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Abstract:
The study dealt with morphometric characteristics (spatial and formal
and terrain) of Wadi Bani Walid as an important dry valley basin in
the northwestern part of Libya, GIS have been used to analyze the
network of water drainage basin characteristics. the study is based
on the analysis of the Digital Elevation Model (DEM) image from
ASTER satellite of the basin region. The study concluded by
derivation of basin dimensions and drainage network and get the
maps which has been contained the morphometric and terrain of the

basin and sub—basins characteristics data.
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Interpolative BTC Image Coding Scheme
With Embedded Bit Plane

g o Al g o glell Mol agaall/ Jseudl jae dilae oy llne
aao_84@yahoo.com

Abstract— Block Truncation Coding BTC is one of the techniques for
coding images which is characterized by its simple and fast algorithm
for coding digital images. The standard BTC algorithm achieves
constant bit rate of 2 bits per pixel. The compression may be improved
by coding only half of the bits in the BTC bit plane of each block; the
other half are interpolated. The resulting bit rate in this case is 1.5 bits
per pixel. In this paper a technique to further reduce the bit rate to 1 bit
per pixel is presented. In this proposed method half of the 16 bits of the
bit plane are embedded in the least significant bits of the lower and
upper means of each block. In the decoding process the embedded bits
are recovered and used to interpolate the missing bits of the bit plane.
The algorithm has been investigated and applied to different still
images.

Keywords-Image coding; image compression; block truncation coding;
digital image processing.

INTRODUCTION

Image data compression is necessary to reduce space for storing images
and save the bandwidth needed for transmitting them. There several
algorithms and techniques for image data compression.

The performance of an image compression algorithm may be evaluated
in terms of computational complexity, compression ratio, and fidelity. A
good algorithm has low-computational complexity, high-compression ratio
and high fidelity. Unfortunately, all three cannot be achieved
simultaneously. Block Truncation Coding (BTC) is an efficient and fast
compression technique applicable for gray-scale images[1]. This method
gives a relatively good compression ratio and has a simple and fast algorithm
[2]

In the basic BTC scheme, the image is first divided into a set of non-
overlapping blocks, and the first two statistical moments, mean and variance,
and the bit plane are computed. In the decoder, each block of the image is
reconstructed using the bit plane and two statistical moments. [2]. The bit
rate achieved is 2 bits/pixel instead of the original 8 bits/pixel, which
corresponds to a compression ratio of 4:1.

A variant of BTC called Absolute Moment Block Truncation Coding
(AMBTC) is introduced by Lema and Mitchell[3].This version preserves the
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higher and lower means of the blocks and the bit rate is the same as that of
the original BTC. Several techniques based on the BTC have been
introduced to reduce the bit rate and computational requirements while
maintaining an acceptable image quality.

In this paper, a low bit rate color image compression scheme based on
AMBTC is presented. This scheme employs three techniques. These
techniques are bit plane omission, bit plane coding using 32 predefined
visual patterns and interpolative bit plane coding.

ABSOLUTE MOMENT BLOCK TRUNCATION CODING

In basic BTC the image is divided into non-overlapping blocks. The
first and second sample moments of the block are calculated as follows:

X :Eé:xi 1)
F:lix? @)
ma

Where X, represents the pixel value in the image block and m is the total
number of pixels in one block. The variance is given by
2=X?-X ©)
The next step is to find a threshold which is taken as the block mean X and
two reconstruction levels, a and b such that
X=a if X,<X )
X > X ©)
fori=1,23,......m

where X is the value of the pixel in the reconstructed block and a and b
are given by:.

(6)

a=XxX —o

U]

where q is the number of pixels greater than or equal to the block mean and
m is the total number of pixels in the block.

The output of the BTC for each block include two numbers, a and b,
which specify the pixel values greater than the block mean, and pixel values
less than or equal to the block mean, respectively. A 4x4 bit plane is formed
by replacing a bit (1) for each b and a bit (0) for each a. The bit plane is
transmitted (16 bits) along with the levels a and b (8 bits each). The total
number of bits transmitted is 32 and the resulting bit rate is 2 bits/pixel.
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The AMBTC algorithm is a simple and fast variant of the BTC that
preserves the higher mean and lower mean of an image block [1]. In this
algorithm the image is divided into non-overlapping blocks of size 4x4 or
8x8, etc, The average gray level of the block is calculated using equation(1).
Pixels in the image block are then classified into two ranges of values. The
upper range is the gray levels which are greater than the block mean X and
the remaining represent the lower range. The mean of higher range X, and

the lower range X are calculated as follows:

1 n
Xu =1 X, (8)
X=X
1 n
X, =—— Y'X, 9
L m_kXI<Y 1 ()

Where m is the total number of pixels in the block and k is the number of

pixels with gray levels greater than the block mean X .
As in the BTC a bit plane is formed by replacing a bit (1) for each pixel
whose gray level is greater than or equal to block mean and a bit (0) for each

pixel whose gray level is less than the block mean. The bit plane, X and
X are transmitted to the decoder. In the decoder the image block is

reconstructed by replacing each bit (1) by X, and each bit (0) by X, . The

total number of bits transmitted is 32 and the resulting bit rate is 2 bits/pixel
which is the same as in BTC, however, AMBTC requires less computations.

Low BiT RATE BTC BASED CODING SCHEME
The proposed low bit rate image coding scheme the higher and lower means X y and

X . of each block are calculated and the bit plane is formed as described above. The

interpolative technique is the method that drops half of the bit plane at the time of encoding
and at the time of decoding the dropped bits are recovered by taking the arithmetic mean of
the adjacent values. Referring to Fig.1, the dropped bits are calculated as follows [6].

B=(1/3) x(A+F+C)

D=(1/2) x(C+H)

E=(1/3) x(A+I+F)
G=(1/4)x(F+C+K+H)
J=(1/4) x(1+F+N+K)
L=(1/3) x(H+P+K)

M=(1/2) x(1+N)

0=(1/2) x(N+K+P)
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Fig.1. Bit plane: Bold faced letters represent the dropped bits.

The 8 bits of the bit plane to be transmitted are divided into two halves each
containing 4 bits and each four bits are embedded into the least significant bits of
the higher and lower means of the block. The detailed steps involved in the
compression process are as follows:

1-Divided the given color image into a set of non over lapping blocks of size n=4x4
pixels.

2-Compute the block mean X , lower mean X . and higher mean X, for the block.
3- Form the 16-bit bit plane of the block by replacing a bit "1™ for the pixels with
values greater than or equal to the mean X and replacing a bit 0" for the rest of the

pixels.
4-Select the 8 bits from the bit plane to be transmitted and embed these bits in place

of the least significant bits of the higher and lower means of the block and transmit
the resulting higher and lower means. The total number of transmitted bits is 16 bits
resulting in an average bit rate of 1 bpp.

5- In the decoding stage, the embedded bits are used to interpolate the missing bits
in the bit plane

6-The reconstructed block is obtained by replacing each bit "1" by the higher mean
and each bit "0" by the lower mean.

The above steps are applied to all image blocks to obtain a reconstructed image
which is then compared to the original image using a quantitative quality measure
such as the Peak Signal-to-Noise Ratio (PSNR).

SIMULATION AND RESULTS

Three techniques were investigated, The standard block truncaton coding
BTC, the interpolative block truncation coding IBTC and the proposed interpolative
block truncation coding with the bit plane embedded in the higher and lower means
IBTC-EBP. Several grey level test images of size 512x512 were used in this
simulation. Both the mean square error MSE and the peak signal-to-noise ratio
PSNR were used as measures of the reconstructed image quality. The results are
shown in Table (1). It can be seen that the proposed IBTC-EBP scheme achieves a
comparable results with the IBTC and in most cases it outperforms it. Better image
quality results are obtained by the standard BTC at the cost of higher bit rate which
is 2bpp compared to 1.5 for IBTC and only 1 bpp for IBTC-EBP. Some of the
reconstructed images using the three technique are illustrated in Fig.2.
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TABLE 1. MSE AND PSNR FOR DIFFERENT TEST IMAGES

Image BTC IBTC IBTC-EBP

MSE | PSNR MSE PSNR MSE PSNR
Cameraman 84.70 | 28.80 376.30 22.30 290.70 23.40

House 36.39 | 3250 | 137.60 | 26.70 | 156.20 | 26.10
Goldhill 61.78 | 30.20 | 243.60 | 2420 | 209.90 | 24.90
Boat 53.65 | 30.80 | 187.00 | 25.40 | 173.40 | 25.70
Girl 26.73 33.80 | 110.40 | 27.60 | 119.10 | 27.30

Fig.2 Reconstructed images used in simulation (a) original, (b)Reconstructed using standard BTC, (c)
Reconstructed images using IBTC-EBP.
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V. CONCLUSIONS

A low bit rate compression scheme for coding color images based on AMBTC is
presented in this paper. The compression scheme make use of AMBTC bit plane
omission, bit plane coding using 32 predefined visual patterns and one of the
interpolative bit plane coding techniques. Simulation results using real color images
have proved that this algorithm achieves low bit rate using low computational
complexity.
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Abstract

Greenhouse cultivation is a widely used agriculture scheme, because of the
abundance of crops yield and the possibility of production throughout the

year. The idea of Greenhouse cultivation depends on creating the climatic
conditions necessary for plant growth which mimics the real conditions of a
particular season of the year. If these conditions could be carefully
controlled then the same products would be produced regardless of the
surrounding environment outside the green house. These factors could be

monitored and controlled manually by human operators, which is the case in

traditional greenhouses; or fully automated by the use of computers or PLCs.

Though computers are very powerful tools in process automation, they
suffer from the complexity of interfacing. PLCs on the other hand, have the
advantage of very simple and direct interfacing and relative easiness in
programming and simulation. Therefore; a PLC controlled greenhouse
would be composed of the regular structure of the house and a set of sensors
that monitor the climatic factors, and a set of actuators that control these
factors. The time sequence of regulating these factors is abstracted in the
PLC control program. Implementation of such program would guide the
growth process of certain crop/crops.

Keywords: Greenhouse, Automatic control, PLC controller.

1 Introduction

Since time immemorial, human has learnt how to grow plants under natural
environmental conditions. In some of the low temperature regions where the
climatic conditions are not suitable and crops cannot be grown, human has
developed methods of growing crops, continuously by providing protection
from the cold, which is called a greenhouse technology[l] as shown in
Figure 1.1.

Figure 1.1 : Greenhouse technology.
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Greenhouses provides the climatic conditions necessary for plant growth
where simulate the real conditions of a particular season to increase the
possibility of production throughout the year[1]. If these conditions could be
accurately monitoring and controlled, the same products will be produced
whatever the environment outside the greenhouse[2]. Greenhouse technique
also providing protection the plants from the adverse climatic conditions
such as wind, cold, excessive radiation temperature, diseases and insects[2].
1.1Greenhouses requirements

The greenhouse agriculture needs to regulate irrigation, also
periodic ventilation, control humidity and temperature[4] . They may need to
adjust other factors such as lighting. In some cases where could be control
and monitored by human operators. In the case of traditional green houses
the control is done by humans, but it requires many of effort and time.
Therefore it is necessary to find alternative mechanisms for the provision of
this time and effort. One of these mechanisms to control and supervision
these systems is done by the computers. However due to difficulty of
interfacing these systems with computer, special computers small and easy
interfacing as (PLC) Can be used to monitoring and controlling these factors.
Here some examples of automatic greenhouse system controlled by PLC.

1.2 Automated Greenhouse

The automated greenhouse ventilation shown in figure 1.2.1 is automatically
controls the climate in greenhouse by opening the roof vent when the
greenhouse gets hot, then closes when the temperature cools. The opening
temperature set-point can be adjusted for specific needs by the control
program Also Greenhouse cooler is automatically turned on when the
greenhouse heated , then turned off when the greenhouse cooled, depending
on the control program which adjusted as specific needs of the plant. Figure
1.2.3 shows the automated areenhouse cooler.

Figure 1.2.1:
Automated
greenhouse

ventilation.

Figure 1.2.3 : Automated greenhouse cooler.
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2 Working modes of real model Greenhouse.

This section includes description and function of artificial conditions
systems and control systems. Artificial systems are applied in greenhouse
system model to create, necessary conditions for test in running mode in
green house model , includes humidification system which provides a Hot-
steam by heating water to create a humidity in green house model and
heating system which pushing large volume of the hot air in greenhouse
model. Meanwhile control systems which will clarify it in more detail are
used to implement the control tasks.

2.1 Irrigation System For Controlling Soil Moisture

Irrigation control technology shown in figure 2.1.2 uses small
pump(windshield washer car pump), to carry a flow of water from the water
tank to plants prototype through a network of plastic pipes, to provide the
quantity of water required of desired level of soil moisture, when a soil
drying rises. Figure 2.1.1 shows the Irrigation system tank.

Figure 2.1.1 : Plants prototype.  Figure 2.1.2 : Irrigation system
tank.

2.2 Artificial growing lights for cor... ...... G e e

Growing lights shown in figure 2.2.1 is used a high efficiency fluorescent
lamps to extend daylight hours through winter and spring when levels of
natural lights can be low, and can thus improve plant growth.

Fluorescent
lamp
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2.3 Temperature and humidity controllers

Temperature and humidity control system shown in figure 2.3.1, consists of
fan, automated vent opener using dc motor. A sun on a hot summer day can
cause temperatures or humidity inside the greenhouse, which may be
undesirable. In this case the automated vent opener is automatically
opening the roof vent. Where the motor shaft revolves clockwise, horizontal
gantry will up to open the roof wings vent. In the case of closing the roof
vent, the motor shaft revolves anti clockwise, horizontal gantry will, be
down to close the roof wings vent.

Figure: 2.3.1
Automated
vent opener.

\
\
Shaft “Motor

Fan shown in figure 2.3.2 can move a large volume of the hot greenhouse air
out trough the vent and pull fresh air in through its rear.

Roof
wings

"WIB1SAS UoIe|IUBA Z'€'Z - 84nbiH
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4 Level controllers

Level control system of tank water, shown in figure 2.4.1, work by
(windshield washer car pump) to filling the irrigation system tank from the
reserve tank, as soon as falls to minimum level.

Figure: 2.4.1
Model system
tanks.

Trrigation system tank pump

Figure 2.4.1 shows different angles for automatic greenhouse system final
prototype.

Note: The set point of all above explained controllable factors, can be set by
user, depending on the type of cultivated plant.

Figure : 4.34 Greenhouse system final prototype.
3 Control strategies.

Approach to monitor and control the controlled variables, system response
to changes in controlled elements and the mechanisms used to avoid the
intersection in the work can be described by the following control strategy,
and the System components are connected as shown in figure 3.1,to
implement control tasks of automated greenhouse controls
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Figure 3.1: Circuit schematic of the system.

e When X; ( temperature switch) or X,( humidity switch ) or both of
them becomes high, that means there are increasing in temperature
or humidity of greenhouse model above the set point , the plc will
turn on the timer T4, the timer Ty, will complete the counting if the
switches conditions not change , otherwise it will stop before
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completing the counting. T4 will turn on the timer Ty once
completing the counting. Tys will turn on the Y4 ( fan) and Ys
once completing the counting. Y5 will turn on the timer To, Yp
(roof vent opening ) as long as the counting of Ty, then Ty will turn
on Y, which prevent opening the roof vent again. If the
ventilation processes not complete. Once the condition of humidity
and Temperature switches change, the ventilation process will stop,
where the Yy, (fan) turn off, Y; and the timer Ts turn on
respectively. In this case the Y5 (roof vent closing ) will turn on as
long as the counting of Ts, then turn off Y.

e When the sun set, the X; (Light switch) will be on and turn on Y,
(Artificial light ), T, and Yy, (roof vent opening ) as long as the
counting of T,. When T, completes the counting it will turn on the
Tis, Y3 where Y will turn on as long as counting of Ty, to prevent
opening the roof vent again, if the ventilation processes not
complete. T, also will turn on Y33 which will turn on the timer T .
Once the T3 complete the counting, ventilation process will stop, and
turn on the timer T, in this case the Yy, (roof vent closing ) will turn
on as long as the counting of T,.

3.2 Watering processes

e In the case of X;s(watering by timer switch) off, watering
process will depend on the soil moisture.

o If X5 (soil moisture switch) gives zero, that mean the soil
is dry. In this case the plc will check the statues of X,(light
switch) and Xy (level switch), if both are zero, plc will turn
on the Ys(watering process ),else Ys stay off. Because the
watering process, should not start, if water tank is empty or
at night.

e In the case of X;s(watering by timer switch) on, watering
process will depend on the time.

e When the sun rise, X; (Light switch) will turn off, Y¢ turn
on respectively, in this case if X35 (Watering mode2 switch)
be on, then Y, will turn on to turning on Tg, Ys(watering
process ) will turn on as long as counting of Tg .Else if
Xi7(Watering model switch) ) be on, Yy, will turn on to
turning on T, Ys(watering process ) will turn on as long as
counting of T-.

3.3 System flowchart

Details of control operations of the greenhouse model can be demonstrated
in various way through the following flowchart

213



017 4iud —(2) Alaal) — (3)asad) —dudailly Adludy) astall Ay s daaly dlaa
¢ :

»
» N

o

OBTAIN THE SENSOR DATA
>y

>

NO

YES l

TURN OFF THE FAN [T

NO

TURN ON THE FAN

A 4

OPEN THE ROOF VENT

‘

CALL SOME DELAY

|
\a

CLOSE THE ROOF
VENT

214



017 4iud —(2) Alaal) — (3)asad) —dudailly Adludy) astall Ay s daaly dlaa
¢ :

YES IS THE

WATERI
NG BY

NO

NO
ISTHE
WATRING
PROCESS
ON

»
|

TURN ON THE l YES
FILLING PUMP

| S l
TURN ON THE WATERING
NO
L Vv YES v
CALL SOME DELAY
NO
“— 2
TURN OFF THE WATERING
YES
la
@ TURN OFF THE FILLING A
PULIMP
v v
TURN ON THE WATERING
OPEN THE
ROOF

!

215



017 4iad —(2) Alaal) — (3)a2ad) —Aiudatlly Alod¥) aslell ady L daals Alaa
¢ :

4 Conclusions

The aim of this project is to design and build a real model of greenhouse that
controls the climatic conditions for growing different kinds of crops.
Namely, these conditions are temperature, humidity, soil moisture, and
intensity of light. The values of these factors are adjusted at the desired
values by the programmable logical controller. The system model has been
successfully designed and fabricated. It has been noted that the system has
the ability to reduce the power consumption, maintenance and complexity,
and provides precise form of maintaining the desired environment.
Automatic monitoring and controlling of greenhouse climatic conditions can
be reducing the consumption of the time and labour of human operators in
the case of traditional greenhouses where these factors are monitored and
controlled manually. Flexible model system, as it is programmed to provide
a climatic condition for multiple products of cultivation. It is easy to change
the set points of climatic conditions and thus the system is able to be use for
monitoring and controlling of different kind of crops. Closed loop design
provides protection from disturbing the greenhouse environment.
Continuous monitoring and processing the changes of controlled variables
by PLC reduces the effect of disturbances. Irrigation depending on soil
moisture provides great extent of natural resource saving like water.
Consumption of water will not be more than the need of crop. Therefore
this method is less wasting of water comparing with other irrigation
methods. System model consists of a set of specific systems, each of these
systems depending on the particular sensor so the defect of single sensor will
not affect the whole system. Designing the programmable logic controller
based system approach step by step, for monitor and control of the essential
parameters for plant.

References

[1] Anne Swithinbank, John Swithinbank, The Greenhouse Gardner,
Frances Lincoln Ltd, London, 2006

[2] Christoph Lumer, The Greenhouse: a welfare assessment and some
morals, University Press of America, Maryland, 2002

[3] D.G.Hessayon, The Greenhouse Expert, Expert Books, 1994

[4] G.l.Pearman, Greenhouse: planning for climate change, CSIRO
Publications, Australia, 1988

[5] Mark Freeman, Building your own Greenhouses, Stackpole Books,
Mechancsburg, 1997

[6] Shane Smith, Greenhouse gardener’s companion: growing food and
flower in your greenhouse or sunspace, Fulcrum Publishing, USA

216



017 4iud —(2) Alaal) — (3)asad) —dudailly Adludy) astall Ay s daaly dlaa
¢ :

The role of the Economic factors in the US -Libya's
Normalized Relations in 2006

Dr. Ahmeid Mohamed Ahmeid®* E-Mail: Ahmeid@yahoo.com
Abstract

The purpose of this article is to analyze the U.S.-Libya’s normalized
relations in 2006, with particular focus on the economic factors
leading to the normalized relations between the two countries. It is
divided into two parts. 00il and Economic Sanctions, The data for this
analysis came from primary and secondary sources, namely
newspapers, internet, books, magazines, and journals. Interviews were
also conducted. Key findings over the period studied indicated the
importance of the economic factors in forwarding the U.S. policy
options towards the normalization of the U.S. - Libya relations in
2006. Furthermore, this study also concluded that the success of the
normalized relations was a product of intertwining of these factors
together through their influences on policy-makers of both countries
to take flexible attitudes to resolve outstanding issues between them.
Keywords: Normalized Relations, Economic Factors, Oil, Economic
Sanctions.

Introduction

Economic relations between the U.S. and Libya had a long history
started before Libya gained independence in 1951, when Washington
started an economic aid program to the Libyan government. Then,
these relations strained after Libyan oil nationalization in 1970, not to
mention the cutting of these relations during the Reagan presidency
period in 1980s. In truth, there are several factors that played a
significant role leading to normalization of the U.S.-Libyan relations
during the period 2003-2006. Oil and sanctions are two major
economic factors that played important roles in the U.S.- Libya
relations during this period. This study examines these factors in an
attempt to better understand their role in the U.S. - Libya relations. It
is divided into two main parts. The first part looks at the oil factor.

! *Dr. Ahmeid Mohamed Ahmeid is a director of Human Resources department in ISSBW
and a Lecturer of International Studies at the Department of Management, faculty of
Economy & Political Science, University of Bani Walid.
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The second part looks at the sanctions, and analyzes their roles that
led to the normalized relations between the two countries.

The Oil Factor

It is very clear that oil plays an active role influencing global
politics in a major way. Oil has influenced governments' decisions to
go to war and at the same time has influenced their relations with
other countries. International politics is fraught with alliances and
divisions, and it’s undoubtedly true that the oil trade has influenced
these relationships. What is most noteworthy of all is that the West
countries need for oil has only grown with time. “This means until an
alternative energy source is discovered, or the oil reserves are
depleted, oil is going to continue to influence international politics”
(Abraham, 2011).

So what makes oil so highly valuable for individuals,
companies and sovereign states? First, “Oil is Universal” Oil plays a
major role in practically every aspect of our lives from technology and
transportation to the very food and business necessary for human life.
Second, “Oil is Unique” While there may be various alternative
energy supplies available for some industrial tasks such as creating
electricity, there is currently no reasonable substitute for oil when it
comes to transportation. Third, “Oil is Rare” According to scientific
calculations; oil is a progressively depleting fuel that is disappearing
at an exponentially alarming rate. “While there are still an
undetermined number of untapped oil deposits left to be discovered
around the globe, reasonable arguments will continue as to just how
quickly the world’s oil supply might run out. However, even among
the most optimistic and pessimistic prognosticators, there is virtually
no debate that there is currently less oil available to us than there was
just 50 years ago” (OilPrice.com, 2009).

Oil is the main natural resource in Libya; the existence of oil
under the sands in the Libyan Desert was suspected even before the
Second World War the equipment and the gear was not enough at that
time for this type of work. Oil exploration in Libya started in 1955,
the Key National Petroleum Law No. 25 was enacted in April 1955,
and the first oil fields were discovered in 1959 when American
prospectors confirmed their location at Amal and Zelten now known
as Nasser. Oil exports began in 1961 (Fergiani, 1976, p. 191).

The following decade saw dramatic increases in both
production and revenues. Within a few years, however, Libya became
the world’s fourth most prolific producer of oil. This phenomenal
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growth was triggered by a combination of circumstances that made the
country’s oil an eagerly sought-after commodity. The first of this was
the fact that, despite an overabundance of oil in the World market; the
post-war European demand for oil was increasing at an accelerated
pace. This was prompted in part by the European countries’
determination to replace their coal industry with a more efficient and
more environmentally friendly fuel, and also by the Continent’s
rapidly expanding transportation network. Libyan oil would prove
ideal for meeting these demands. As the result of geological factors,
the oil deposits that were discovered in the Sirte Basin proved light in
gravity and contained very little sulphur. They were particularly of
interest to European refiners trying to meet increasingly stringent rules
on sulphur emissions. “Libya’s location also proved to be a significant
asset. Situated close to the European market, Libyan oil commanded
an important advantage over Middle East oil: lower transportation
costs, particularly to the southern European ports” (Vandewalle, 2006,
p. 54).

However, “the Libyan economy is heavily dependent on the
hydrocarbon industry which, according to the International Monetary
Fund (IMF), accounted for over 95 percent of export earnings, an
estimated 85-90 percent of fiscal revenues and over 70 percent of the
country’s gross domestic product (GDP) in 2008” (International
Monetary Fund, 2005). According to the Oil and Gas Journal (OGJ),
“Libya holds close to 44 billion barrels of oil reserves, the largest in
Africa, Energy Information Administration (EIA) data indicate that
the 2008 total oil production (crude plus liquids) was approximately
1.88 million barrels per day” (bbl/d) (International Monetary Fund,
2005).

Libya produces high-quality, low-sulphur (“sweet”) crude oil
at very low cost (as low as US$1 per barrel at some fields). During the
first half of 2003, Libyan oil production was estimated at nearly 1.5
million bbl/d, an increase from the 2002 levels, but still only about
two-fifths of the 3.3 million bbl/d produced in 1970 (see Figure 1).
Libya, a member of the Organization of Petroleum Exporting
Countries (OPEC), holds the largest proven oil reserves in Africa,
followed by Nigeria and Algeria. According to Oil and Gas Journal
(OGJ), “Libya had been total proven oil reserves of 43.7 billion
barrels as of January 2009, up from 41.5 billion barrels in 2008.
However, Libya remains relatively unexplored, and the potential for
fresh discoveries means that the true total could be far higher”
(Pagnamenta, 2009).
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Figure 1: Top 5 African Oil Reserve Holders, 2009. Source: Oil and Gas Journal,
January 2009

Libya’s oil industry is run by the state-owned National Oil
Corporation (NOC), along with smaller subsidiary companies, which
combined account for around half of the country’s oil output. Several
international oil companies are engaged in exploration/production
agreements with NOC. The leading foreign oil producer in Libya is
Italy's Agip-Eni, which has been operating within the country since
1959. Two U.S. oil companies (Exxon and Mobil) withdrew from
Libya in 1982; (EIA, 2002). Following a U.S. trade embargo that
begun in 1981, five other U.S. companies (Amerada Hess, Conoco,
Grace Petroleum, Marathon, and Occidental) remained active in Libya
until 1986, when President Reagan ordered them all to cease activities
there. Conoco, Amerada Hess and Occidental made up the “Oasis
Group,” which produced around 850,000 bbl / d in 1986 (EIA, 2002).
The development of oil in Libya was helped by its geographical
position; Libya is nearer to key European and North American
markets than some of the most important oil producers, notably those
of the Middle East. Thus, Libya found itself on the market side of a
Suez Canal closed by the Middle East war of June 1967 (Simons,
1996, p. 187). The oil companies then worked to expand their Libyan
activities rather than simply rely on the earlier policy of consolidation.
It was cheaper by far to ship oil from the Mediterranean to Europe and
North America than to travel from the Arabian Gulf around the Cape
of Good Hope (Simons, 1996, p. 187).

As for natural gas, the expansion of natural gas production
remains a high priority for Libya for two main reasons. First, Libya
aims to use natural gas instead of oil domestically for power
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generation, freeing up more oil for export. Second, Libya has vast
natural gas reserves and is looking to increase its natural gas exports,
particularly to Europe. Libya’s proven natural gas reserves as of
January 1, 2007 were estimated at 2.7 trillion cubic feet (Tcf) by OGJ
(Libyan Times, 2010). Some Libyan experts believe, with more
explorations, reserves may possibly reach 70-100 Tcf (Libyan Times,
2010). Major producing fields include Attahadi, Defa-Waha, Hatiba,
Zelten, Sahl, and Assumud. To expand its natural gas production,
marketing, and distribution, Libya is looking to foreign participation
and investment. Libya’s natural gas production has grown
substantially in the last few years. According to EIA, Libya produced
399 billion cubic feet (Bcf) in 2005, while consuming 206 Bcf. In
2006, HIS energy reported that Libya produced 985 Bcf of natural
gas, more than two times the amount produced in 2005 (Libyan
Times, 2010). Of the 985Bcf, 474 Bcf was exported to Italy and
Spain. 385 Bcf was used in oilfield recovery projects and the
remaining 146 Bcf was used in the generation of electricity in Libya
(Libyan Times, 2010).
The role of oil in U.S. - Libya relations

The top foreign policy goal of any country, whatever the
nature of its political system, and whatever its size or population, is to
maintain its presence and protect its national security. Hence, this
requires state to use all its national capacities to achieve those goals.
Moreover, in order to examine how the oil factor influencing policy
shift decision on both sides. It must be seen within the following
context:
The obstacles that faced the Libyan oil sector before 2003

It must be recognized here that Libya is a clear example of a
rentier state, i.e.; its economy depends on its production and export of
oil and thus provides the needs of the Libya’s society through the
money raised from these sales. The figures for the development of
production in Libyan oil fields from 1968-2003 indicate the decrease
of production during the period following the withdrawal of the U.S.
oil companies from Libya in the 1980s (see Table 1). This is because
of two reasons; the first, the ban of export of American equipment that
could be used for extracting oil and transporting it to export terminals.
The second, oil production might also have been damaged by the
freezing of Libyan assets abroad, which Libya faced difficulty in
investing in the oil sector.
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Table 1: Libya Oil Production (1968-2003) in million barrels per day

Year | Production Year | Production Year Production Year Production
1968 2.605 1977 2.065 1986 1.065 1995 1.439
1969 3.110 1978 1.985 1987 1.005 1996 1.452
1970 3.320 1979 2.090 1988 1.060 1997 1.489
1971 3.765 1980 1.830 1989 1.165 1998 1.480
1972 2.240 1981 1.220 1990 1.430 1999 1.425
1973 2.180 1982 1.135 1991 1.540 2000 1.475
1974 1.520 1983 1.110 1992 1.475 2001 1.425
1975 1.480 1984 1.105 1993 1.402 2002 1.376
1976 1.930 1985 1.060 1994 1.431 2003 1.488

Source: BP Statistical Review of World Energy, London, several years.

Libya’s crucial hydrocarbon industry was also experiencing
problems with reform as the International Energy Agency noted,
“Most of the fields in Libya are relatively cheap to develop successful
development, however, will depend on Libya’s capacity to attract
foreign investors” (International Energy Agency, 2005, p. 433).

Libya was in urgent need of new investment in oil and gas
technologies; Libya’s oil reserves were declining at a rate of 8 percent
a year, falling to fewer than 10 billion barrels from a high of over 30
billion in the 1970s (Ronen, 2008, p. 63). Some of the larger oil fields
became depleted and some gas fields that had produced liquefied
natural gas were now completely exhausted. While preferring U.S. oil
technology, Qadhafi’s drive to put its oil companies back in business
in Libya may also have reflected other motives such as a desire to
rehabilitate his complex relations with the U.S. administration. This
would provide Tripoli with a security net by making it difficult for
Washington to order US oil companies to leave Libya again should
another hour of crisis arrive (Ronen, 2008, p. 63).

The promotion of the return of American oil companies was
one of the primary objectives of the government of Shukri Ghanem. In
its pursuit, he sought to accelerate a process that began in May 2000.
The previous government opened “137 blocks” to be negotiated as a
new concession (Martinez, 2007, p. 134). The Libyan government was
seeking the help of foreign companies to increase the country's oil
production capacity from 1.4 million barrels a day (bbl/d) at present to
(2) million bbl/d by 2010, and to 3 million bbl/d by 2015 (Cordesman,
2005, p. 19). In order to achieve this goal, and also to upgrade its oil
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infrastructure in general, Libya was seeking as much as US$30 billion
in foreign investment over that period.

However, “If Libya does reach 2 million (bbl/d) in oil
production capacity, this would take the country back to a level it has
not seen since the late 1970s. During that decade, Libya’s government
imposed tough terms on producing companies, leading to a slide in
oilfield investments and oil production - from 3.3 million bbl/d in
1970 to 1.5 million bbl/d in 1975, before rising again to 2.1 million
(bbl/d) in 1979. During the 1980s Libyan oil production averaged
around 1.2 million bbl/d rising to around 1.4 million (bbl/d) in the
1990s” (Cordesman, 2005, p. 19).

According to the EIA analysis, sanctions caused delays in a
number of field development projects and deterred capital investment
to an extent. The full lifting of sanctions means that Libya can now
resume purchases of oil industry equipment. EIA notes, “however, US
sanctions remained in place, which was important since US companies
were leaders in advanced oil and gas technologies, many of which
they have under patent” (Afrol News, 2009).

Petroleum talks for the return of the Oasis Group (comprising
Amerada Hess Corp, ConocoPhillips, and Marathon Oil Corp)
continued until late December, when Oasis and NOC agreed to a 25-
year extension of the group’s exploration and production agreements
on the Waha concessions in the Sirte Basin (Mobbs, 2005, p. 25).
State-owned Waha Oil Co. operated the Sirte Basin fields since the
group had been obligated to leave Libya as a result of sanctions
imposed by the U.S. under Executive Order 12543 of January 7, 1986.
“The original concession agreements expired during the hiatus. The
new agreement called for the Oasis Group to pay US$1.3 billion for
their resumption of management of the oilfields and for the concession
extension and US$530 million to partially refund investments in the
operation made by Waha Oil” (Mobbs, 2005, p. 25).

In July, “Occidental Petroleum Corp. (Oxy) and NOC agreed
that Oxy could be resume production operations on the three
concession areas that U.S. sanctions forced Oxy to leave in 1986. The
original concession agreements expired in 2009 and 2010. State-
owned Zueitina Oil Co. managed the concessions since 1986
(Mobbs, 2005, p. 25).

In early 2005, “exploration permits were awarded for nine
onshore and six offshore blocks that were offered in the initial round
of bids for licenses under the Exploration and Production Sharing
Agreement-1V (EPSA-IV). In October 2005, the second round of bids

223



017 4iud —(2) Alaal) — (3)asad) —dudailly Adludy) astall Ay s daaly dlaa
¢ :

under EPSA-IV resulted in the awarding of exploration permits for 24
onshore and 16 offshore blocks. Additional licensing rounds for
exploration permits were scheduled to be held in 2006 and 2007~
(Mobbs, 2005, p. 25).

When Libya opened its nuclear sites for inspection and began
to dismantle the program, the U.S. responded by lifting the sanctions
that barred American oil companies from operating there. Although
previous suspension of U.N. sanctions resulted in a modest increase in
Libya’s output, U.S. oil companies were necessary to reach the level
of investment required for more significant growth, calculated at
US$41 billion by the International Energy Agency (International
Energy Agency, 2005, p. 456). American firms were valued not only
for their technological prowess, but also for their historical links and
psychological worth to Libya. Tripoli also realized that American
business models (e.g., best practices) offered an opportunity to
develop homegrown talent. When sanctions were lifted, direct U.S.
involvement in the oil sector quickly ensued. More than 90 percent of
the entities involved in Libya’s 2005 Exploration and Production
Sharing Agreement (EPSA) IV were U.S.-majority partnerships
(Moss, 2010, p. 8). The resultant contracts constituted an immediate
cash influx focused largely on the development of preexisting fields,
just as Tripoli wanted.

Moreover, “the terms of the contracts focused on production
allocation, amplifying the gains for Libya’s National Oil Corporation
(NOC). Occidental Petroleum, for example, signed a thirty-year
agreement with the NOC to upgrade its existing contracts, a deal
expected to generate a total capital investment of approximately
USS$1.9 billion” (Moss, 2010, p. 8). The new agreements allowed the
NOC and Occidental to design and implement major field
redevelopment and exploration programs in areas such as the Sirte
Basin. Furthermore, following its participation in EPSA 1V,
Occidental was committed to invest an additional US$125 million in
exploration projects over the next five years. Meanwhile, “the Oasis
Group paid a US$1.8 billion fee to return to Libya, US$530 million of
which was committed to direct investments. The various companies
that made up the Oasis Groups Amerada Hess, Marathon, and Conoco
Phillips - also began to invest in and develop gas as well as oil fields”
(Moss, 2010, p. 8).

According to Dana Moss, Libya’s oil fields are showing
modest increases. Production has already risen somewhat from 1.4
mbd before 2003 to 1.7 mbd in 2007; other production trends are
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promising as well. The Oasis Group, which operates in al-Waha field,
has made plans to increase production from 350,000 bd to 600,000 bd
by 2013. Altogether, U.S. joint-operated companies will be involved
in up to one-third of Libya’s planned medium-term drive to increase
oil production from 1.75 mbd to 2.5 mbd by 2015. Regarding specific
projects, the Oasis partners have only begun two smaller upgrades so
far: Faregh Phases 1 and 2, together costing US$174.6 million. Future
field development is conditional on many factors, including the price
of oil, the terms of future contracts and economic conditions in Libya
and at the NOC. The involvement of U.S. companies goes beyond
direct investment in oil fields. These investments have secondary
benefits for the Libyan economy, as the government requires
international companies to form joint ventures with local partners and
to hire and train Libyans. Exxon Mobil, for example, agreed to pay
US$25 million to fund training programs and scholarships for Libyans
as well as US$3 million to improve local schools. And Libyans
constitute 90 percent or more of the workforce at the two joint oil
companies through which the U.S. firms Oxy and the Oasis partners
operate (Zueitina and Waha, respectively) (Moss, 2010, p. 8).

The renewal of U.S. relations had a measurable impact on
Libya’s overall economic prospects. In 2006, for example, foreign
direct investment totaled US$4 billion, a six-fold increase over the
previous year. With the end of U.S. sanctions and the removal of
Libya from the U.S. terrorism list, business confidence in the country
increased. Its renewed ties with the U.S. made Libya seem like a less
risky environment for international investors. In 2003, for instance,
around eleven oil companies were operating in Libya; that figure is
now greater than fifty (St John, 2008, p. 134).

Hence, these reasons led Libyan policy makers to take flexible
positions on the face of American demands. Libya also tried to take
advantage of the U.S. oil companies lobby to assist in influencing U.S.
decision-makers to make the same flexibility from the other direction.
The role of American Oil Companies

In fact, “there was a belief in political circles about the role
played by the American Oil Companies in the normalization of the
U.S. - Libya relations” (Ronen, 2008, p. 63). In this context, according
to Ronen, “both Libyan and U.S. oil companies exerted pressure on
the Bush administration to improve the relations between the two
countries and thus enable the companies, which ran much of Libya’s
oil sectors until forced out by their government in 1986, to return to
Libya” (Ronen, 2008, p. 63).
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According to Robin Pagnamenta, “with an estimated of 42
billion barrels that make Libya the largest proven oil reserves of any
African country, this is equal to 3 percent of the global total”
(Pagnamenta, 2009). Its gas reserves are some 1.5 trillion cubic
meters, the forth-largest in Africa. However, “Libya remains relatively
unexplored and the potential for fresh discoveries means that the true
total could be far higher. That is why Libya’s return to the
international fold triggered a scramble for drilling rights among
international oil companies” (Pagnamenta, 2009).

Exploration work in Libya in the 1960s identified at least ten
fields each with more than a billion barrels of oil. Modern techniques
could uncover more as vast areas of the Libyan Sahara remain
unexplored. Exploration licenses covered only one-third of the
country. A spokesman for BP quoted as saying that “if its exploration
programs offshore and in the country’s west are successful it could
invest US$20 billion or more over the next 20 years building
refineries, pipelines, and petrochemical and liquefied natural gas
plants to allow exports to the UK and elsewhere” (Pagnamenta, 2009).

Three of Britain’s biggest companies - BP, Shell and BG
group signed preliminary deals to provide cash and expertise to
develop Libya’s investment-starved oil and gas industry. In 2004,
“Shell signed exploration deal with Libyan government; only months
after Libya publicly abandoned plans to develop weapons of mass
destruction. As a result, the U.N. Security Council voted unanimously
to lift sanctions. BP’s much bigger deal worth an estimated $900
million was announced in 2007 during a visit by former British Prime
Minister Tony Blair to Tripoli” (BBC News, 2007a). “The company
which withdrew from Libya in 1974 when the country nationalized its
oil industry will explore 54, 000sq km at the onshore Ghadames and
offshore Sirte basins” (BBC News, 2007).

British companies were competing against a host of rivals,
including Total of France, the American ConocoPhillips, China
National Petroleum Corp and Gazprom, the Russian state-controlled
producer. “The British government had also a strong vested interest in
the program. With North Sea gas running out fast; it hoped that Libya
could become an alternative to Russia as a source of supply”
(Pagnamenta, 2009).

The four American oil companies that were forced by U.S.
sanctions to suspend operations in Libya (Occidental Petroleum Corp.,
Amerada Hess Corp., Marathon Oil Co. and Conoco Inc.) were eager
to return to Libya. Tripoli did not give any award their properties to
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any competitors, but since the 1999 suspension of U.N. sanctions,
although several European companies pressed Tripoli to do so (The
Wall Street Journal, 2002).

In December 1999, U.S. oil company executives from Oasis
plus Marathon traveled to Libya with U.S. government approval to
visit their old oil facilities in the country. The former head of NOC,
Abdullah al-Badri has stated that “if U.S. companies return to Libya,
they will return to the fields they used to operate throughout the
country” (World Investment News, 2003, pp. 14-15).

However, in the first part of 2001, Libya contacted the U.S.
companies and indicated that, given its desire to develop their fields,
Libya was considering transferring them to European companies. In
September 2001, “Libya stated that the U.S. companies must either
make use of their concessions within a year or risk losing them”
(World Investment News, 2003, p. 15).

Three of the U.S. firms, Conoco, Marathon and Amerada Hess,
have hired Kenneth Duberstein, former chief of staff in the Reagan
White House, to lobby on “initiatives to protect U.S. companies assets
in Libya” according to recent lobbying registration forms. “The oil
companies had been pressing Washington to let oil-industry engineers
travel to Libya to inspect their oil fields. In January 2001, the
administration issued the companies licenses for such an inspection
trip” (The Wall Street Journal, 2002).

A spokesman for Conoco, Peter Hunt said, “considerable
progress has been made toward resuming more normal ties, among the
four oil companies Conoco was the most outspoken in calling for an
end to unilateral U.S. sanctions” (The Wall Street Journal, 2002).

Conoco estimated that since the company was forced to leave
Libya in 1986, “it had lost net production of 300 million barrels of
crude oil, or more than $5 billion in revenue. Peter Hunt called that a
conservative estimate. However, Conoco declined to speculate on
what the dropping of sanctions would mean for the company, or for
the U.S. oil industry” (The Wall Street Journal, 2002).

A spokesman for Occidental, Dale Petroskey, said “the
company was encouraged to see the two countries engaged in
dialogue. A Marathon spokesman, Paul Wee ditz, said it was difficult
to predict how the efforts to improve ties would come out. Amerada
Hess declined to comment. The oil companies already had friends in
high places. Conoco's chairman and chief executive officer, Archie
Dunham, had longtime ties to Vice President Dick Cheney, who
formerly headed Halliburton Co., an energy-equipment maker. During
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his business career, Mr. Cheney was a regular critic of U.S. unilateral
economic sanctions” (The Wall Street Journal, 2002).

On December 29, 2005, ConocoPhillips announced on its
website that, “in conjunction with its co-ventures, it had reached
agreement with the Libyan National Oil Corporation on the terms
under which it will return to its former oil and gas production
operations in Libya” (Conoco, 2005). Under the agreement,
ConocoPhillips and co-ventures Marathon and Amerada Hess will
return to their previous exploration and production interests in the
Waha concessions in Libya. According to Jim Mulva, Conoco Phillips
chairman and chief executive officer, “this agreement provides a
strong basis for us to invest in our aligned goals for increased reserves
and production and in the training and development of our Libyan
work force” (Conoco, 2005).

Undoubtedly, both Libya and the American Oil Companies
were looking out for their economic interests, but sometimes they
cannot separate between the political and economic interests in such
cases. In his Senate testimony on Foreign Relations Committee,
Porter, Geoff D. argued that, “Libya is a country where diplomatic
relations disproportionately impact foreign direct investment. Where
relations are favorable, companies reap the benefits. When relations
sour, companies bear the brunt of retaliatory measures” (Porter, 2010).

Porter divided the International oil companies that signed oil
and gas exploration deals in Libya into three categories. “The first
group comprised of those companies that reclaimed dormant leases
that they were forced to leave Libya because of U.S. and international
sanctions in the 1980s. The Oasis group (Amerada Hess,
ConocoPhillips, and Marathon Oil) fall within this category. The
second group consisted of companies that participated in four open bid
rounds to lease tracts of previously unexplored areas. In this process,
companies’ submitted bids and those with the bids most favorable to
Libya won the right to explore the area on those terms. The third
category comprised of companies that negotiated bilateral deals with
Libya to explore new areas for development. Only three companies in
this time period negotiated bilateral exploration deals with Libya: BP,
Royal Dutch Shell, and ExxonMobil” (Porter, 2010).

Libya is a rich country in both petroleum and gas resources. “It
ranks ninth in the world in terms of proven oil reserves, with 44
billion barrels of oil. It also has substantial amounts of natural gas”
(OPEC Annual Statistical Bulletin: 2006). Furthermore, “because
Libya is still relatively under-explored in comparison to many other
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oil-producing nations, it represents one of the world’s leading
prospects for additional oil and gas discoveries. Libyan oil is high
quality, low in sulfur and commands a high price on the international
market, in addition given Libya’s proximity to Europe, transportation
costs are low” (Crocker & Nelson, 2003, p. 14).

It is thus harmful to the U.S economy and energy resource
security interests that the imposed sanctions prohibit U.S. oil industry
firm to abide by their previous arrangements that provide access to
Libyan oil, the sanctions also forbid those firms from exploring any
large scale infrastructure developments in Libya which is an
opportunity for U.S companies (Crocker & Nelson, 2003, p. 14).

It can be argued that, “although UN sanctions and the Iran and
Libya Sanctions Act of 1996 (ILSA) were combined to discourage
participation by non-U.S. companies in Libya’s petroleum sector,
neither has acted as a complete barrier. By the time UN sanctions
were suspended in 1999, there were already more than 20 non-U.S.-
domiciled companies with active Libyan petroleum licenses and many
more seeking petroleum exploration and production rights. Since the
1999 suspension of UN sanctions and the subsequent restructuring of
the Libyan National Oil Company into a modern internationally
competitive petroleum management regime, foreign interest in the
Libyan oil and gas sector has increased further” (Crocker & Nelson,
2003, p. 15).

Until 2003, "there are more than 100 exploration licenses open
for competitive bidding, and non-U.S. companies are eagerly
submitting offers for these licenses. This effectively opens all
prospective Libyan acreage to access by every global oil industry
participant except U.S.-domiciled companies. It also leaves the U.S.-
held Waha and Zueitina concessions, some of the most potentially
lucrative acreage in Libya, without foreign access. Not surprisingly,
non-U.S. firms have expressed a desire to take over U.S. interests in
these concessions” (Crocker & Nelson, 2003, p. 15).

For a while, Libya's neighboring countries, Egypt and Algeria
were increasing the development of their own power resource sectors,
building infrastructure and making new alliances in the southern
European market. "Libya saw itself as falling behind in this
competitive environment and feared that it will be shut out of the
market if it continued to defer the development of its gas reserves.
Significantly, the U.S. concessions include large gas reserves and the
NOC is being lobbied by foreign companies to open these gas
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projects, especially now that Libya is building a gas export pipeline to
Italy” (Crocker & Nelson, 2003, p. 15).

Crocker & Nelson (2003) described these concessions as "one
of the richest petroleum prizes in the world, with over 6 billion barrels
of remaining oil reserves and almost 3 billion equivalent barrels of gas
and condensate. For the U.S., any change in the ownership status of
these concessions would mean a loss of U.S. influence over a large
strategic oil resource. Beyond the obvious impairment to the U.S. oil
companies with existing interests in these concessions, there would be
a corresponding loss to U.S. business in the full scope of related
activities. As non-U.S. competitors continue to seek access to the U.S.
- held concessions aggressively, at some point Libya will decide it no
longer wants to hold the door open for sanctions-bound U.S. firms”
(Crocker & Nelson, 2003, p. 15).

To sum up, the U.S. oil supply diversity would increase if
Libyan oil resources be developed by U.S. firms which reduced the
reliance on the Arab gulf oil, and allow for more competition with the
global oil firms that take advantages of U.S sanctions.

The Sanctions factor

In fact, Libya faced two kinds of sanctions (unilateral and
multilateral) which clearly influenced its government and people.
Usually unilateral sanctions are imposed by one country against
another to cut off business and trade relations such as importation and
exportation of some or all commodities as well as financial loans.
These methods of foreign policy instituted when one country
disagrees with another country’s mode of government, issues of
human rights violations, environmental pollution and other policy
issues. Primarily, the main goal of unilateral sanctions is to punish the
targeted nations and give them an impetus to change their policies.

According to Herman Franssen, "in the last 80 years the U.S.
imposed unilateral sanctions on nearly 70 countries, covering every
continent and almost half of the world’s population. Since then, five
more countries were added to the list, making some 40 per cent of the
world subject to U.S. unilateral sanctions. The list includes very
specific as well as more general sanctions and some were much more
severe in their economic impact than others. The growing use of
sanctions as an instrument of U.S. foreign policy coincided with the
end of the Cold War, which weakened bipartisan support for foreign
policy in the U.S. Congress and reduced the interest of the American
public at large on foreign policy issues” (Franssen, 2002).

230



017 4iud —(2) Alaal) — (3)asad) —dudailly Adludy) astall Ay s daaly dlaa
¢ :

The Libyan sanctions came in three broad phases; the first
phase ran from the 1970s to late 1991. The second phase ran from the
late 1991 to mid-1996. The third phase began in mid-1996 to 2006.
Although U.N. sanctions were not imposed on Libya until 1992, this
was not the beginning. The U.S. applied its own sanctions on Libya
over the three decades prior to that.

Actually, Libya was subjected to one of the strictest U.S.
sanctions’ regimes since 1979 to 2006. In fact, the American sanctions
against Libya were formulated through the presidential Executive
Orders as follows:

1. The Executive Order 12538 signed by the former President
Ronald Reagan on November 15, 1985.

2. The Executive Order 12543 signed by the former President
Ronald Reagan on January 7, 1986.

3. The Executive Order 12544 signed by former President Ronald
Reagan on January 8, 1986.

4. The Executive Order 12801 signed by former President George H
Bush Sr. on April 15, 1992.

5. The Iran and Libya Sanctions Act (ILSA) was signed by the
former President William J. Clinton on August 5, 1996.

On the other hand, the list of multilateral sanctions is much
shorter than unilateral sanctions. The first comprehensive effort for
international pressure against Libya came from the G7 summit in
1986. Here, leaders issued a joint declaration pledging stepped-up
efforts against terrorism with particular emphasis on Libya.
Notwithstanding Libya’s attempt to justify its refusal to hand over its
citizens accused of the Lockerbie case, the U.S., Britain, and France
brought the issue before the U.N. Security Council.

The U.N. started tightening international sanctions on Libya in
January 21,1992 when the U.N. Security Council passed resolution
731, which strongly deplored the fact that "the Libyan Government
had not yet responded effectively to the requests to cooperate fully in
establishing responsibility for the terrorist acts against Pan Am flight
103 and UTA flight 772 and urged the Libyan government
immediately to provide a full and effective response to those requests
so as to contribute to the elimination of international terrorism. The
Secretary-General sought the cooperation of the Libyan government to
provide a full and effective response to those requests" (Katzman,
2003, p. 60).

The second U.N. Resolution 748 was passed on March 31,
1992 with a lot of fuss. At the time, this was praised as “the first time
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in the history of the international struggle against modern terrorism
that a broad multilateral coalition succeeded in imposing and
enforcing effective sanctions against a terrorism-sponsoring state
under the auspices of the U.N. Security Council” (Schweitzer, 2004,
p. 10). This resolution imposed a ban on all flights on the Libyan
airspace and prevented the operation of Libyan Arab Airlines offices
abroad, reduced the volume of workers in embassies including the
consular centers, banned the sale of some equipment for oil
production and supplies of arms and formed a committee of the UNSC
to oversee the implementation of these sanctions to review every 120
days.

In November 11, 1993, the U.N increased its sanctions on
Libya by the resolution 883, which included the freezing of Libya’s
assets abroad, and attended the import of selected equipment for
operations in the hydrocarbon sector, excluding sales of oil daily in
order to protect the economic interests of the countries of Western
Europe (Katzman, 2003, p. 65) with a note that all those resolutions
were made under Chapter VII of the Charter of the U.N. However, in
1996 The U.S. increased the economic pressure upon Libya by
imposed the Iran-Libya Sanctions Act (ILSA). “The U.S. Act sought
to isolate Libya further by penalizing foreign companies that invested
in the U.S. and invested more than US$40 million per annum in
Libyan or lIranian oil and gas industries, some observers saw the
specific goals of the ILSA at the time, suggesting that it was in part
intended to reinforce U.N. sanctions” (Katzman, 2003, p. 55).

The effect of Economic Sanctions

Over the decades, the sanctions on Libya imposed by the U.S
and the UN were in effect. The economic performance of Libya grew
relatively slower. After showing great promise in the 1970s when its
oil wealth boosted growth and per capita income, Libya’s economy
began to falter in the 1980s. Libya’s economic prospects steadily
declined throughout the 1990s, at least until the very end of the
millennium. Sanctions - both multilateral and unilateral ones -
contributed to this overall decline.

According to “an official assessment of the economic impact
of sanctions on Libya prepared under the auspices of the Libyan
secretariat for foreign liaison at the beginning of 1998, the cost was
put at about US$24 billion” (Niblock, 2002, p. 63). Furthermore, an
Arab league report, prepared in mid-1998 and covering the period up
to the end of 1996, put the figure at US$23.5 billion. The main areas
of loss, according to the latter report, were the energy sector (US$5
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billion), the commercial sector (US$5.8 billion), the industrial sector
(US$5.1 billion), the transportation and the communication sector
(US$2.5 bhillion), and the agricultural sector (US$337 million).
“Although these figures may represent accurate estimates of the scale
of damage done, the real effect was more complex and nuance and
cannot be conveyed by simple monetary figures” (Niblock, 2002, p.
63).

There are three ways to judge on the effectiveness of all these
unilateral and multilateral sanctions. Firstly, how much of what they
set out to gain was truly gained? Secondly, how much of an impact
did they truly have on the Libyan economy? Lastly, how did Libya’s
government react with them?

In terms of the demands and results, the U.N. made four
demands before sanctions can be lifted: (1) stop all suspicious activity,
including Libya's relationship with Irish Republican Army (IRA), (2)
agreeing to accept the responsibility of its citizens acts of terrorism,
(3) collaborate with the continuing investigations, including handing
over the two suspects and cooperating with French government in the
issue of the French airplane that destroyed over the Niger desert, and
(4) pay suitable compensation on the earlier acts of terrorism. In fact,
Libya already responded to all these U.N. demands. Indeed, such
cooperative behavior of Libyan government contributed a great deal
on the U.S. - Libya normalized relations.

In terms of economic costs, to understand the effectiveness of
sanctions in the Libyan calculus, one must look at their impact on the
target country in relation to their goals. Meghan O’Sullivan in her
book “Shrewd sanctions: Economic Statecraft in an Age of Global
Terrorism” offers useful tools and methodology to analyze the power
and effectiveness of different types of sanctions. Additionally, her text
contains an in-depth look at the Libyan case.

According to O’Sullivan (2003) “the U.N. sanctions of 1993
also banned the export of oil production equipment to Libya had an
immediate effect, as spare parts became unavailable. However, oil
production after 1993 only decreased slightly and then remained
relatively constant until 2003” (see Figure 2).
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Figure 2: Libyan Oil Sales “OPEC Revenues Fact Sheet” August 2009.

In terms of Libya’s ability to mitigating of the effects of

sanctions on the oil sector during the sanctions' period, according to
the Ahmouda Laswad the former director of Libyan National Oil
Corporation:
The Americans knew our equipment, and they placed every item on
the sanctions list. Then, when the U.N. embargo was imposed in
1992, the problem became even more complicated because we
couldn’t buy on the open market. Some machinery has been smuggled
in, but we’ve now used up all our stores. We’ve had to go to
junkyards to recondition discarded parts, and we’ve even attempted to
manufacture our own parts, but we haven’t been successful. . . Since
American companies are way ahead of Europe in technology,
especially in the enhancement of depleted fields, we need their help
(Quoted in Viorst, 1999, pp. 71-72).

Without a doubt, Libya was severely affected by the impact of
the U.S. and U.N. sanctions on all levels; economically, politically
and socially. Moreover, Libya’s economy has suffered from a dirty
blackmail process from international companies, especially in
neighboring countries. These companies took advantage of the
imposition of U.N. sanctions on Libya to reap from behind the huge
profits at the expense of the Libyan people’s livelihood.

In terms of the petroleum sector has suffered considerable
material losses as a result of the mandatory sanctions applied pursuant
to Security Council resolutions on Libya. Furthermore, the negative
repercussions have been felt in most of the vital facilities and
economic entities of that sector. The financial losses suffered by the
sector are in the order of US$3 billion.
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In terms of the industry and mining sector has suffered
considerable losses and other material damages in the sanctions’
period. The total financial loss resulting from these increasingly
adverse effects on all aspects of industrial development amounts to
approximately US$4 billion in addition to the considerable negative
effects of these sanctions, which have limited the capacity of
companies and enterprises in the industrial and mining sector to meet
the targets they have set for themselves; this has resulted in a decrease
in production and in the rates of utilization of production capacity,
which has forced the leaders in the sector to lay off a part of the
nation’s labor force and foreign technical assistance personnel; this
has meant the loss of many job opportunities both for Libyans and for
skilled foreigners residing in Libya.

Furthermore, since 15 April 1992, the implementation of the
sanctions under Security Council resolutions 748 (1992) and 883
(1993) has inflicted serious damage and caused major financial losses
in the agriculture and animal husbandry sector, These have affected all
companies and institutions within the sector, as well as related
development programs. Agricultural output and meat production have
fallen off markedly, resulting in financial losses estimated at US$6
billion
The Lifting of Sanctions

In her published study Dianne R. Pfundstein pointed out that,
“the UN sanctions against Libya unraveled by 1997 as many African
leaders called for their elimination and the Arab League voted to
unfreeze Libyan assets in Arab banks. In May, the U.S. administration
reached a deal with European leaders to lift some U.S. restrictions on
multinational corporations doing business with Libya, Iran and Cuba
and in mid-July announced that it was evaluating the possibility of
creating a special court in The Netherlands to try the suspects in the
Lockerbie bombing” (Pfundstein, 2011, pp. 28-29) according to
Pfundstein, “this signified a concession by the Clinton administration,
which had until this point refused to hold the trial in a third country,
although Qadhafi had claimed for several years that he would have
accepted such an outcome” (Pfundstein, 2011, p. 29).

In early 1999, Libya was attentive to foreign initiatives to
advance a settlement of the Lockerbie dispute, most notably the plans
proposed by South Africa and Saudi Arabia in coordination with the
UN Secretary General Kofi Annan. In order to achieve that, the UNSC
passed Resolution 1192 dating on August 28, 1998, “which decided
that the sanctions shall be suspended immediately if the Secretary-
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General reports to the Council that the two accused arrived in The
Netherlands for the trial, and that the Libyan Government would
satisfy the French judicial authorities with regard to the bombing of
UTA 7727 (St John, 2002, p. 175).

In August that year, “Libya accepted the proposal to try the
two suspects in The Hague under Scottish law. After intense
diplomacy involving representatives from Egypt, Saudi Arabia and
South Africa and UN Secretary General Kofi Annan, the Libyan
government handed over the suspects in the bombing of Pan Am flight
103 on April 5, 1999. Upon the surrender of the two suspects, the UN
suspended some sanctions against Libya, and reinstated both air travel
and the sale of industrial equipment to the countries” (St John, 2002,
p. 175-176).

In conjunction with the arrival of the two Libyan suspects to
Netherlands on April 5, 1999, the UN sanctions were suspended. The
main priority for the Libyan regime was to end the Lockerbie case and
thereafter have better relations with the U.S., despite the fact that the
UN lifted its sanctions on Libya in 1999, the U.S. did not stop its
sanctions. In 1999, “the U.S. administration refused to lift its
sanctions, arguing that Libya did not meet the full terms stipulated by
the UNSC, which required that Libya pay compensation for the
families of the victims of the bombing of Flight 103, cooperate with
the trial of the two suspects and declare an end to support of terrorist
activities” (St John, 2002, pp. 180-182).

But within the U.S., there was a growing awareness of
“sanctions fatigue” and pressures from the agricultural sector for
increased trade with Libya. The European Union lifted its sanctions in
mid-September, reportedly to reward Libya for abandoning terrorism,
but did not lift its arms' embargo. By the end of 1999, the U.S.
administration still refused to lift its sanctions, arguing that Libya did
not meet the full terms stipulated by the UNSC, “which required that
Libya pay compensation for the families of the victims of the bombing
of flight 103, cooperate with the trial of the two suspects, and declare
an end to support of terrorist activities” (St John, 2002, pp. 180-182).

Despite the U.S. refusal to lift all of its sanctions, relations
between the U.S. and Libyan regime showed signs of improvement by
the turn of the new millennium. “The U.S. opted not to block Libyan
participation in a UN mission in the Democratic Republic of the
Congo, a reversal of previous efforts to prevent Libya from
intervening in other African states. The Clinton administration
remained reserved, refusing to lift the travel ban on Libya at least
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through the trial for the bombing of flight 103, which got underway in
May 2000 at a former U.S. Air Force base in The Netherlands. During
the trial, Qadhafi publicly distanced himself from the accused,
asserting that the alleged bombers did not act on his orders”
(Pfundstein, 2011, p. 29) according to St John, “at the end of the
eighty-four day trial, three Scottish judges found only one of the
suspects, a Libyan intelligence officer, guilty of murder. The U.S.
welcomed the guilty verdict but still refused to lift sanctions until
Qadhafi complied with the remaining conditions stipulated by the UN,
including the payment of compensation for the families of the
victims” (St John, 2002, pp. 183-187).

By 2000, the Clinton administration thought that, “the
sanctions helped to drive Qadhafi away from the support of terrorism.
Although Libya was now one among a handful of states of concern
and no longer called a rogue state, the Clinton administration still
hoped to block Qadhafi’s ability to obtain weapons of mass
destruction, to take responsibility for the Lockerbie bombing, and to
cease opposition to the Middle East peace process” (St John, 2002, p.
189).

Accordingly, “the Clinton administration extended the state of
emergency towards Libya in one of its last official acts. Given the
erosion of the multilateral sanctions' regime and the failure of
unilateral sanctions and limited military actions during the Reagan
administration, the incoming Bush administration was left with few
sticks with which it could hope to coerce the Libyan regime”
(Pfundstein, 2011, p. 31). According to St John, “When the 1996 Iran-
Libyan Sanctions Act came up for renewal in 2001 Congress voted to
extend the act for five years on the grounds that a shorter extension
would send the wrong message” (St John, 2002, p. 191).

Despite this refusal to publicly work toward a thaw in the U.S.
- Libya relations, the Bush administration presided over Libya’s
shocking reversal on its WMD policy. In March 2003, Libya initiated
meetings with British intelligence officials at which Musa Kusa,
Libya’s head of intelligence, indicated that his government wished to
initiate discussions with the U.S. and Britain about terminating its
WMD programs. After nine months of diplomacy, on December 19,
2003, Libya announced that it would abandon and dismantle its
programs to obtain weapons of mass destruction and to grant access to
teams of international inspectors to verify compliance. These
inspections yielded a wealth of information about Libya’s clandestine
program to develop a nuclear weapon and suggested that limits on
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trade in technology severely hampered Libya’s ability to develop a

nuclear weapon.

Furthermore, the negotiations about the bombing of Pan Am
flight 103, and the Libya’s WMD programs occurred in conjunction
with negotiations about the lifting of the U.S. sanctions, reaching to
normalize the U.S. relations with Libya. Therefore, in May 2002, “the
Libyan government proposed the compensation for the victims’
families, offering each family US$10 million, for a total sum of
US$2.7 billion. The proposed scheme consisted of offering the first
US$4 million after the definitive lifting of the U.N. sanctions, another
US$4 million following the termination of U.S. sanctions, and US$2
million once Libya was removed from the U.S. list of state sponsors of
terrorism” (Labott, 2002). The offer was seen inadequate by the U.S
and thus making demands that Libya must take responsibility of the
Lockerbie case. The offer was then repeated by Saif al-Islam in an
article published in Middle East policy 2003:

Libya insisted on Washington stating, explicitly that following the
settlement; it will permanently lift the barriers to Libya’s normal
relations with the outside world. This applies particularly to the U.S.
itself. Libya must no longer be subject to an embargo. Its name must
be removed from the list of states that sponsor terrorism. Its citizens
must no longer be singled out for discrimination in obtaining
American visas (Al-Islam, 2003, p. 42).

At the end, Libya officially recognized in April 2003 the civil -
not criminal - responsibility of its citizens in the Lockerbie attack. In a
letter presented to the UNSC on August 15, 2003, Libya accepted
“responsibility for the actions of its officials” in the Lockerbie affair.
This resulted in the definitive lifting of U.N. sanctions after one month
by the resolution 1506 (Boucek, 2004, p. 5). For more explain how the
UNSC decided the resolution 1506 to lift sanctions against Libya.
This is a chronological list of significant events:

1. March 12, 2003, Libya agreed to take some responsibility for the
Pan Am bombing after US and UK assurance that the move would
not be used as grounds for legal action against the government.
Compensation of victims and acceptance of responsibility are
conditions for the lifting of UN sanctions. US deputy secretary of
state Richard Armitage stated, “We are in striking distance of an
agreement to lift UN sanctions. However, no one in the State
Department is talking about lifting U.S. sanctions. Our concern is
weapons of mass destruction. The UN's is Lockerbie” (Case
Studies in Sanctions and Terrorism, 2004).
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. August 13, 2003, Lawyers for the families of the Pan Am victims
and Libya signed an agreement on US$2.7 billion in compensation,
to be deposited in an account at the Bank of International
Settlements. The proposed payments schedule is closely linked to
the lifting of UN and US sanctions. Families will receive $4
million after UN sanctions are lifted, another US$4 million when
US sanctions are lifted, and a final US$2 million once Libya is
removed from the list of state sponsors of terrorism. In order for
families to receive the second and third installments, U.S. sanctions
must be lifted within eight months (Case Studies in Sanctions and
Terrorism, 2004).
. August 15, 2003, Libya submits a letter to the UNSC accepting
responsibility for the bombing of Pan Am flight 103 as a
“sovereign state accepting responsibility for the actions of its
officials.” Wording of Libya’s letter, carefully negotiated in talks
with the U.K and the U.S., ties its legal responsibility to the
employment of Megrahi, not to an admission of government
involvement. Fulfilling the remaining UN condition, Libya also
officially renounced all forms of terrorism (Case Studies in
Sanctions and Terrorism, 2004).
. August 18, 2003, The U.K submitted a resolution calling for the
lifting of UN sanctions. Secretary of State Colin Powell stated that
“the lifting of sanctions at the UN will not affect U.S. bilateral
measures, which will remain in place” (Washington Post, 2003).
France threatened to veto the resolution unless Libya offers larger
compensation to families of UTA bombing victims (Case Studies
in Sanctions and Terrorism, 2004).
September 12, 2003, “The UNSC formally lifted 11-year-old
sanctions against Libya after Libya and France reached a tentative
agreement on the UTA issue. France and the U.S. abstain from the
13-0 council vote” (Case Studies in Sanctions and Terrorism,
2004).

The Libyans saw this assumption of responsibility for the

Lockerbie case as a way of putting an end to the sanctions and attract
the U.S. to have normalized relations with Libya. As Abdul Rahman
Shalgam former Foreign Minister put it “the issue was not

compensation, but the purchase of the annulment of the sanctions”
(Aljazeera, 2004).

Bush however, only lifted some of the sanctions imposed on
Libya in the 22" of April, 2004. Those sanctions prohibited U.S

citizens to make and invest in businesses on Libyan soil. Eventually,
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most of the sanctions were lifted on 20th of September of 2004, when
President Bush Jr. signed Executive Order 13357, which announced
the termination of the national emergency with respect to Libya,
removing all remaining economic sanctions that were in place against
the country since 1986, where the prohibitions of the Libyan
Sanctions Regulations were lifted, and all property and interests
blocked under this program well be unblocked. In response, the U.S.
Department of the Treasury unfrozen US$1.3 billion in assets blocked
under the Regulations, which was blocked since the sanctions were
imposed.

In September 2004, the EU was influenced by Italy to remove

the arms embargo imposed on Libya. This came into effect on October
11, 2004. An Italian paper pointed out that:
It was in the EU’s interest to allow Libya to control efficiently its land
and maritime borders by allowing Tripoli to acquire the necessary
equipment to monitor its 2,000-kilometer coast, including naval ships,
monitoring aircraft, and night-vision goggles (Zoubir, 2006, p. 65).

On May 15, 2006, the former Secretary of State Condoleezza
Rice announced that the U.S. restored full diplomatic relations with
Libya. Consequently, on June 30, 2006, the U.S. formally rescinded
Libya’s designation as a state sponsor of terrorism after 27 years of
having Libya on that notorious list.

Conclusion

This paper examined and analyzed the role of the Economic
factors in the US -Libya's Normalized Relations in 2006. QOil and
sanctions were the economic factors that played an important role that
led to the U.S. - Libya normalized relations in 2006. The economic
relations strained between both countries because of the Libyan oil
policy taken in 1970s when the Libyan government nationalized
foreign oil companies that worked in Libya. The strained relations
increased during Ronald Reagan’s presidency in 1986 when he
ordered American oil companies to leave Libya. This withdrawal had
a dual effect on both sides.

Moreover, this withdrawal led to decrease of production
during this period. This was due to the lack of American technological
equipment that could be used for extracting oil and transporting it to
export terminals. On the other hand, It cannot be denied the role
played by the lobby made by the U.S. oil companies through pressure
on successive American governments in order to preserve their
previous privileges in Libya, trying to reduce the magnitude of losses
incurred in the last three decades where they were producing more
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than a million barrels a day before they withdrew in 1986. They took
advantage of the improvement of political relations between the two
countries, and went back to Libya. Moreover, the system of the
sanctions weakened the Libyan position by weakening the main
resource of the Libyan economy. It can be said that Libya faced two
kinds of sanctions (unilateral and multilateral) for three decades. The
objective of Libya foreign policy through this period was seeking to
lift these sanctions. Hence, it required hard work to dismantle the
causes for its imposition in order to get rid of its negative
consequences on the people and government of Libya. Hence, the
mutual interests of both countries, especially in the area of production
and consumption of oil led both U.S. and Libya’s decision-makers to
take flexible attitudes and take positive steps toward normalizing their
relations. This new cooperative political behavior, factored by the
economic gains led to the U.S. - Libya normalized relations in 2006.
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