle of the Margules
equation. This gives:

Inys = (In93° + 2(Iny{® ~ In5°) $;) B3

Iny; = (In9° + 2(Iny° — Iny¥) &) &3

where
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9. Debye—Huckel equation:

The Debye—Hiickel limiting law enables one to determine the activity

coefficient of an ion in a dilute solution of known ionic strength.

2.2 2 3 arl/2
ZqK zZq Ny

In {,-}? } _

z; is the charge number of ion species i

q is the elementary charge

K is the inverse of the Debye screening length,
g, is the relative permittivity of the solvent

€ is the permittivity of free space

kg is Boltzmann's constant

T is the temperature of the solution

Ny is Avogadro's number

I is the ionic strength of the solution,

A is a constant that depends on temperature.

Extensions of the theory ;
Extended Debye—Hiickel equation is given by:

Alzyz_ |VI

—logy () = —
10 1+ Ba+v'1

T
8me,eokpT dn(e,eokpT)3/ "-,l“l 9

= —AP.'.’E \K'T

The Debye-Hiickel equation cannot be used in the solutions of

surfactants where the presence of micelles

electrochemical properties of the system.

influences on the

¢ Relation between the model parameters and infinite dilute

activity coefficients :

A common feature of all the models are that the parameters are
basically related to the infinite dilute activity coefficients for each
binary.® Table (1) shows the relation between the model parameters and

infinite dilute activity coefficients.

57 Copyright © GJT

Ll o Al A5 s Bl G



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (3), May- 2018 - sibe ¢llil) asal)

Table (1) shows the relation between the model parameters and

infinite dilute activity coefficients.

Relation between the model parameters and infinite dilute
Model L -
activity coefficients
Two-suffix o o
Margules Iny’=lny" =4
Three- - .
suffix lnp =4y lnyy =4y
Margules '
Van Laar Inp =4y Inyy =4,
Wilson Inpf=1-Ay-Indh, Inpy=1-A,-Inh,,
In 3" =Ty +7; expl-an,)
NRTL -

e Comparison of Equations.

The merits of the individual activity-coefficient correlation
methods have been cited locally, and a comparison of a sort is in
table (2) . Those conclusions may be summarized.

Table (2) Frequencies of best fits of fine activity coefficient
correlations of the DECHEMA vapor-liquid equilibrium data

collection
Number of
Part of Collection Data Margules van Laar Wilson NRTL UNIQUAC
1 Aqueous organics 504 0.143 0.071 0.240 0.403* 0143
2A  Alcohols 574 0.166 0.085 0.395* 0.223 0.131
2B Alcohols and phenols 480 0213 0.119 0.342¢ 0.225 0.102
3/4 Alcohols, ketones, ethers 490 0.280* 0.167 0.243 0.155 0.155
6A C4-Cg hydrocarbons 587 0.172 0.133 0.365* 0.232 0.099
6B C5-C,g hydrocarbons 435 0.225 0.170 0.260* 0.209 0.136
7 Aromatics 493 0.260* 0.187 0.225 0.160 0.172

Total of 7 parts 3563 0.206 0.131 0.300* 0.230 0.133

*Identifies the most frequent best fit in each category.
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1.

The Margules, van Laar, and related algebraic forms have the merit of
mathematical simplicity, ease of evaluation of the parameters from
activity-coefficient data, and often adequate representation of even
fairly non-ideal binary mixtures, including partially miscible liquid
systems. They are not applicable to multicomponent systems without
ternary or higher interaction parameters.

. The Wilson equation represents vapor-liquid equilibria of binary and

multicomponent mixtures very well with only binary parameters.
Because of its greater simplicity it may be preferable to the NRTL and
UNIQUAC equations for this purpose. Although it is not directly
applicable to liquid-liquid equilibria.

. The NRTL equation represents vapor-liquid and liquid-liquid

equilibria of binary and multicomponent systems quite well, and is
often superior to the others for aqueous systems. It is simpler in form
than the UNIQUAC method but has the disadvantage of involving
three parameters for each pair of constituents. The third parameter a;,
often can be estimated from the chemical natures of the components,
and a strong claim has been made for a universal value o, = -1. The
value a;, = 0.2 has been adopted for all mixtures in the DECHEMA
LLE Data Collection.

. Although it employs only two parameters per pair of components, the

UNIQUAC equation is algebraically the most complex one. It utilizes
knowledge of molecular surfaces and volumes of the pure
components, which can be estimated from structural contributions,
and for this reason the method may be particularly applicable to
mixtures of widely different molecular sizes. It is applicable to vapor-
liquid arid liquid-liquid equilibria of multicomponent mixtures with
binary parameters and pure component data only.
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Application of Activity Coefficient Models;
= Activity coefficients are used in phase equilibria calculation for
modeling equilibrium properties.“” As shown in the following table.

P = . p sat
}iP R Pi

System Type Models

Species similar in size and shape One-constant Margules

Two-constant Margules, Van Laar,

Moderately non-ideal mixtures Regular Solution

Strongly non-ideal mixtures (for

example Alcohols Wilson, NRTL, UNIQUAC
+Hydrocarbons)
Solutions with miscibility gap NRTL, UNIQUAC

= Calculation of solubility :

Experimental determination of solubility is time consuming and
costly, therefore it is effective to use activity coefficient models to predict
solubility
In Equilibrium:

solid sollite _sat | sar
e = =X 14

o

Solubility can be calculated as follow

a solid

e

" s activity of solid which is function of physical properties of
solid like melting temperature, heat of fusion and heat capacity y is
activity coefficient.

X =
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Abstract:

With the growing use of ICT, the innovation and development in the
ICT sector is increasing and witnessing a revolution in the most of world
countries. The role of ICTs becomes important as tools that governments
can deploy in their poverty reduction programs to accelerate the national

growth. In the Africa continent, the ICT development is making rapid
progress offering huge economic and social benefits for the continent,
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but the lack of quality and sustainable information in a number of
development areas remains a real issue.

This study presents the state of ICT in the development nations
located in the north region of Africa continent. This review study is
carried out using the ICT Development Index (IDI). The IDI is a
standard tool for benchmarking, and it is used to monitor and compare
developments in information and communication technology (ICT)
across countries.

The review study shows analytical comparison between the North
Africa Region Countries includes Tunisia, Morocco, Libya, Egypt,
Mauritania and Algeria using ICT and IDI tools as the best ones to
monitor and notice any improvement in national growth.

Keywords: ICT, IDI, Internet, Mobile, Fixed line.

I. Introduction

The ICT stands for Information and Communication Technology and
defined as divers set of technological tools and resources used to
communicate, produce, disseminate, accumulate, and manage
information. These technologies include radio, TV, computers, fixed
lines telephones, mobile communications, and Internet. ICT has become
a prominent and crucial sector which is widely used in the entire world
for many important and different purposes, such as business, health,
transport, communication, and education [1]. As a result, the ICT has
played a significant role in the economic growth for developed and
developing countries in the world. In Africa continent, Information and
Communication Technology (ICT) has been making considerable
progress since the beginning of the 21st century. The ICT developments
can be used as determining factor and instruments for general growth,
this factor and instruments, including not only computer hardware and
software but also fixed telephones, mobile telephones,
telecommunication equipment and wireless transmission equipment.

Currently, total worldwide mobile subscription have grown to 7
billion and mobile internet subscription to 3 billion at the end of 2014,
and these numbers are expected to double within five years. The increase
is mostly due to growth in the developing world [2]

Timely and comparable data remains a major barrier to analyzing the
status and progress of Information and communication technologies,
identifying reliable targets and adapting policies.

64 Copyright © GJT Al e s Ada gdae wolall (5 g8a



Ol A g aglall Ml agaal) [ 5 Gl 8 A
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (3), May- 2018 - sibe ¢llil) asal)

This paper presents a study about the Arab countries which are
located in the north of Africa continent in terms of the usage of the ICT.
The purpose of this paper is to identify and present opportunities for
ICTs development, and determine a collaborative framework for ICTs
for North African countries, premised on the developmental indices for
establishing an information and knowledge society

Also, this study is carried out using the ICT Development Index
(ID1).  The ICT Development Index (IDI) is a composite index
combining some indicators into one benchmark measure that serves to
monitor and compare developments in information and communication
technology (ICT) across countries [2].

Il. Literature Review

Africa is the world's second-largest and second-most-populous
continent. At about 30.2 million km? including adjacent islands, it covers
six percent of earth's total surface area and 20.4 percent of its total land
area [3]. With 1.1 billion people as of 2013, it accounts for about 15% of
the world's human population [4]. The continent is surrounded by the
Mediterranean Sea to the north, both the Suez Canal and the Red Sea
along the Sinai Peninsula to the northeast, the Indian Ocean to the
southeast, and the Atlantic Ocean to the west.

Africa is considered as a vast continent with huge contrasts and non-
homogeneous development of telecommunications and ICTs. These
contrasts are evident even within the sub regions themselves and also
within individual countries. It is tempting to simplify the grouping of
African Countries into three groups as the relatively well developed
Northern African and South Africa, and the least developed sub-Saharan
Africa.

Virtually all major indicators e.g. GDP per capita, ICT, human
development index, literacy, power consumption, child mortality, life
expectancy, ...etc easily betray Africa as being at the tail of the other
continents. While the continent has 15% of the world population, its
share of world GDP is only 1%, while it has 17% of the world phones
and barely 1.5% of the global Internet users. One of the most cited
statistics is that in 1984 the continent had fewer phones than the city of
Tokyo and in 2002 it had less Internet users than London. [5]

In the most countries of the world ICT infrastructure is expanding and
modernizing. Recognizing the critical role of information and
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communication technology in economic development, governments have
been pouring large sums into expanding and improving local
infrastructures. As a result ,the gap separating the developing and the
developed countries has been shrinking in many types of ICT such as
number of mobile subscribers, number of fixed telephone lines and
Internet users ... etc.

According to the Commonwealth of Learning report, which provided
a good summary of ICT developments in Africa, The Radio is the most
widespread communications medium on the continent. About the
Internet connection, 49 of 54 countries and territories in Africa have
Internet access in their capital cities [5]. Only 17 countries have Internet
servers in their secondary towns, imposing the requirement for long
distance calling in order to access the service. The Internet Service
Provider (ISP) subscription fee was estimated to an average of US$
50/month. Each computer in Africa with an Internet connection has an
average of three users. The Internet access levels in Africa are one user
for every 1400 people compared to a world average of one user for every
35 people and a North American average of one user for every 3-4

people.[6]

In addition to the internet access level, Mobile subscriptions is
another indicator of the ICT developments. Mobile subscriptions in the
developed world is rapidly reaching saturation point. There are 1.5
billion subscriptions in developed nations, which is similar to 2013. With
120.8 percent mobile penetration, there is already more than one mobile
subscription per person in developed nations, leaving little room for
growth [2].

In Africa continent, the penetration has grown at 69 per cent by end
2014, which is considered the region with the strongest mobile-cellular
growth. The growth trend in Africa is not different. It is expectation that
the mobile subscriber base will rise to 100 per cent billion at the end of
2015 [2]. This growth therefore requires more reliable and sustainable
infrastructure for effective operation.

To analyze the real use and potential of ICTs, it is imperative that
countries carry out representative household and individual ICT surveys.
Few African and Arab countries currently do so, though. This adds to the
already existing statistical divide on access to, and use of, ICTs [7].
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Table 1 presents a simple comparison between four zones of the
globe classified as developed countries, developing countries, Africa
continent countries and Arab countries.

Table 1 Key Global Telecom Indicators for the World
Telecommunication Service Sector in 2014 [2]

Key indications Developed | Developing | Africa | Arab
nations nations States
Mobile cellular 1,515m 5,400m 629m 410m
subscriptions
(millions)
Per 100 people 120.8% 90.2% 69.3% | 109.9%
Fixed telephone lines 511m 636m 12m 33m
(millions)
Per 100 people 40.8% 10.6% 1.3% 8.7%
Active mobile 1050m 1265m 172m 92m
broadband subscriptions
(millions)
Per 100 people 83.7% 21.1% 19.0% | 24.0%
Mobile broadband 11.5% 26% 43% 19%
growth
Fixed broadband 345m 366m 3m 12m
subscriptions
(millions)
Per 100 people 27.5% 6.1% 0.4% 3.1%

Table 1 showed that Africa has the lowest growth in all aspects of the
ICT compared with the other regions in the world. This indicates that the
African ICT environment and infrastructure faces tremendous
challenges. Africa is one of the poorest regions in the world and has the
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lowest access to information and communication resources, which means
that there are still challenges for Africa continent in the ICT sector,
therefore, the opportunity to invest in the ICT sector and the ICT market
in Africa is significant. A number of African countries have made
progress on access to ICT services but the continent largely lags behind
the rest of the world.

1. Information and Communication Technology
Development Index (IDI)

The ICT Development Index (IDI), which has been published
annually since 2009, is a composite index that combines 11 indicators
into one benchmark measure. It is used to monitor and compare
developments in information and communication technology (ICT)
between countries and over time [9].

The main objectives of the IDI are [9]:

To measure the level and evolution over time of ICT developments
within countries and the experience of those countries relative to others;
To measure progress in ICT developmentin both developed and
developing countries;

To measure the digital divide, i.e. differences between countries in terms
of their levels of ICT development; and

To measure the development potential of ICTs and the extent to which
countries can make use of them to enhance growth and development in
the context of available capabilities and skills.

The Index is designed to be global and reflect changes taking place in
countries at different levels of ICT development. It therefore relies on a
limited set of data which can be established with reasonable confidence
in countries at all levels of development. Based on this conceptual
framework, the IDI is divided into the following three sub-indices:

Access sub-index: This sub-index captures ICT readiness, and includes
five infrastructure and access indicators (fixed-telephone subscriptions,
mobile-cellular telephone subscriptions, international Internet bandwidth
per Internet user, households with a computer, and households with
Internet access).
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Use sub-index: This sub-index captures ICT intensity, and includes three
intensity and usage indicators (individuals using the Internet, fixed
broadband subscriptions, and mobile-broadband subscriptions).

Skills sub-index: This sub-index seeks to capture capabilities or skills
which are important for ICTs. It includes three proxy indicators (mean
years of schooling, gross secondary enrolment, and gross tertiary
enrolment). As these are proxy indicators, rather than indicators directly
measuring ICT-related skills, the skills sub-index is given less weight in
the computation of the IDI than the other two sub-indices.

IV. The IDI Calculation

The above mentioned three Sub-indices were computed by summing
the weighted values of the indicators included in the respective subgroup
as follows:

ICT accessis measured by fixed-telephone subscriptions per 100
inhabitants, mobile-cellular subscriptions per 100 inhabitants,
international Internet bandwidth per Internet user, the percentage of
households with Internet computer and the percentage of household’s
access.

ICT usageis measured by the percentage of individuals using the
Internet, fixed-broadband Internet subscriptions per 100 inhabitants and
active mobile-broadband subscriptions per 100 inhabitants.

ICT skills are approximated by mean years of schooling, secondary gross
enrolment ratio and tertiary gross enrolment ratio.

V. The ICT Situation in North Africa

Many analysts of African issues find it quite convenient to group
African countries into three groups, the North, South Africa and Sub-
Saharan Africa.

North Africa, consisting of the six States, is the most advanced sub-
region in telecommunications and ICT development as reflected by its
various indicators. It is well connected with submarine cables in the
Mediterranean.

The oil and gas wealth in this sub-region has brought overall
relatively good socio economic development and peace. Given this
situation, these countries hold a potential of extending investments into
other countries south of the Sahara to boost ICT development.

69 Copyright © GJT Al e s Ada gdae wolall (5 g8a



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (3), May- 2018 - sibe ¢llil) asal)

The following table 2 [8], is the status of the information and
communication technology (ICT) markets in six Arab countries located
in North Africa region, including significant infrastructure developments,
and government policy and initiatives to improve the access and use of
ICTs for households and individuals.

Table 2. ICT in North Africa Countries [8]

Key

indications | Algeria | Egypt | Libya | Morocco | Mauritania | Tunisia
(2017)

Arab
States

World

Fixed
telephone
sub. Per 100
inhab

8.2 7.1 21.5 6.0 1.3 8.6

7.7

16.6

Mobile
cellular sub.
Per 100 inhab | 113.9 113.7 | 119.8 120.7 86.5 125.8

107.1

101.5

Fixed —
broadband
sub. Per 100 6.9

52 2.6 3.7 0.3 5.6
inhab

4.7

12.4

Active
mobile-
broadband 64.6 52.6 349 46 30.2 63
sub. Per 100
inhab

45.2

52.2

3G coverage

(% of 83.4 98.7 | 78.1 95 41 99
population)

81.9

85

LTE/WIMAX

coverage (% 3.6 0.0 n.a. 68 00 73
population)

33.8

66.5

Mobile — 2.5 0.8 1.3 4.4 16.3 0.9

43

5.2
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cellular prices
(% GNI pc)

Fixed —
broadband
prices (%GNI
pc)

3.6

1.8

4.4

10

1.4

10.1

13.9

Mobile —
broadband
prices
500MB (%
GNI pc)

2.6

0.7

1.5

29.2

1.4

4.5

3.7

Mobile —
broadband
price BB (%
GNI pc)

54

0.9

2.2

29.2

1.1

55

6.8

percentage of
households
with
computer

38.4

53.1

23.5

54.9

5.0

393

43.3

46.6

Percentage of
households
with internet
access

347

433

22

68.5

11.2

37.5

45.3

51.5

Percentage of
individuals
using the
internet

429

39.2

20.3

583

18

49.6

41.8

45.9

Int. internet
BW per
internet user
(k bit/s)

40

17.2

5.5

25.7

4.5

32

39

74.5
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The three IDI Sub-indices for the six North African countries which are
involved in this study are summarized in the following table:

Table 3: IDI for 6 Arab states in North Africa region [10]

Country IDI IDI use IDI skills | ID1 2017 | IDI2017

Access | subindex | sub index rank value
sub index

Algeria 5.14 3.38 6.29 102 4.67
Egypt 5.40 3.35 5.66 103 4.63
Libya 4.80 1.98 6.99 115 4.11
Morocco 6.06 3.68 4.35 100 4.77
Mauritania 2.96 1.62 2.15 151 2.26
Tunisia 5.11 4.11 5.67 99 4.82

From the previous table, it can be noticed that Tunisia is ranked as the
best country in North Africa Arab states in field of communication and
information technology and the lowest is Mauritania for the last year
2017.

V1. Conclusion

Information and communication technologies (ICT’s) have the impact
effect on the societies around the globe. ICT market in North Africa
region will see more innovation. Internet users and Internet penetration
rates are low in the most of these countries. Operators will be forced to
update their network infrastructure to accommodate increased demand
for broadband.

The result of this paper demonstrates that the North Africa countries;
Algeria, Egypt, Libya, Morocco, Mauritania and Tunisia are not
powerhouses of ICT. ICT skills will remain one of the biggest
challenges facing those countries. Moreover, all countries in this region
need new ICT policies and need to do more investments in the ICT
infrastructure. There are specific interventions that the Africa Continent
in general and North Africa countries can develop to sustain and further
grow the ICT sector.
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Despite critical political situation in Libya (war 2011), it has the
highest IDI skills sub index between the 6 countries.

IDI reflects the infrastructure of the country itself accordingly Tunisia
is the best between the mentioned 6 Arab countries.
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