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PREFACE

* In responsc 1o a request from the Government of the Hashemite Kingdom of
Jordan, the Government of Japan decided to conduct the Master Plan Siudy on
Elcctric Power Loss Reduction of Transmission and Distribution Networks in
the Hashemite Kingdom of Jordan :and cnlruslc_d‘ the Stﬁdy 1o Japan
International Cooperation Agency (JICA). | '

JICA scnt a study tcam led by Mr. Kunio Okawara of Tokyo Electric Power
" Services Co., Lid. to the Hashemite Kingdom' of Jordan four times from
~ February 1996 to March 1997. ' '

The team held discussions with the officials concerned of the Government of
the¢ Hashemite Kingdom of Jordan, and conducied related field surveys.
After returning to Japah, the tcam conducted further studics and compiled the

- final results in this reporl.

1 hope this report will contribute to the promation of the plan and to .
“enhancement of fricndly relations between our two countries. B
I wish to express my sinccre apprcéialio'n to the officials ¢oncerned of the

-Hashemite Kingdom of Jordan for their closc cooperation throughout the

study.

Maj"l99_7 L |

- Kimio FUJITA
President
Japan Infcrnational Cooperation Agency



May 1997

 Mr. Kimio FUNTA

President

Japan International Cooperation Agency

Tokyo Japan

Dear Mr. FUJITA,
- Lelter of Transmittal

" We are pleased to submit you the report on the Study on Electric Power Loss Reduction

" of Transiission and Distribution Networks:in the Hashemite Kingdom of Jordan, The'

report contains the advice and suggestions of the authoritics conocmed of the Government of

" Japan and your Agency as well as the formation of above mentioned study. Also inchuded
- arc comments made by the Minisiry of Planning and respective clectric power comp'mlcs in

the Hashemitc kmgdom of Jordan dunng technical discussions on the draft report which were

- held in Amman and Trbid.

~“This report presents a 10-year master plan for cleciric power loss reduction in the
transmission and distribution networks in the Hashemite Kingdom of Jordan. A consceutive

implementation of feasibility Sfud) is required for the ilhp]cmcmaﬁon of this _plan. ' _Wc_ tust
lhat rcahzahon of the plan will much contribute to rcduoc power loss.

~ n view of the urgency {0 1mprmc cnergy cfficicncy by power loss rcduchon in the
transmission and dntnbuuon nch.\orks and of the nced for socio—cconontic dcvck)pmcnl of
Jordan as a w’ holc, we recommend that the Govcmmcnl of Jordan implement this pkm asa top
priority. _ : |
We wish to lakc this opporlumly to c‘cprcss our sinceic gratitude to )our Agcncy the
Ministry of Forcign Aftam, and Miistry of International Trade and Industry.  We also wish
to express our decp graﬁ'tudc o the Ministry of Planning and other organizations concemed of
the Hashemite Kingdom of Jordan for the close cooperation and assistance extended 10 us
dring our invesligations and study. | '
. ' Very lmly YOUIS,

"--K@%MM

Kunio OKAWARA
“Team Leader _
~ The Study on Eleclric Power Loss Reduction of
Transniission and Distribution Networks in
the Hashemite Kingdom of Jordan
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o

': OUTLINE OF ll!F I'OR\IULATION OF TRANSMISSION AVD DIST RlBUTlO\I
POWER LOSS REDUCTION PLAN

1 Flbw_ of the Study

(1) - Present situations of transmission and distribution loss lhmﬁghbill J_ord:m

The transmission loss rate and dlstubulion loss rate in 1995 was 2.0 % and 7.4% rcspeclwely
‘and the total ne(wark loss was 9.4%, according to the annual report of NEPCO. The

: _measuremenl and calcolation of representative LV{Low Voltage) feeders were implemented

under this study for the purpo'sé of sorting out the distribution loss into the LV loss and the

‘MV(Medium Voltage) loss. - The result showed that MV loss rate and LV loss rale were as

2.2% and 5.2% respectively. These facts indicate that a large portion of the transmission and
distribution loss as the objective of reduction is taking place in the distribution systems

eépecially in the LV distribution systems.

{2) The systems chosen as objective of the studied

The JICA Suidy Team narrowed the study down Lo the power loss reduction in the LV and
MV distribution systems and proposed as a master plan, basing itself on the assumption that

any power loss reduction counterméasure should bring about justifiable economic benefits.
(3) 'The approach to the optimaum power loss reduction plan

Since there are nearly 20,000 LV feeders in Jordan, it is entirely impossible to study all of the
individual feeders. A sample study method was selected, therefore, for estimating the
potential of loss reduction in entire power system.

Firstly, 81 feeders from the LV system and 14 feeders from the MV system were selected as
*Sample-1" system.  Then they were minutely analyzed by means of software provided by the
HCA Study Team.  The celation between the feeder current, and cost of power loss

reduction were converted into a mathematical model based on the result of the above analysis.

- Secondly, this mathematical model had fo be applied to the entire power systems of Jordan,
' Two percent (2%) of the entire distribution substations in Jordan was selected by a random

sampling method. "The LV feeders which were connected to those substations, and all feeders

in the 33 kV system were chosen as sample-2”, Then the potential of feasible



countermeasures (wherein the benefit exceeds the cost) has been eslimated regarding the entire

relevant systems, based on the mathematical models.
(4) The priority order of the power loss reduction conntermeasuves

" The three kinds of loss :educuon countermeasures are 1mplemenled according to lhe prlorlly
order as shown below:
‘1) 'The reduction of the unbalanced current in the LV feeder is implemented as the top
priority, as it is effective in the loss reduction and does riol require any investment.

2) The power factor improvement in the system by installation of capacitors brings about

high investment efficiency (high B/C value). The instatlation is promoted within the limit of

nol causing over-compensation at the time of light load.

~ 3) As the above two methods will not yietd big enough volume of loss reduction, the plans of

new Jine construction should be considered in addition to these two methods.  Such plans

should be chosen, in principle, from those with bigger value of B/C.

- {5) Target fiscal years and annual allocation of the power loss reduction plans

The target year was set io starl from 1999 and to end in 2008, allowing two years: of

prcparalory penod after 1997 when this study will come (0 an end.

The work execuhon penod was fomwlaled based on the load conditions in 2008 and annually
dllocated along with the priority order of llcm ) above and takmg into account the scale of
benefus averagmg of work volumes and olher condmons o

(6) Setting of alternative countermeasure plans -

With regard to the potential of the overall pdwer systems in 2008 obtained in ltem (3) above,
94.1 MW of power loss is estimaled to be reduced with the net cost of ID 635? mllllon
excluding pnce escalauon and so forth 'l‘hc a!ternatwe ‘plans A B C, D and E were
formulaled on the bas;s of lhls polennal '

D



* 2. QOulline of the Plan

The outhine of the five alternative plans are as listed below:

Alternative plan i B-| ¢.|: D E

Capacitor installation Capacity(¥VAY | -~ 194 ¢ 19 191 191 191
LY new line construction |[No. of feeder | 1,533 1,989 2.599] :3.881] 6,248
NV new line construction No. of feeder 0 9 - 15 22 40
‘Total cost(1040 JD) for 10 years | 20,0001 30.000] 40,000] 50,000} 63,570
‘Power loss reduction(¥¥) in 2009Y 48.0) 61.0f - 73.5] ~84.8] - 99.0.
Energy loss rcduction rate to gencration(%}| - 1.8 2.3 28 3.2 3.8
Estirated network loss rate|¥ithout : 0.2 81 82 1.8 7.2
to generation(%)  |project 11.0% | . : :

: Mcanwh.ilc, the eslimated network loss rate of 7.2 % of the pla.n E is deenied to be the vittually

‘optimum power loss ralc.

3. . Economic Evaluation and Financial Analysis

Accordmg 1o the results. of economic and- fm'mcml analysis, all the Altcmalwn works are
feasible both in the economlc and { mancaal vicwpoints,

Lva_lu_auon values of five altermalive plans are listed below.

. Summary of Results of Economic and Financial Anatyscs |

© Alternative Plan | A - ¢ | b | E
_Economic | BIRR | 24.91] 20.08] 1780  16.45| -15.04
" Bvalvation| B/ | Lesl 183 1.45 L3t 123

B-C (100010 | 1,155 - 10,687 10,195 9,604f 8. 142

Financial FIRR - 1573 12. 80 11.36 10,33  9.27

| ‘Evaluation | Net surplus | ~ 98, 820 0, 27l 134, 097 145, 068| 154, 896
(1000JD) BT |




4, Recommendations

The alternative plans proposed in this Study are highly significant in climinating
the waste of valuable natural resources and reducing environmental pollution fiom
a global point of view. Also from economical and financial point of view, these
plans are so excellent as to cohtribute sig.nificantfly in improving the economical

structure of the nation and financial situation of the respective companies.

Out of the five alternative plans, the Pla:n: E is recommended to be adopted by
Jordan power sector, “since this plan certainly makes it possible te realize an
optimum power loss rate in Jordan, and will biing the latgest net benefit among

the five plans

The fo]ldwihg items should be con_sidéred for execution of loss reduction project.

(1) The il]]plOVEl‘!‘lEllt-Of the three phase unbalanced current i's'xecoinmended to be -

executed at the VEIY beginning, regar dless of fmancmg from cmtsnde as it does not

require any mvestment

- {2) In the second pléce._ the i_niprovemeht of power factor by inst'a.ll_ing capacitors in

the LV system is recommended to be executed by self-financing or local bank loan,

becanise it is executable with a low investment of less than one million 3D.

- (3) The quantity of loss reduction by improvement of the flwee‘-pha_se unbalance
current and impi'ovémént of power factor is not sufﬁéiént. " 'The loss rate in 2009
‘will certainly increase by the load growt‘n if no additional countermeasures are
adopted. New line construction countermeasure is recommended to be executed,

because it is mdlspensable to realize loss 1eductlon throughout Jordan.

A Iarge amount of investment and a ]arge’irdlumé of work for feasibility study ave
required for execution of this countermeasure.  Besides, efforts to obtain loans '

from foreign coun_tlries‘ m@ alsa be required. The outline of schedule of feasibi_litj
study and construction work is proposed as the table shown below.



“Qutline of Schedule for the Program

Year T T2 73 T4 5 [s [7 89w [t |12

F/S

4@ : Designing

Construction

F/S

Designing -

Construction

A

o _l)esigning :

-|Construction

@, _ ____..... The work and Ieasib'i'lily sludy by Jordan power sec,lor.
2 Consullanl - ' '

- (4) For s_m_ooth and efficient execution of loss reduction programi, development of
- small capacity LV capacitor and study for high conductance. line stich as multi

circuit line, big size conductor line or multi conductor line are recommended.
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'CHAPTER 1 INTRODUCTION
L1 Backgrotind of the Study

In the Hashemite Kingdom of Jordan, the majority of poweér gencralion and transmission is

- undertaken by the National Klectric Power Co. (hereinafter referced o as "NEPCO") {which
- was renatnied and teorganized from the Jordan Clectricity Aulho_rily'(JEA) on Se;iiember 1;
! 1996, and. power distribufion in the areas olhefr_ than the’ supply areas of NEPCO are
* undertaken by two private eléét(ic power companies [Jordanian Eleciric Power Co. ('h'ere:i:naﬂ'eri
“referred to as "J EPCO") and Irbid Diélricl Electricity Co. (hereinater referced to as “IDECO"). -

Both of the private power companies purchase electric power from NEPCO and s'upp!).r' it to

their respective consumers. The supply areas of JEPCO are Amman, the capital city, Zarqa

‘and Balga Governorales (districts), while those of IDECO are both the Irbid and Mafraq

Governorates (districts).

The total installed capacity of power soutces in Jordan as of the end of 1995, is 1,167.3 MW, of
which 1,048.8 MW or roughly 90% is shared by NEPCO. This is followed by 112.5 MW of
non-uiility- and municipality, and 6 MW of IDECO. In view of the power source
configurations, 60% is occupied by oil-fired thermal (sicam) power source, followed by 31% of
gas turbine power source and 9% of diesel power source. The share of hydro-eleciric power
source does not reach even 1% of the total. Moreover, a very small scale wind power

generator (300 KVA) is also in operation.

The peak load recorded throughout the country in 1995 was 894 MW (The peak load in the
NEPCO's power system increased by 8.6% to 862 MW from the previous year).

The power consuniplion has consistently shown steady increase, and marked 4,778 GWh in
1995 roughly doubling the ﬁg'urc in 1986, at a high annval average growth of 8.3% during these

ten years’ period, although the increase rate of electric power demand in the country slowed

“down to even as low as 1.7% from the previous year reflecting mainly the effect of the Gulf

War in 1991,

iThfa ten years' avﬁerage_:atc of transmission and distribution loss in Jordan belween 1996 and
1995 has been 9.4% . When viewed in blocks of [ive years, the average loss was 8.8% during
- the first five years with the help of a one-tirie record low of 7% level. However, the average

loss increased to 10.5% during the latter five years, reflecting the demand increase.
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When the present transmission and distribution loss rate of 10% is compared with that of other
countries, this rate is found higher than that of some countries but also lower than that of other
countries as well.  If the level of the power loss is classified into three groups, that of Jordan
" can be said to belong the intermediate group. It cannot necessarily be said that the
transmission and distribulion loss in Jordan is remarkably high, considering that the density of
power demand in Jordan is roughly ‘one-fiftieth (1/50) of that in Japan. However, it may
' 'raiher be said that a more serious problem lies in the fact that the rate of transmission and
distribution loss is recorded more or less 10 % every year since 1989.  Which is a constant
increase by nearly three point from the past good result of 7% level before 1989.  This trend of

increase is assumed to prevail in the future as well.

The reduction of power loss is a Qery important task which leads both to the future

improvement of the efficiency of energy consumption, and saving of construction cost of power

plants and also devclopmc'nf of power sources in Jordan. The Government of Jordan has made

- an official request for Ihc mplemenlauon of this Sludy from neccssny of clarifying lhe Causes

“of such power losses, recewmg recommendanon of the method of its mlprovemem and
acquiring relevant technical knowledge and know how of Japan through the training of the

staff of power utilities in Jordan.

cInc response 10 this rcquest “the Govemmem of Japan, through the Japan: Inlemalmnal
' Cooperauon Agency (JICA) has determined the implementation pl'm of- this Pro;ccl after
dlSpatchmg a preliminary sludy team m !Uly 1995, discussing wilh relevant local authorities
regarding :mplemenlauon of this pro;ect carcying out. f:eld survey and collect data and

‘information.

On August 5, 1995, the JICA Preliminary Study Team and JEA reached an ag‘reenienl on "the

Minutes of the Meeting (M/M) pertaining to Reduction of Electric Power Losses in Jordan”,

Further in November 1995, JICA dispached a pre-study team (o the site to confitm the terms of

reference, ihe scope of work and the schedule of inaih Study and to review the methodology of
the Study through discussions with the local authorilics concerned. On November 26, 1995

the JICA Pre-Study Team and JEA reached an agreement on “the Scope of Works (S/W) and

Minutes of the 'Meéling (MfM)'conceming the Reduction of Electric Power Losses in the
~‘Transmission and Distribution Networks in Jordan", '
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The Government of Japan has decided, basing on these  S/W and M/M, the fellscale
implementation of this plan and entrusted this study work to the JICA. '

1.2 Contents of the Study

" 1.2.1 Objectives of the Study

The objectives of this Study are: -

- 1) to provide countermeasures and recommendations for reducing the power - loss in the

transnnssmn and distribution network down to a level reasonably attamable for the purpose of -

* improving the energy efficiency of Jordan and sparing ¢leciric power equipment in the Iong

mun,

1 2) to carr'y out the transfer of lechnology to the Jordanian counterparts conicerning the

 formulation of lrans:mssmn and dlsmbuuon power loss reduction plan durmg the schcduled _

penod of this s(udy

122 Scoi}e of the Study

The areas relevant to this study_aré the eledric_ power supply areas of the NEPCO, JEPCO and
“IDECO. The power losses (0 be studied are the following technical pawer losses, excluding

“the a’uXiliary consumption in the power stations:

. (1) Power loss in trans:mssnon lme (132 kV)
@) Power 1oss in subslahons (132!33 kV, 33/11,6.6 kV; 3”: 11, 6. 6/0.415 kV)

(3} Power loss in distribution sysl_em (including 33, 11, 6.6 and 0.415 kV lines)

The kind of this study are those that have been carried out to reduce the power losses in the
teansmission and distribution networks in the relevant smdy areas o a reasonably attainable

‘ leve! within'a target penod of the coming len yeats.

" 123 Ttems of the Study

The contents of the study are those as described in the Scope of Work and featured by - -
formutation of a ten-year plan for reducing the power losses in the transmission and distribution
networks of the NEPCO, JEPCO and IDECO. '



Seminars have beén held three times during the field investigation period in Jordan for the
porpoise of transferring technology for a wider range of the senior executives of Jordan to

recognize the methodology of this study and the imporlance of executing this project.

In response to the r'c'quesl of the engincers of NEPCO scheduled to visit Japan to follow up the
“power loss reduction plan, the items deemed important for technology transfer to local

counterpart have further been inCOrporéted into the study items. -

“The study itenis are as presented below:
(a) - Collection, anajysis and sludy”of data and information
- (b} Sile survey _ _
(c) ~ Investigation of the situations of electric power industry in Jordan
(d) Analysis of the present situations of power system
- (e} * Execution of power measurement work
(f)  Clarification of power Iosses_ and anal ysis of the causes thereof
() Estimation of transmission and distribution costs and equivalent cost of power losses
' (h) - Development of power loss reducticn model |
(i) Formulation of opumum power loss reducllon plan
(_]) Economic and fmam:ial analys;s
(k). :Study of fund-raising mclhod
:' (Il) T echno}ogy transfer

1.3 Aciiviﬁes of the Study Team and Relevant Personnel in J'ordaﬁ ﬁ
1.3.1  Aclivities of the Study Tean in Jordan

In l‘ebruary 1996 through to March 199? the HCA Study Team has exccuted lha followmg

activities:

The first ﬂeld mveshganon habruary 24,1996 ~ March 27, 1996
. Explanauon of the Incepuon Report.
!nveshgahon of the situations of electric power mduslry
Collection of basic dala_and information for estimating electsic power supply
Study of the method of cl'ari_fying the causés of power losses
Preparation of the measurement work schedule
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Study of the specifications, quantity and procurement methods of equipment and materials

to be procured

The second field investigation : June 17, 1996 ~ October 15, 1996
Meeting prior to the measurenient work '
Execution of the measurement work

< Cl'arification of power loss

+ Analy31s of the causes of power loss _

: . Estimation of the cost for implementing counlermcasures

* + Calculation of long run marginal cost of power generation
Gstimation of the benefit of loss reduction countermeasures
Formulation of the benefit and cost model
Development of loss reduction model
Prediélion of power loss rate

< Hol'din_g ofsc'minars

ihc lh:rd field investigation : November 22 1996 December 20, 1996
- - Explanation and discussion on the Intenm Report
‘Review of the reasonable rate of power l_oss ]
. Form_uléﬁon of optimumn po.wer loss reduction plan
- Econo’niic and financial analysis
Method of fund procurement

Holdmg of semmar .
The fourth field inv’estiéaiioﬁ : March 3, 1997 ~ March 17, 1997
prlanatmn and discussion on the Draft Final Report

Preparahon of the Mmutes of Meenng

Iloldmg of scmmar
132 List of Participants

“The members of NEPCO, JEPCO, and IDECO and the JICA Study Team involved in this study

" are as listed below:
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Ministry of Planning
Mr. SALEM O. GHAWI
Mr. NAEL J.H. AL HAJAJ Ph. D

NEPCO |
Mr. M. S. ARAFEH -
Mr. MOHAMAD AZZAM

Mr. NIAZI MUSA
Mr. MAJED QAWASEMEH

* Mr ALL Y. AL-ZUBI
* Mr. FALAH ABABNAH
* Mrs. REEM HAMDAN
+ Mrs. SUHA QOUSSOUS
* Mr. KIALIL BADER
Mr. ABVZEIDNABIL

JEPCO o
'Mr. MARWAN BUSHNAQ

.~ Mr. JUDEII

* Mr. REYAD KALIDY

* Mr. ANWAR ELLAYAN

~IDECO

Me. ABDEL RA’UF M. SHEIKH
Mr. S. OJAILAT
‘Mr. AHMAD THAINAT
Mr. ABDULIAH JABER

* Mr. JEHAD ROUSAN
Mr. MAZEN MARM
Mr. WALEID BATAYNEH
Mr. AL1 SHAMALLY

The marks * are shown Jordanian counterparis.

Assistant Secretary General

‘Head Officer- Bilateral Division

Director General

Chief Engineer

Technical & Corporate Planning
Technical Planning Manager

 Chief Engineer

Distribution Division

* Load Research & Managemeat Section Head

' _Eletlric Planning Engineer

Distribution Department  Electrical Engineer

* Electeic Planning Engineer

~ Electric Planning Engineer

National Control Ceater

" Director General .~ .
- Assistant Direclor General
“Technical Department Manager

Electric Planning Engineer

Director General -
Planning Manager

© Area Manager
- Construction Manager

Head of Planhing Sec_tion

‘Head of Design Section -
‘-Head of Studies

Head of Melérs
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JICA Study Team

Mr. KUNIO OKAWARA Team leader/Power lnés Reduction Plan
Mr. TAKAQ NAKAMURA Optimization Model |
Mr. KATSUHIRO MUKALI " “Transmission and Distribution Equipment
Mr. TATSUHIKO MURAKAMI Power Measuring -

. Mr. YOSHIAKI ISHFZUKA ‘Econoiic and Financial Analysis

JICA Head Office | o

* Mr, AKIHIKO HOSHINO Administrator -

1.4 Grant ofE(juipment and Materials

“The Sludy Team procured the load analyzers and clamp CTs during the Second Site S‘un.cy in
Jordan, and used these mslrumenls for power nigasurement, Al the same time, the Study
“Team purchased personal computers and uscd them effectively for calculation of power losses,
technology transfer and other purposes. Meanwhile, all the 'measuleme’nl instuments and
computers procuced lhen were granted by ]ICA to the Jordanian side when the Forlh field

investigation ended.

L5 _Prepm‘a(ion of Software

T he Study Team used the power loss calculallon softwarc and the analys:s soﬂware dcveloped
by Tokyo Electric Power Services Co.,, 11d. (TEPSCQO). This enables easy calculation for
analyzing the powér loss and preparing the power loss reduction countermeasures.

The Team granted the end-user's licence of this software to the Jordanian parties so that the

local counterparts can use il also after l:om_pl_elio'n of this Study.
1.6 Training of lhé Colint_el'parlé :
In order for the NEPCO counte:parls to follow up the power ‘loss rcducuon plan durmg this -

study period, the training of the counterpar!s was carried out in Japan as follows, mainly lellmg
them participate in lhe joint work for preparauon of lhe Interim Report:
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. Parlicipants : -_Nir.':\li Yousif Moh'd Al-Zubi-
Mr. Falah Qasem Afiad Ababnah
Period : October 20 ~ November 17, 1996 (29 days)

1.7 Seminars

The Study Team hcld 1hree times of semmars in Jordau for the purpose of promo!mg

technology transfer to the relevant parties durlng this study period as fo1lows

(1) The first seminar

The first seminar was held at the NEPCO's head office on August 20th, 1996 and at the

IDECO's head office on August 21, 1996,

Mainly for the purpose of exphaining the outline of this study, clectric power loss :analysis

model and economic evaluation as well as for introducing the oulline of the power facilities of

the Tokyo Eleclric Power Co., Inc. {TEPCQ) and actval examples of the trend of power loss -

reduction of the TEPCO.

() The second seminar _
The second seminar was held at the NEPCO's head office on December 14, 1996.
The main theme of the seminar was the outline of this study and the conlents of the Interim

Report as well as a case study of economic and financial evaluation.

(3) Thethird seminar
The third seminar was held at the NI:PCO's head offlcc on March 12, 1997.
The main theme of the seminar was the outline of this study and the contents of the Draft Final

Report.
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CHAPTER 2 SOCIO-ECONOMIC SCENES OF JORDAN
2.1 "~ General
2.1.1 Geogmphicai Features and Location of Study Area

“The official name of the nation is the Hashemite ngdom of Jordan in English {heremaﬂer referred |
to as “Jordan”).  The capital city of Jotdan is Ammap “The area of whole nation of Jordan is
89,342 kr_n’ including the desert of about 80 %, the Jordan valley area and the its Eastern bank area
bounded by the Jordan river: inclu'ding the Dead Sea of the érea of 557 km’.  There are 2
mountainous ranges from about 600 m to 1,(}00' m high laying down along lhe_]ordan river. The
area between these 2 mountainous ranges form the grealésl rift valley in the world named the Jordan
* valley which elevation range from 200 m to 340 m below the sca level.  The capital city Amman is
located in the eastem hilly land elevated ranging from aboul 700 m to 1 ,100 m above sea level.
The mountamous area conlinues 1o the Eastem deserl located in its hmterland Jordan has only |

| one sea pori of Aqaba (al Aqaba)
212 Governmental Organization and Admin_isin"atidn Silﬁalioﬁ_

' Under His Majésty the King with the Vice of King, there are the Royal (Joun the Council for the
King, the Parliament House, and the Cabinel of the Govemment. The Cabmel of the Go'. emment
* headed by the Prime Minister orgamzes several ministries. Asof 1994, there are 26 mlmslnes as
'shown in Appendlx 2.1, A state owned electric enterpnse named as the National Electnc Power
Company (NEPCO) { former calted as the Jordan Elcctricity Authority (JEA) is belonging to the

Ministry of Encrgy and Mineral Resources.

Jordan has 12 govesnorates a§ Amnan, Zarqa Balga, Madat;a Mafraq, Irbid, Ajtun; Jarash, Karak,

- Tafiela, Ma’an, and Aqaba. "Under these Govemorales, lherc are 20 Districts wh:ch have 36 Sub-
disticts. The name of administeative unit, Nahias (52 Nahias | in total) are belongmg to these 'Sub '
" districts.  Under these Nahias, there are 1,241 smallest admmlsiratwe units callcd as the qnty, _lhe

town and the villages.
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2.1.3 ° Fiscal Year

The Government of Jordan is using a fiscal year ending 31st  of December.  ‘Therefore, years
indicated in this study arc from 1sl of Janvary in a calendar year to 31st of December in the same

calendar year unless otherwise mentioned.

22 - Population and Labor Ferce
221 Population

Jordan has conducted a Population and Housing Census in 1994. - The report is not finalized yet as
~of August 1996; but there is a temporary report on it According to  statistical data and
information from _lh'e Departiment of Statistics on that Census, the tolal population of Jordan was

4,134.5 lhdusénc_l with its'po'pﬁlation density of 46 persons per km® as summarized below,

© fable2.2-1 Aveaand Population by Governorate

* As of 1994

. : . ‘Area - . Population - Households (HHs) Population
Governorate - ' ' "~ Nos.of HH - HHs' size ~ densily
3 ' (km%}: . (persons) - (houscholds) - (personsfIIH)  (personskm’)
Amman L 8,231 " 1,574,809 279,701 . 563 191
Balga 1076 280537 43618 - 643 261
Z1q4 . L4080 0 640094 100,713 - 636 157
‘Mabada 208 103,183 . 16400 629 R
Tbid 1,021 74779 118,472 631 461
Mafraq - - 26435 - 178856 24,974 7.16 1
Ajlun - 412 94,548 14,853 637 . 229
Jarash 402 123,190 18,721 6.58 306
Karak 3217 - . 169,710 o 26333 - 645 53
‘Faficla 2,114 62,783 9,585 6.55 30
Ma'an - . 33163 0 79,670 © 12,149 656 2
Agaba " C 6,583 S 79839 713,740 $.81 S 12
CTotal o 89,342 . 4,134,458 79,259 609 )

So'urcc'; Stalisti_car‘fear Book 1994 and information by Departmerit of Statistics.

_ _ "fotal nﬁn".lﬁe‘_r“of households were around 679,000 and the average family size was 6.1 persons per
houschold as shown in the above Table. Detail is shown in Appendix 2.2, Here, the population
in 1980 was around 2,215 thousand, so a population growth rale was quite high as 4.49 % per

annunt as shown in Appendix 2.3.
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222  Labor Force

Present labor force was amounted as 859 thousand persons with around 51 % of share rate engaged
in social and administration services in terms of economic activities.  Among the other share rates
in productive activities, the highest one was trading activities as 15 % to the total labor force, the

second one : mining and manufacturing as 11 %, the third one : construction as 7 %.

The share rate for the agricultural activilies was as low as only 6 % 1o the total labor force, the Sth
one, which seems to be reflected a nation’s geographical characteristics. ~ About 80 % of the
nation’s land area is the desert as mentioned in previous sub-clavse, and the arable land is only in
Jordan valley area. '

A situation of labor force in Jordan by major economic activilies and by occupation groups is shown
in Appendix 2.4. ' '

23 General Economic Featuves

231 . Gross Regional Domestic Products

Gross domeéstic pr(}ducl (GDP) in Jordan is shovﬁm in Appendix 25 by current price léve!, and 1985

 constant price level for last S years since 1989, and they are suminarized in Table 2.3-1
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Table 2.3-1

Summary of GDP

As of 1993 (Million JDs))

Al current prices At 1985 constant prices
* Econontic activity Share  Annual Share  Annual
No. GOoP rate  growth GDP rate  growth
. (@) __rate(%) (%) __rate(%)
A Industry of origin _
* 1 Agriculture, hunting, forestry and fishery 1933 507% B44% 1543 ' 646% . 553%
*2 Mining and quarrying 1059  280% -8.50% 474 199% -1154%
3 Manufachiring 2713 1N21% 1381% 2619 1097%  639%
4 Electricity and water 789 206% 10.55% 6.1 2381% 084%
5 Conslruction 2837 144% 29.30% 1140 0 729%  19.25%
¢ 6 Wholesale and relail lrade, restavrants and hotels 372 832% 15.10% 824 345%  1.68%
" 7 Transpott, storage and communications 4871 1278% 7.92% 2899  12.14% 033%
8 Finanoe, insurance, real estate and business services 6227 1634% 10.76% 4409 1847% 4.9:%
9 Community, soctal and personal seivices ' 888  233% 1813% 506 2.12% 14.15%
10 Non monelary lerms 6753 17.72%  11.13% 4864 2037%  5.12%
Total 32810 8608% 1095% 20550 B60S%  448%
- Less : Impuléd bank service charge 664 -1.74%  4.68% 416 -L74%  -145%
GDP al faclor cost ' 32146 8434% 11.10% 20134 8434% 4.62%
+ _ Indirect baxés Iess subsidics 5968 15.86% 2219% 3B 1566% 1561%
GDP al procucers prices 38114 100.00% 12.59% 23872 100.00% - 6.02% -

Source:Statistical Yearbook 1994, Department of Statistics of the Hashemile Kingdom of Jordan, October 1995.

According o the above mentioned Table, an economic activity group of finance, insurance, real:

estate and business services is the highest contribution factor to the GDP as 16,3 % in share rate in

current pribe level and 18.5 % in 1985 constant price level as of 1993, while the second contribution

 factot is the group of transport, storage and commumcanon as 128 % in current price Tevel and

12.1 % in 1985 constant price level. © The manu factunng group is the 3rd one, and the conslrucuon

group is the 41h one both in current price level and in 1985 constant price Ietel.
232 Government Finance

In 1990 and 1994, the Government finances of Jordan amounted to 3Ds, 938 million and JDs. 2,059
million in_révenue and J_Ds.. 1,033 million and JDs. 1,437 illion in expenditure with their rise rat._es:_
of 22.30 %'and 8.61% per an'n(:m reépeciivcly as shown in Appc_ridix 2.6,and sﬁmmariz_ed in Table
' §3-2 Compah'ng' with the growth rate of expenditure, that of revénue was quite high for these 4
. years since 1990 A faclor for ﬂhis high rise in revenue was indirect tax revenues, espemaily the

- fees for licenses acoordmg tothe sald Appendnx 2.6.
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Table2.3-2  Goveinment Finance

(Million JDs)

_ Average anaval

Revenuefexpenditure 1990 1994 growth rate (%)
Revenue 0382 20987 2230
Expenditure 1,0326 14371 . 861

Surplus/deficit -94.4 661.6 -
Source : Statistical Year Book 1994, Department of Statistics.

233 External Trade and International Balance of Payment

In 1967 and 1994, the trading amount of Jordan amounted to 3Ds. 11,327 thousand and IDs.
995,181 thousand in export and ¥Ds. 55,048 thousand and JDs. 2,362,583 thousand in import as
shown in Appendix 2.7. ' In Jordan, the balance of extemal trading was constantly minus side since

1967. It means that the amount of impott was larger than that of export.

The capi:tai:aCCouml was decreased during 4 years since 1691 which shows the highest amount of it, .~ -
So that the overall balance was fluctuated between ceedit side and debit side during these 5 years
from 1990 as shown in Appendix 28. Asummary of the inlelnaiional balance of payment in cash.

basis is shown in Table 2.3-3 below.

" Table2.3-3 International Batance of Payment in Cash Basis :
L S | R (Million JDs) _
“ltemof : © 1950 _ 1991 1992 - 1993 . C1994.

. account " Credit Debit: Credit . Debil - Credit - Dedit  Credit ~ Debit Credit_ Debit

" Net current Acc. . 1482 269.0 . 5206 CAse 1762
Net capital Acc. 3539 L7332 4837 106.6 _ 204.6
Overali balance 2057 464.2 ' 369 - T 2184 284

Source : Monthly Statistical Bulletin Vol.31 No.12, Central Baok of Jordan.

The lo:al'expoi(s and imports by broad economic category is shown in Appendix 2.9, and

 summarized as shown in the following Table 2,34

Among the exports, chemicals were the 'highesl' ambuni ékpo’ﬂcd és_ over 26 % in every years
" since 1990, and the second ones were crude materials, inedible except fuels‘aS around 21 % fn the: ”
same period.  And the third ones were food and live animals as acound 9 % or more during the
same period also.  The main export commodities were 'p'ho.sphates, potash belénging lo the crude
materials and, medicaments and fertilizers belonging to the chemicals which they indicated their

share of around 9 % respectively to thie total expoit amount as of 1994 as shown in Appendix 2.9.
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Table 2.3-4  Exporis and Imports in Jordan

7 (Million JDs)
Exports Annual
and 1990 1991 1992 1993 1994  growthrate
imports {%0)
Exports 706 768 830 864 994 8.93

_Imporis 1,726 1,712 2215 2456 2364 8.18
Balance 1,020 944 -1385 -1,592  -1,370
Source : Monthly Statistical Bulletin Vol.31 No.12, Ceitral Bank of Jordan

On the other hand, machinery and iransport equipment were the highest imported amount as 25 %
" or more 10 the total jmported amount as of 1994.  The second ones were manufactured goods with
sharing as around 18 % in 1994.  Furthermore, the third ones were the food and live animals as
17 % or more as the share rate to the total impori amount in 1994. The main import commodities

were electrical and non-electrical machinery, and transport equipment and spare-parts belonging to

" the machinery and transport equipment which they indicated their share of around 15 % and 10 %

respectively (o the total iniport amount as of 1994 as shown in Appendix 29,

24 : Industrial I’ers.péclive
241 Socio Economic Features

-As mem:oned m aforemenuoned clauses, 50 % or more of people engaged as workers and lhey

were workmg for social and adnnmstrauon services in Jordan, and Jordan has GDP with a lngh '

share rate of producers as around 19 %, finance and insurance, rcal estate and business services as

18 %, transpor, storage and communications as 12 % and manufacturing -as 11 % in tenus of

industry of origin as of 1993 at 1985 constant price as showa in Appendix 2.5.

Atthe v:ewpomt of the mtemauonal lradmg, chemicals represemmg as medlcaments and fertilizers

isthe highest exported amount 2s 26 % or more, and crude matedials répresenting as phosphates and

B pc_)tash is the second exported amou_nt as21 %. DBothof these tv.o_ industrial categories have shared

* almost half to the total export amount.

On the other hand, both of two industrial categorics as machinery and leansport equipment and

manufactured goods have shared around 40 % or more to the total import amount,  And, during
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- these 27 years since 1967, the import amount excecds the export amount with ro exceplion as

meationed in previous sub-clause.

Furthermore, the arable area in Jordan is 6nly in Jordan valley.  Considering these situation, almost

all of the people in Jordan depend on mining, quarrying and manufacturing industrics for their

" economic activilies at the present.

242 Industeial Production

As. shown in Appendix 2.10, phosphate and po(ash;belonging (o the mining and quarrying were

o produced at 4;461 thousand tons and 1,364 thousand tons in 1991, and 4,984 thousand tons and

1,780 thousand tons in 1995 with annual growth rates of 2.81 % and 6.88 % respectively.

In nmanufécluring, textiles were produced at 1,084 thousand yards in 1991 and 1,745 thousand yards
in 1995 showing the highest grov. th rate of 12/64 %.  Among the oiher manufacturing activities, _'
pelroleum products show a hlgh product:on comparmg wilh the others as 2,307 thousand tons in

1991 and 3,101 thousand tons in 1995 with annual growth rate of 7.67 %.  Cement has also shown

rather high proddction as 2,752 thousand tons in 1991 and 3,162 thousand tons ih 1995 with growth
"rate of 3. 45 % per annum.  Fertilizers show too a hsgh grow[h ralc of 4.90 % per annum from 602 '

5 thousancl tons in 1991 and 729 thousand tons in 1995

243 Agricultural Production

Arsble area in Jordan is only the Jordan valley as mentioned in previous clause.  Using this area,

people cultivate several kind of plants as field crops, vegelable&, énd froits.  During past 6 years,

- however, their production were drastically decreasing, especially field crops included wheat as they

use as main cereal food material,

 Production volume of wheal, barley, tobacco and léntil$ were 78.8 'l:housahd_ tons, 44.9 thousand” :

" tons, 3.7 thousand tons and 6. 5 thousand tons in 1988 émd 46.9 thousand tons, 274 thousand tons,

1.5 thousand tons and 1.4 thousand tons in 1994 with rates of -12.17 %, -11 62 %, -20.21 % and -
31.88 % respectively decreased annually



- Among the vegel'ables, tomatoes, cauliffower and cabbages, and melons were increased from 218.7
thousand tons, 33.6 thousand tons and 87.0 thousand tons in 1988 to 438.7 thousand tons, 51.8
thousand tons and 145.2 thousand tons in 1994 with annval growth rates of 19.01 %, 11.43 % and
13.66 % respectively.  However, eggplant and cucumbers were decreased from 72.9 thousand tons
and 68.0 thousand tons in 1988 to 37.9 thousand tons and 35.1 thousand tons in 1994 with the
annual rate of -15.09 % and -15.24 % respectively.

" On the other hand, among four fruit trees, only banana was decreased fromi 33.3 thousand tons in

- 1988 10 24.7 thousand tons in 1994 with the anaval rate of -7.20 % pef annum.  Other three fruits

. as olives, grapes and citrus fruits were increased i‘ rom 10.70.8 thousand tons, 21.5 thousand tons and
101.3 thousand tons in 1988 {0 94.1 thousanrd tons, 20.4 thousand tons and 150.7 thousand tons in
1994 with annual growth rates of 7.37 %, 5.27 % and 10.44 % respectively.

On livestock production, all of four commedities as red meat, pouktry meat, milk and eggs were ..
increased during the sanie period as red meat : from 8.3 thousand tons ( in 1988) to 16.1 thousand

tons (in 1994) with the annval grawth rate of 18.01 %, poullrj meat : from 68.0 thousand tons ( in -

- 1988} to 940 IhouSand tons with 8.43 % per annum, milk : 66.4 thousand tons (in 1988) 10 151.4

- thousand tons (in 1994) w:lh 22 88 %, and eggs : 380 m:lhon eges (in 1988) to 871 nnlhon eggs (in

1994) with 23,04 %..

244 General Industrial Aspects as a Whole

~ Appendix 2.12 shows a n_tinibcr of regi$tereﬂ total eslablishments and 'pénnaneht émployetés, and

some ﬁgurés concerned by industr_ial origin in Jordan. . As shown in this table, industrial group
consists of 25 kinds of economic activities as mining/quanrying, food manufaciuring, beverage

induslries lobacco manufacturing, manufacture 'of textiles, manufacture of wearing apparel exoept

footwear, manufacmre of lealherﬂeather producls manufacture of footwear except valcanized or -

mo!ded Tubber - or plasuc foomear furniture/wood products paper/paper producls
: pnmmg/pubhshmg’allledmdustnes chemical/chemical products, petroleum reﬁuenes manufaciure

of Tubber producls manufacture of plastic products (NEC), manufacture of non-metallic minral

producls, basic : _melal produc[s manufacture of fabricated metal products except'

- - machinery/equipment, machinery other than' clectrical, manvfacture of electrical machinery

apparatus/appliances/supplies, manufacture of transport equipment, manufacture of professional
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scientific, measuring/controlling equipment not NEC, other manufacturing industries, electricity, -

and industrial services.  Following Table 2.4-1 is its summary. -

Table 2.4-1 Industrlal Sitvation in Jordan

: Asof 1993
Number of cmployees Numberof  Gross ~ Intermediatle  Gross
Female Male - Total enterprises © value added " consumption output
(persons)  {persons)  (persons} (Grms) - (1,000JDs)  {1,0003Ds) " (1,0001Ds)
- 5,741 102,599 108,346 18080 . @ 766,817 1523475~ 2290292 o

- Source : Statistical Year Book 1994, Departmient of Statistics.

A rate of female who engaged in industrial field was only 5.3 % lo lhe.total employecs in 1993

according to the above mentioned Table.

The Appendix 2.12 indicates induslrial 'origin that has a number of enterprises were food

' manufacturing (2,172 6 rms), manufacture of wearing apparel eacept footwear (1,536 ﬁrms):

* fugniture and wood products (2,808 firms), manufacture of non- melallxc mineral producls {1,740

firms), manufacture of fabricated metal producls exoepl machmery and equipment (2 299 ﬁrms) _

and industrial services (6,997 fi ms). -

However, the nuniber of cnterprises does not reflect the cconomic capability. ~ A the viewpoint of :

gross output assuming as a factor of cconomlc capablhly, lhc enlerpnses whoso g£ross oulput were

_ : over JDs.100 mllhon were mmmg and quarcying (125 ﬁrms IDs241 m:l!lou), food manufaclurmg
(2, 172 ﬁrms IDs. 218 mll]ton} chenucal and chermcal producls (115 firms, JDs. an mnlhon),
i pelroleum refineries (1 ﬁrm IDs374 nnlhon) manut‘aclure of non- me!allac mineral producls (1,740

: firr_ns, IDs.218 m1__lllon), and elecl_ncuy @3f irms, 135 willion).

‘The GDP as mentioned in previous clause clearly reflects these economic activitics, especially

mining and quarrying, and manufaclunng aré the major mdusmes in Jordan. Here, in the ficld of

' ‘pelroleum tefineries, one ﬁrm Wthh produced the second highest gross output is lhc. s(aie_

enterprise.

Three firms of electricity as mentioned above consist of the Nahonal Fle—ctnc Power Company:
(NEPCO) (former called as the Fleclncxty Authority (JEA)), the Iibid District Electncuy Company
L1d. JDECO) and the Jordanian Electric Power Co. 14d. (JEPCO).  Among them, NEPCO is a
state enterprise.  They also produced rather high gross oulput as mentioned above.  Details of

their activities are described in the next clause.
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2.4.5 Infrastructuree in Jordan

In Jordan as of 1994, there are 6,856 km of road in total consisting of highway : 2,820 km,
secondary road : 1,899 km and village road : 2,137 km according to the statistical data (see
©Appendix 2.13).

Jordan has only one sea port in Aqaba. ~ The total handled goods and riumber of vessels were

10,572 thousand tons and 2,486 ships respectively as of 1994.

Jordan has 1 international airports in Amman, and 2 local airport in Aqaba and Amman.  The

passengers, and volume of freights are 1,222 thousand persons and 54,584 fons respeciively as of .

1994 by Jordanian Airlines.

Numbser of facilities for postage services and telcphone services was 946 in total in whole Jordanas

of 1994 consisting of postal agency : 424, post office counter : 12, telephone office : 3, rural post
office : 42, post office : 430, and subscribers office : 35.

Iloléls in Jordan are classificd into two categories as (1) classified hotels and (2) non-classified

hotels. © Classified and non-clasﬁiﬁed hotels were 129 and 133 in total as of 1994, and they had -
13,7119 bcds for the former ones and' 3670 beds for the latter ones. Almost- these hotels

cofncentrate in Amman, the capnal city of the Nation, but some hotels located in other several cmes' :

because lhat Jordan has a lot of archacological places.

25 -Develobment Policies and Target

Jordan is now in on-going situation of the Economic and Social Development Plan 1993- 1997,
The various pohc;es and pmjecls m this Pldn have almed at ach;evmg the fo!lowmg economic and

social objechves

1. ' Crealing conditions conductive to sustainable growth;
2. Ensuring fiscal and menetary stabifity, eliminating production and price distortions, mobilizing

- and increasing domestic savings, and securing a proper climate for private sector investment,
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Attaining a high level of self-sufficiency and sclf-reliance through narrowing the gaps in the
economy, particularly in the general budget and the balance of payment; 4

Expanding and diversifying the income and employment-generaling production base and
developing a highly competitive export sector;

Reducing disparities among social groups and geographical regions, ensuring equality of
oppoitunity, combating poverty, and providing all citizens with basic services;

Enhancing the capabilitics of all citieens and instilling in them a'spirit of initiative and the
work ethnic through updating educational and training systems and expanding tcchmcal and
vocalional education;

Crea!ing the proper conditions that would encourage citizens to invest in projects based on

~ individual initiative and s¢lf-employment;

Conserving the environment and preventing the deterioration of its component elements
through regulaiing' economic and human activities in such a way o secure a healthy
environment for peopie as well as for faun and flora, to ensure the non deplcuon of exhaustible -

resoutces and to check soil etosion, desertifi cauon and pollutlon

* Ensuring wider participation and accountablhly in decision-making. -

" To échieye the above mcnlione_d objectives, the Plén had set the fol!dwing framework ;

On the vwwpoml of reahmt:on of suslamab!e growth in excess of pOpulanon growth rate, the

o plan ainis at reahzmg a GDP growlh rale of 6% per annum at 1991 constant price. = This

would raise real per capila GDP by about 3 % -

On the wewpomt of correclmg stmclural nnbalances and achxevmg fiscal and monetary

- stability; :

(a) Gradual reduction in the budgel deficit to GDP ratio, excludmg grants, {o no more than

3% by 1997.

(b) Elimination of lhc balance of payments current acoount deﬁcal by 1997,

() Reduction of the extemal debl to GDP ratio (o alevel not exceedmg 100 % by 1997

(d) Reduction of the external debt service ds a percenlage of exporls of goods and services (o
‘alevel nol exceeding 25 % by 1997. ' o

(e) Reduction of the ratio of consumption to GDP to a level not exceeding 89 % by the end of
the planned period.

() Maintenance of the anaval rate of inflation at 4 % to S %.
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3.

On the viewpoint of realization of balanced social developnient

hence the impoitance attached to solving the problems of poverly and unemployment,

- The social dimension is vital for the success of economic development, the Plan said that,

improving the quality and raising the standard of social services, and reducing disparities

betweén the regions. ~ The social objectives include:

@

()

LoWering the unemployment iate to 96 % by realizing suslainable growth rales that
would create 224,160 new job opportunities.
Concentrating the public seclor investment program in the ficld of social sérvices, and

securing the delivery of these services to the various regions in a way that would ensure

- balanced geographical disl_ribu(ion and access by low income groups,

()

Raising the level of educational, health, housing, and other social services during the

planned period through appropriate fiscal ‘and monctary policies aimed at providing

-~ incentives for private sector investnent in these vital arcas. The overall objective would

~ be 10 raise life expectancy from 67 to 69 years, lower infant mortality rates to 25 per

1,000, and infant miortaliiy under S years to 30 per 1,000, and raise the percentage of |
population with access to electricity and drinking water from 98 % 10 100 % by 1997 and

~ 10 sanitation l‘acﬂmcs from 55 %10 65 % dunng the same penod

@

Reducing poverty in the short run lhrough the adopuon of pohcaes dwgned o prommc

the establishment of ;ncome—generalmg small projects for low income groups, pamcularly _

in the less developed regions, and raisirig per capita consumption at 1991 constant prices

(€)

0 )Ds.787 in 1997. | |
Training and rehabilitating 72,800 trainees to help them acquire the skills needed for the

jobs created by cconomic growth ard to reduée dependerice on non-Jordanian labor, and -

increasing vocational education enrollment to 40 % of total secondary school encollment -

| by _1997._ -
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26  Family Economy

Appendix 2.14 shows a siluation of household income by economic aclivities as of 1992 based on

the Household Expenditure and Inconie Survey 1992 by Department of Statistics.  According to

* this data, the income level of household in Jordan is itlustrated as follows:

Fig. 2.6-1 Average Income Level by Economie Activity

Asof 1892
6,344 (Unit: JDsyear)

Income level

Mining
Industty g
Scrives, B

Es i
£z g3
&5 23

i

Agriculture N
Construction 8
Trade,
retaurant and
hotels
Mot applicable G

Electricity,gas 0
and water XM

Economic activity

- Sousce : Household Expenditure and Income Syrvey 1992, Degatment of S;alislics.

As shown in the above figure, the highest income level _wa§ he household engaged in industial
ac!ivily; the sedot\d : int finance énd.ba'nkin'g., third : lfécie,i re.stauram and hotels with the 'amo'unl.of
JDs;6;884, .iD's.j6,3'd_:4 and JDs.6;147 respectively. It s¢ems thal the said income situalion rcﬂecis .
the _induslriél condition as mentioned previous cIaus_e.: rThé qvérage annual inoﬁhle per houschold

_may'be calculated at an amount of JDs.4,607 in 1992,

- According to the said survey, the income mentioned above consists of (1) income from employment,

(2) own account working in@:onie, (3) propesty income, (4) other current transfer, and (5) other

receipts. ~ The income from employment also consists of income in cash and in kind as food,

* housing allowance, cloths and so on.

For the average income of JDs.4,607, the share rate’ of those component may be iHustrated as

following Fig.2.6-2.
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Fig. 2.6-2 Share Rate of Inconie by Source
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Source : Household Expenditure and Income Survey 1992, Department of Statistics,

In monetary terms, the amounts of income from employment, income from own account working,
property income, other current transfer, and other reccipts were JDs.1,85%, JDs.1,193, JDs.946,

IDs.606 and JDs.12 respectively.  Among the income from employnient, cash income wa's_

1Ds.1,828 (98.8 %) Remalmng income from employmenl was in kind as food, housing allowanoe,

cloths and others.

On the viewpoint by rural and urban, the said average annual houschold income of JDs.4,607

iodnsisis of rural ¢ }Ds 3, 532 and Uﬂnan : JDs 4,898. By governorate, it o.oﬁsis!'s of IDs.5 795 in
Amman, IDs.3, 966 in Irbid, Ds4 003 in Z.arqa 054,203 in Balqa, st 2 997 in Mafrak IDs2 648
in Karak, }Ds 4,355 in Ma'an, and JDs.2 899 in Taficla,

The situ'at'ioiq of houschold cxpendiiu.re‘ is showa in Appendix 2.15 which is also based on the said
Survcy; The $urvey for household expenditure was made by itemization in 16 kinds of fobd,
beverage and tobacco as cereals products, meats and poultry, fish and sea prodiicts, dairy products
and eggs, oiis’and fats, ‘frui!.s, v.egelab'les, dry é_nd canned legum_es, spices, nuts, sugar and

confectioneries, tea/coffee and cacao, beverages, alcohol, and tobacco and cigareiles,

The expendnure for lhe other conunodmcs and services are also iterized in 17 kinds of expend:lure
itemns as ready made inen’s clmhs ready made Woren’s cloths, chnidren s cloths, clothing and
tailoring expense, foomear, housmg and related expenses, fuels/electricityfwater, house furnishings,
household appliances, uteasils, cleaning materials, transportation, education, medical care, personal

care, recrealion, and other expenses.  Following Table 2.6-1 is its summary.
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Table 2.6-1 Avera ge Annual Household Expenditure and Its Share Rate by ltemy -

: Asof 1992
Food, Hous- Fuel/ Trans- Medi- Mis-

Expenditure ltem by boverage Cloth- - g & electd- Fumi- pontat. Edu- cal  celfa- Total
expenditure group and ing related cily  shings ion  cation care qoous

tobacco expoe,  waler

Anrwint of expenditure(iDs)  ~ 1,856 - 373 72 229 2718 510 160 102 32 31920

Share rate in percenlage (%) 4735% - 952% 184%  SBA%  709% 1M0I%  408% 260% BM% . 100%

Source : Household Expenditure and Income Survey 1992, Department of Statistics,

Note 1 : The iter of food, beverage and tobacco includes all 16 expenditure items.
21 The itens of clothing includes all items of clothing and footwear.
31 The item of furnishing includes house furnishinigs, houschold apphances, utensils and cleaning matenak
4+ ‘The item of miscellancous includes personal care, fccreztion and other expenses. :

The balance between amounts of income (JDs.4,607) and expenditure (JD5.3,920) amounting at

. IDs.687 seems o be reserved for foods, or inedical care or others, or saved if remained.

~ As shown in _lhé above 'l‘éble, the share rate of expeaditure for foods was 47 % or more in 1992,

Cc;nsidering the standard share rate (called as the Engel’s coefficient) of aroim_d 30 % in de{rélo'ped :

countries, this figure is quite high.

The share rate of expenditure for fuel, electricity and water was 5.84 % as shown in the said Table.

The expendilure for the clectricity may be calculated based on the data from NEPCO (former JEA)

at the amount of around _JDé.iﬁf] as the average annual amount in 1992 which is 4.08 % among the

said total expenditure for fuel, electricity and water. -

Details for average annval expenditure situation is shown in Appendix 2.15 by rural and urban, and

by Governorate,

27 . Price

271 Consumer Pr_i.ce '

 Appendix 2,16 (A) shows a cost of living index in Jordan since 1991 and sumimarized below:
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Table 2.7-1 Cost of Living Index in Jordan

Year - General  Food Clothing/footwear  Housing  Other poodsfservices
1991 . o %2 911 7 92 96.7

1992 1000 100.0 1000 1000 100.0

1993 o oo- 1033 1019 165.8 106.3 1S

320 S 107.0° 102.9 - 1099 1086 - 102.6

1995 . _ 1095 1104 1179 1114 1029
Average annual growthrate (%) 329% . 326% - 631% . 3% i57%.

Sotree : Monthly Statistical Bulletin Vo!.32 No.6, Central Bank of Jordan. -

'Ihe‘average a_nn_uél growth rate living ind:cxi was 3.29 % since 1991 up té 1995 for the géncral index

according to the above Table. - Arid, that fofr lhé_oiher index is inot so much far from the general

index except that for clothing and footwear.

The Goverament of Jordan has controlled that prices of bread produced from Jordanian wheal is
Fils.85 per ke, that from mixturé Jordanian and impoited wheat is Fils.120 and that from wholly
imported wheat 1;3 Fils.iS() during last 10 years.. On August 13, 1996, the Government énndunc_ed
increascs in prices of bread as Fits.180, Fils.220 and Fils.250 respectively. The increasing rate of
pricés for bread is around 2 times as a whole. The main cereals for living in Jordar is wheat, and
people in Jordan live on bread. " The Gavernment haé subsidized. to their people for cxpendilurc for
bread. Even if the people received such sﬁbsidy from the Government, the increase of prices for
bread should influence the prices for the other commodities, and lh.is should press people’s

livelihood in the future.
2.7.2 Exchange Rate

The fluctuation of exchange rates with US Dollars and Japanese Yen during the period from 1991 to

1995 is shown in Appendix 2.16 (B} and summarized below:

‘Table 2.7-2 Exchange Rates with US Doliars and Japanese Yen

(J.Fils, middie rate)

Year _ 1 US Dollar . 100 Japanése Yen
1991 &£30.9 5054

1992 - 6798 5374

1993 6929 . - 6250
1994 69838 - 6845

1995 7008 7491

June 1996 S0 6510
Annual average decreasing ratio (%) 0.72% : 1028 %

Source : Monthly Statistical Bulletin Vo01.32 No.6, Central Bank of Jordzn.
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CHAPTER 3

ELECTRICITY IN JORDAN






CHAPTER3 ELECTRICITY IN JORDAN
3.1 Electricity Enterprises in Jordan

There are three electricity enterprises in Jordan.  The one is a state owned enterprise belonging fo

" the Ministry of Energy and Mineral Resources named “the National Electric Power Co. {NEPCO)

(former called as Jordan Electricity Authority = JEAY". The other two are private enlerpiises

~ named as the Jordanian Electric Power Co. (JEPCO) and the Irbid District Electricity Co. (IDECO).

The function and relationships among them are as described hereunder. Aniong them, JEA and

IDECO have generation facilities. - JEPCO is a distribuling firm buying eleciricity from JEA.

* Other than those three enterprises, the Jordan Potash Ce. LAd. and the Jordan Cement Factories Co.

Ltd. are also producing electric power for their own use.
3.L.1  Function and Relationships among Electricity Enterprises in ._]ordaﬁ

The Ministry of Energy and Mineral Resources is one of ministrics in Jordan. ' NEPCO belongs to

| this ministry as shown in Appendix 2.1. ‘The organization of NEPCO is shown in Appendix 3.1

- and function and relationships among the three enterprises are as shown in the following Fig.3.1-1.

‘Fig.3.1-1  Electricity Enterprises in Jordan

Ministry of -
. o o) Enempy & . -
R ' Mineral S 1
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NEPCO is a large scale power geacration enterprise in Jordan.,  Iis power stations counts al 11
stations as Husscin ‘Thermat Power Station, Aqaba Thermal Power Station, Risha Power Station,
Marka Power Station, Karak Power station, Remote Viltages Power Station, Aqaba Central Power
~ Station, Amman South Gas Turbine Power Station, Rehab Power Station, King Tolal Dam &

- Fenilizer Co., and Wind Energy Generation Station.  Bnergy production of NEPCO in 1995 was

5,201 GWh with annual growth rate of 9.80 % from 3,258 GWh produced in 1990 as shown in

~ Appendix 3.2 (A).

- NEPCO is a encrgy distributing enterprise too,  The energy was sold to JEPOO and IDECO, and

“other large scale industries as Refinery Co., Cement Factories Co., elc. by NEPCQ as bulk sales.
" NEPCO’s ihterconnec{ing system network covers Agaba area, Ma’an and Shoubak areas, Karak
| area, Tafila area, Jordan Valley area, eastern area, and a part of Amman area for retail sales.  As of

1995, the tolal energy consumption in whole Jordan was 4,778 GWh as showa in Appendix 3.2 (B).

The energy volume sold by NEPCO shares 4,665 GWh agains! the said total energy consumplion .
with with share rate of 97.6 % including sold volume a( 2,606 GWh to JEPCO and 654 GWh fo .~

IDFCO However, the sold volune as retait saies was not so high as 397 GWh only, companng -

wnh other tv.o pnvale enterprises.

Numbey of oonsumeré in Jordan in 1995 was 674, 000 in total with developing by averags annual
; 'growih rate of 5. 34 % smoe 1990 Among them NEPCO shares only 90,000 of consumers with

' :share rate of 13,4 %.

" At present, NEPCO has a plan (o sepérélé its energy distribution seélioni as a independent private -

enterprise. A restructuring for.lhis plan'was already started since July 1996.  Even the energy

distribution section will become a private enterprise, the function (o sell energy to JEPCO, IDECO

and to others as for bulk sales and retail sales seems to be kept as same as the present situation.

JEPCO and lDFCO are energy distribuling enterprises who are buymg energy from NEPCO as 3

‘ menuoned above Among them IDECO has its own generatmg slation.

i

JEPCO has covered the areas of a large part of Amman Governorale and Balga Govemorate

i'ncluding the cities of Amman, Al-Zarga, Al-Salt, Madaba and Al-Baq’ah, and IDECO has covered
the area of Irbid Governorate including the cities of Irbid, Al-Ramtha, Al-Mafrak and Jarash by their

network.
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Appendix 3.2 (D)) shows number of consumers or subscribers the three enterprises connect to in

1995 amounting to 674,484 in total and is summarized by lype of consumption as shown in the

following Table 3.1-1.

* Table3.1-1 Number of Consumers by ’l‘yp:e of Consumption in 1995

NEPCC JEPCO CIDECQ 0 ¢ Others " Total

"+ Domeslic 75,381 348,078 129,816 212 553,487
Industrial 895 7179 2,487 0 10,561

© Commercial 9867 67,282  : 17,034 8 94,191
Water pumping 723 4817 761 0 1,971

" Governmental 2,642 F 2,124 1,376 0 6,142
Others 967 4,883 12,279 -3 8,132
Total 90,475 430,033 153,753 223 674,484

Souece ; Annual Report 1.995, Jordan Electricity Authority (JEA) (now named as NEPCO}.

312 Finance of Energy Enterprises

E eleclnﬁcauon rate of 99.2 % to the total population as of 1995,

expenses as of at the end of each fiscal year, and they have niade their annval account reporls

From NEPCO, the account report for 1995 fiscal )_,ear was available to0.

' Aocordmg to the data from NEPCO, energy services populallon in 1995 was 4,254 ihousand with

- All of three eledn‘cily enterprises have made balahce sheets and stalements of their incomes and

The

_ avaltable annual account reports feom them were those for 1994 fiscal year em&pl NEPCO'’s one.

Appendfx 33 shows the siluation of income and expenses for NEPCO, a_nd JEPCO and IDECO,

and summarized below.

Table 3. 1-2 Summaly Statements of Incomc and Fxpenses of lmte:pnses

) (JDs) -
NEPCO JEPCO - IDECO
ini994 . - in 1995 - in 1994 Sin 1934
REVENUE - 128439,585 138,501,013 83,787,004 - 21,490,002
" Electricily sales 119,242,838 132012477 84567035 16887571
Otherinoome © 9.196,747 - . 6,888,536 4219069 4602431
GROSS EXPENDITURE 114466694 126229731 - 82828241 = 20,726,338
Operation/purchase 70,366,464 - - 72,763,510 65,925,198 - 18,536,513
Ciher expenditure © 44,100,230 48466221 . 16903043 2,189,825
NETPROFIT 13,972,891 12,671,282 5,958,763 763,661

Source : Annual Account Reports from JEANEPCO), JEPCO 2r:d IDECO.
Note : The item of purchase means the electricity purchase of JEPCOADECO from NEPCQ.
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" According to the above Table, all of three electricity cnterprises have resulted to get positive
incomes in cach fiscal year. The rate of net profit to the gross revenue may be illustrated as shown

below: .

Fig.3.1-2 Net Profit Rate to Gross Revenue of Each Electricity Enterprises in 1994

- NEPCO

- Nel profil - 1%

" Gross revenue | JDs.128, 439 thousand

JRPCO 1DECO

_ .Nelproﬁt 7% o v Netprofit 4%
AT S AT~
‘/‘ : ‘ . . . ‘l\‘ : : R . f/ : ‘ . : : A
/‘ Lo “\'i . :\. : o : Lo ; . T T : \

'

N . j i
: \ Gross expenfinturc: S

- 1
. o X o
Gross expenditore /

s

el __1//’ ’ o // '
_ 93% S ' _ - 96%
Gross reve_nuc:JDs.SS,'iS? thousand - Gross r'évenuc':.lell.‘i?O thovsand .

Asiof 1994, NEPCO get its niet profit at amourit of JDs.13,973 thovsand with a share rate of 11 % to -

:' the' gross: revenue, The NEPCO’s net profil' rate is rather high comparing with that of other two
enterprises as JDs.5,959 thousand with 7 % of JEPCO and JDs.764 thousand with 4 % of IDECO,

and this seems to reflect its scale merit.

- However, NEPCO has brought a huge amounl of accuimulated losses from previous years as shown

S in Appendix 3.3, so NEPCO's final acoount was negative in 1994 and 1995 too.
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This accumulated losses of NEPCO scems to mainly be caused by its investing activities according

to NEPCO Annual Report 1995 such mainly as:

Risha Gas Turbine Project _

Aqaba Steam Plant Project - Phase 11

Risha Gas Turbine Transfer Project _

Josdanian- I‘gyplian 1nterconncchon Project and pransmn Pro_:ecl
* South Amman Gas Turbine Pro;ecl

Transfer Station Conslrucuon Projeci and Expansion Project

Other payments on consultant services and rcsearch and to contraciors.

Scale of e'nterprises are usually' indicated by balance sheets.  Appendix 3.4 are the balance sheets

of JEA, JEPCO and IDECO and summarized as follows:

Table 3.1-3 Summai y ol‘Bfﬁance Sheet of Electnuty Lnlexpmes '
© For 1994 Fiscal Year (JDs.)

Credit REPCO | JEPCO . IDECO | Dabit NEPCO JEPCO . IDECO

Cumentassets -~ 81,932,582 39,082,061 ~ 12,450,935 | Curent liabititics S NAT2257 | 534,792383 14,649.965
Fixed assels 285,570,186 94916003 ° 31,157,105 | Equity 115,470,630 - - 80,011,365 4,156,160
Othess ‘ 5,501,487 805,679 207,553 | Othess . 186,361,368 : B 25009463
Total . . 373304255 334,803,748 - 43,815,593 ] Total - . 373304,255 134,803,748 - 43,615,593

Sousce : Annual Account Reports of JEA {NEPCO), JEPCO and IDECO. .

- Among the equities indicated in the above Table, cépilals of NEPCO JEPCO and IDECO were
IDs.80,734 thousand IDs 1S 000 lhousand and JDS3000 lhousand respecuvely in 1994.  The
© amount of capital of NEPCO has become at JDs.82,720 thousand in 1995.

313 Electricity Toriff

- As menuoned above the electncﬂy tariff is set by NFPCO 'i‘hc exnstmg (anl’f system at the end of

‘ 1995 is ad follows acoordmg to the Annual REporl of NEPCO

L BulkSuppzy “Fariff

a. Electricity enterprises

Peak load 2.4 (JDsKW/Month)
Day energy 23.5 (Fils’kWh)
Night energy 14.5 (Fils/’kWh)
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Large industries

TR o, e

(Nole) Monlhly mininwm charge is:

- )Ds.1.00 per moath for donstic,
2. 1Ds.1.25 per month for other consumks.,
3.

consumption. Here, IDs.1 = FxlsIOOO

Fils. 37 per kWhin average as shown in lhe followmg Table 3. 1-4

Peak load - 2.4 (JDs/kWiMonth)
Day energy 45 (Fils/kWh)
Night energy 23 (Fils/kWh)
" Retail Tariff
2. Domestic (Fils/kWh)
 Firstblock : From 1 - 160 k¥Wh/Month 28 (Fils/kWh)
* Second block : From 161 - 300 kWh/Month 52 (Fils/kWh)
 “Thitd block : From 301 - 500 KWh/Month 55 (Fils/kWh)
 Yourth block : More than 501 XWh/Month 70 (Fils/kWh)
b.  Flatraté tarifl t' for TV and broadcasting 45 {FilsfkWh)
c.  Conmmercial 50 (Fils/kWh)
d. : Medium industries
Peak toad 3.05 (JDs/kW/Month)

' D.‘ay energy . 25 {Fils!kWh) -

- Night energy 20 (i?iiskah) .
Small industries - 30 (Fils/kWh)
Water pumping | 30 (Fiis,fk\’.’h)

Hotels 50 (Fils/kWh)

-~ Agriculture 21 (Fils/KWh)

i. Streel lighting 13 (F}Isfk\%)*

* 13 FilskWh is applicd for consumption v«hlch extced the averagc level of 1988

Based on the financial slansllcs of NEPCO, the aclual average tariff may be calculaled at a sum of

Pable 3.1-4 jAé_tqa; Average Electricity 'faﬁ'mnf NEPCO

Commercial

Totat

Source : Annual Report 1995, JEA (NEPCO),

3-6

- Domestic ~ Bulk Medium and “Apriculure  Otheis
and public  industry - srnallindustrics & Waler.
_ . ' buildiog : pumping
Shace of consumption(%) 3235 1654 13.74 10.96° 20.32 609 10000
Share of revenues(%) 36564 17.26 10.80 1487 1563 480 10000
Aversge lanfl (FilskWh) - 4167 3849 2900 5000 2836 2909 3683




314 Meter Reading, Clain and Collection of Electricity Charge

Electricity meter reading is made once a month for general subscribers, and bills of electricity
charges are sent based on the meter reading to subscribers within 2 months after the meter reading.
When the subscribers do not pay within a specified period (usually 1 or 2 months) after sending the

said bill, electricity distribution is cut without any waming.

For bulk sales, measuring equipment (meters) is equipped at the point of just behind of transmission

“lines to IDECO arid JEPCO directly branching off from high voltage lines at their sub-stations, and

measuring altendants of each interconnected electricity enlérprisc read the meter at the end of every
month with attendants from NEPCO.  Both the interconnccted electricity 'enter.:ptises make 2
copies of a report based on the meler reading, and one of then are sent to NEPCO. . NEPCO issues
bills based on this reports within one month after receiving the reporl. * IDECO and JEPCO shall

pay the electricity charges according to these bills.
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- 3.2 - Equipment and Facilities in Power Plant, Transmission Lines, Substations and

Distribution Lines in Jordan

" In principle, the several power plants owned by NEPCO are interconnected to the power systems
in the country through 132 KV transmission lines, and after stepping dowvn to 33, 11 and 6.6 kV
at main substations and further to 413 V at distribution substations located at the respective load

- centers, the power is distributed to consumers by 415 V 3~pha:sc 4-wire system.
'3.2.1  Power Plant Equipwment

As at the end of 1995, the total installed capacity is 1,167 MW, - Out of this total, 1,049 MW is
‘interconnceted to the power systems throughout the country. The various types of power

plants in Jordan'a_s at the end of 1995 are Presented in ‘Table 3.2-1.

The fuel used in both the Aqaba and usscin Thermal Power Stations owned by NEPCO is
hcavy oil. = Although the Aqaba Thermal Power Station faces the Rt.d Sca, sca tmnspbrtat{oﬁ of -
fucl is im;ﬁo’ssibk particularly due to lhc:poiitical. situations in the Middle East. All the
reguired héaVy oil is land-transposted by tank lorrics from the refinerics near Amman or from
" Iraq. For transportation of heavy oil to the Aqaba Thermal Power Station, thirtj' 50-ton tank
lorrics a day arc required at present.  In the case of the Hussein Thermal Power Station located
in the desert zone ivhf_:rc écquis'ilion of cooling water is difficu'lt, morcover, the condenisers are
- cooled with air féns._ 'Mc_anwhilé, a gas tur_binc‘gcncr:ator (100 M\V*x_ 1) has been added at the
Rchab Thermal Power Station in 1996, | ) o




Table 3.2-1 Power Stailons and Capacities in-Jordan (‘v!‘ﬁ)
- - e
Gas Turbines :
" Power Stations ‘Stean e Diesel | Wind Hydm. Total
Dlesel . Gas L

. NEPCO 623 242 | 120 56.5 0.3 T 1,048.8

Hussein Thermal P.S. | 3°X 33  IXH4 - - - - 385
4% 66 | I1X18 - - - - -

Agaba Thermal P.S. 2 %130 - - R - 3 263 -

Aqaba Central P.S. - - - %;gg'j - - - 22

‘Marka P.S. - 4x18 - 30 - - 102
MrRlsha P.§. - oo 4%30 - - - 120

- An' man_South G.T. - 2X30 - 1 - - 60
Karak P.S. - 1x18 - IxXL.5 7 - e 22.5

" King Talal Dan - - - - - i 4

- Wind Energy - - - - - 16.3 -1 0.3
Rehab P. 8. - 230 - - - - 60

> Other Organizations. 73 - - 455 . | - - 118:5

enenl Faclory ~ - -1 - -

" Refinery: Co. 14 - - 2 - - 16
Arab Petash Co. 15 . - - |8 - - 23
Fertiltzer Co. 44 - - C- - - 44

~Bi-llasa Phosphate Co - - - 12 - - 12

S Municipalities - - - 8.5 - - 8.5

© & Others|- ] _ N
Total . 696 - 242_' 120 102 0.3 T 1,167.3

7322 Transmission Facilitics

~1n Jordan, the transmission lirie valtagcs arc dwldcd into thc four 400, 23(} 132 and 66 kV

classes, - Among theSe classes, the 400 kV 2-ckt transmission lmc has been prov:dcd between'

‘the Aqaba Thermal Power Station and Amman South Subslaucm

fhls transmission linc is

now operated at 132 kV. Me'mwhllc this transmission line is bcmg des:z.,ncd for boosting the

voliage 10 400 LV by the end of 1997.

Momovcr, the 230 l\V lransms:smn line, whlch had becn oonslrudcd for interconncction w:lh '

3-9
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The other hand a 66 kV transmission line was connected between Irbid Substation and Syria,
however, the line has been shut down and used as a 33 kV distribution line.  The length of the
transmission lines of NEPCQ as at the end of 1995 is listed below:

* Transmission Line {kV) 66 “132 | 230 | 400

" Line Length {ckt-km) 17 { 2106 17: |60

3.2.3 - Substation Facilitics

The installed capacity of the substations for (he power systems owned by NEPCO as al lhe end
of 1995 is as listed below:

 Substation (kv) | 3yt | 66533 | 13216 | 13233 | 2301123

CapacityMvA)| 150 [ 10 | s | 1989 [ 200

Meanwhile, the SFs £as msulauon syslem has’ been adopted parlly aniong the’ 132 kV class
substations. = Both lhe manned and unmanned control sysiems are applied for opetation of the '
ﬁ substati.ons in the coun!ry. To reinforce the’ power supply capacuy to Amnian and Irb_id, lhe
Abdali Substation (3 x 40 MVA, 132/33 kV) was completed by NEPCO in 1995, In addition,
the Tareq Substation (3 x 40 MVA, 132/33 kV) and Abdoun Substauon are scheduled to be
constructed in the Amman district.

324 Bisqribunonpagili:ies'

Accbrding to the definition of the ﬁower companies in Jordan, the 33 kV or lower voltage
facilities are_}all referced 10 a5 the distribution facitities. ' In'the case of the respective power
: compa_nieé:-NEPCO, JEPCO and IDECO, the distribution vollages are divided into 2 'groiups,
MV (mediu'm:v'olta'ge) and LV (low voltage). The 33, 11 and 6.6 kV are called MV, while the
415 V (3-phase 4-wire system) is called LV.

3-10



In principle, the 11 kV underground cable is used for the primary dis!ribuﬁio‘n lines in densely

populated residential areas.

Whereas, the 33 and 11 kV overhead distribulion lines are used in

rural area and on ihe outskirts of city areas. Meanwhile, the 6 kV distibution lines which

observed 10 be in service in partial areas tend to be dismantled successively in the future.

Although the 415 V or lower voltage distribution lines are mainly of an overhead system, the

undergrousid cable is used in the area of Aqaba City. -The distiibution facilities and instalted
" capacily of the distribution substations’of NEPCO, JEPCO and IDECO are as presented in | |

Tables 3.2-2 and 3.2-3,

Table 3.2-2 Dis(ribution Pacilities in Jordsn |

Distribution Line | Company | 3%V 1KY 6.6k . 0.4kV

o | NEPCO | 1.413.4 3068 52 - 23241 ]
 Overhead LinesGm) | JEPCO & | 29751 3097  264.4 12,799.3

- - Sogeo | T T e
cubtolal | 4.388.5 6165 260.6 151234

S NePco | 1.5 loz.2 58 26l
'_'Ugdergrqng_cahig(km) ook | 3.5 19T 667 10574 '
 [subtotat | 417 896.9 6625 1,318.8
Grownd Total  4.805.5 1,513.4 16,422

932. 1

Table 3.2-3 Distribution Substétioﬁ Capacities in:Jordan

 Substation Conpany | 83,11,6.6/0.4kV  33/11.6.6kY 11/6.6kV
o ~ | neeco 319.9 145.5 2.5
Capacities(WVA) | JBPCO & 847.4 493.7 1. 509.5
I IDECO | . |
TTotal | 12213 639.2 512
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33 Power Demand
33.1  Production and Consumplion of Elecirical Energy

(1) Production of ¢lectrical energy

In Jordan, the electrical energy producers‘aré largely classified into the electric utilities and
| non-ulilily industeial enterprises. ~ The enterprises un’dé:iaking electrical energy production are
 the NEPCO, IDECO, municipaliti¢s and so forth. Moreover, the indusirial power plants are
~ owned by five companies including cement and steel makers. In Jordan, the electrical energy is
- produced nearly :6lally by the NEPCO. As the electrical energy produced by industry owned

- power plants is consumed almost enlirely by the industrial plants.

- The share of the ¢lectrical ‘energy production by NEPCO to the total production, which was

about 93% in 1995, has been remaining ncarly unchan'g'ed for the past six years since then.
Breakdown in Table-3.3-1 is the electrical energy production by clectric wtitities and non-utility
“sectors in Fiscal 1995. Presented further in Fig. 3.3-1 is the trend of the electrical energy -

proditction in_Jordén'and that of NEPCO.

Table 3.3-1 Electrical energy production and its share by sectors in 1995

Eleclrical Energy (GWﬁ) © Share (%)
1. Electricity Sector o osus 0 | 28
'NEPCO R 5201 926
IDECO . 12 02
Municipalities & Others - S T _ .00
2. Industrial Sector . Aot e 72
R_efineiy 1 s o 12
CementFactory - | -39 | 0.7
Potash Co. - S s 20
FedilizerCo. . | w66 | 30
H. Iroﬁ Factory | R 18 o - 03
Tolal ' 5616 100
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As the breakdown and trend of electrical cnergy production by generator types in Jordan are
piesented in Fig. 3.3-2, the gencrators driven by steam turbines share as much as about 78.5%
of the total eancrgy production in the country as in 1995. This is followed by 20% of gas
turbine power plants.  The development gas turbine and other high efficiency power sources is

predicted to be promoted further in the future.

The yearly rainfall is scarce so there is no river to make effective use of water resource in the

country. Thus, the energy production by hydrb-power'édurcé is fimited 'to only 0.3%.

Consequently, the electcical energy production in Jordan depends neacly totally on thermal

- power sounrce,
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Fig. 3.3-2 Electrical encrgy production and share by type of generation in Jordan
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(2) Sold electrical energy . _
"The total ¢lectrical encrgy sold throughout Jordan in 1995 is 3,373 GWh. Out of which, 2,382
GWh, 576 GWh aad 415 GWh was sold respectively by the JEPCO, IDECO and NEPCO in
“terms of the categories of electric utilities, and about 70% of the total was shared by the JEPCO
with its supply area in Amman, the capital city, followed by aboui 17% of IDECO and about :
15% of NEPCO. |

As about 71%, 16% and 13% was shared respectively by the JEPCO, IDECO and NEPCO as in
1986, the share of electrical energy sold by the respective suppliers has undergone little

changes. ~ Moreover, the electric power demand has grown nearly equally throughout Jordan.

Although the growth rate of sold electrical energy was more or less than 10% in late 1980s, the
: gkowlh rate dropped sharply reflecting the impacts of the invasion of Iraq to Kuwait in 1990
and the Gulf War in 1991. After undergoing rapid recovery since then, the growth rate has

* been gmwing at more of less than 10% eves since 1992. Eo

© When vmwcd from the growth rate of the respective supphers the JEPCCO and IDFCO have
been undergomg a roughly similar trend.  This is because the lwo companies have supply '
areas with high population density and similar power demand structures.

The trend of eleclncal energy sold by the. reSpcctwe electric utilitiés i in Jordan is presented in
Fig. 3.3.3, And the growth rate of eleclncal energy sold by the respecuve electric utilities in
Jordan i is prcsenled in Fig. 3.3-4 ' ' |

| The shares of eleclric power demand for the _refsp"eétive éaie'gorics: of consumption in 1995 are
respectively about 30% for residential constmption; about 11% for commercial bonsﬁmplion,
30% for | industrial consumpli'on', 19% for water pumping, 3% for public street _Iighiing and
about 8% for government agencies, news media, transportation, education, medical and other
service ‘sectors. The lrend of ihe configuration ratios of eleclnca! energy sold by the

E categones of consumption in Jordan is preseated in Flg 3.3-5,

According to the trend of configurations for the past one d_eéade, there have been no major
changes in the residential and commercial demand. - Although the overall industrial demand
has remained nearly unchanged, the demand for small industrial é_:dnsu'mefs has increased bj '
three (3) points in conteast to three point deciease in that for big industrial consumers,
Moreover, the water pumpiﬁg demand has been undergoing steady increase. |
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332 Characteristics of Powei Demand

(1) Daily and yearly load curves
The daily and yearly load curves in Jordan are preseated in Figs. 3.3-6 and 3.3-7.  In Jordan,

" the daily peak load arises in the evening when lighting is turied on.  Whereas, the yearly peak

load takes during sumimer in August and Seplémber.

: (2) Trend of peak load and yearly Ioad factor : :
The trend of peak load and yearly Ioad factors in- Jordan are presented in Fig. 3.3-8. -Yor the

* past nine years, the peak load has increased lo aboul 1.8 times at an annual average rate of as

high as 7.4%. Morcover, the annual average growth rate reached 10% during the period from

- 1991 through 1995 after the end of the Gulf War.

- Although the annual load factor did not undergo so substantial change for the past nine years,

= thc factor was improved to more or less than 70% during the latter half penod of four years

from an order of 60% dunng the earlier half period of f:ve years

(3) ‘Marginal supplycapabthty (kW)

The trend of capability margmal (kW) is presenled in }qg 3 3 -9 This kW capabnl:ty margm is

“calculated from the ratio of thé available capacity of power units to the peak load. Smcc any
' ‘power plant has not been constructed by 1993 since 1990, the ratio of the capab;hty margin to
- 'peak load decreased subslanually 1o 17% in 1993 from 35% in 1990.

‘Although each one' 60 MW unit was commissioajéd re-sp'ectively 1994 and 1995, the kW
: _cépabil_ily margin’ has been on the decrease reflecting the 'rapid growth of eléctric power

demand. .

To cope with such situalions as mentioned above, the NEPCO is promoting the projécts to

‘ install two 130 MW steam turbine power units at the Aqaba Thermal Power Slauon 'The‘reby,

the mslalled capacity of the power stations lhroughoul Jordan is scheduted to be increased to

: 1,52? MW by 2000 to cope with the growth of power demand in the _futum.
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333  Electric Power l)emahd Forecast

In Jordan, all the electric power demand forecast including analysis and evaluation of social
“situations, economic statistics and trend, technological innovation and other dimensions is
underlaken by the NEPCO based on the know-how of its planning staff. * Such electric power
“demand forecast values are used for its long term development plan and long term financial

“plan (study of electricity tariff), business strategies and other purposes.

The long lerm eleciric pqwe} demand forecast consists of theee kinds of high, medium and tow
‘scenarios incorporating the future development of electcic power consumplion as much as
~ possible, The medism scenario is prepared on the assumption that the economy is continues
to undergo not so substantial or moderate growth, while the high and low scenarios -are
prepared where the economy continues to grow at higher or lower rale than that in the medium

scenario.

(1) Demand forecast method

.Accordmg to the NEPCO, lhe electric power demand is forecasl by classmecl the eleclnc power

" demand into smular kinds of consumption palterns.  Namely, the demand is classified into the
reudenhal cammercial, mduslna] water pumping and public street hghlmg demand groups
snmllarly asin lhe case of class:fymg the eleclncuy tariff, ' '

T he fosecast method of the NLPCO is dwxded into lhe followmg three kmds '
- Marketmg method

l:conomw approach method.
. GOMPLRTZ estimation method

(3) Marketing research method

According to this melhod hearing survey is camed oul by the planning staff lhrough hearing
directly from enterpnses or Water Resource Authority about the future operallon and
development plans mcludmg nmketmg slraleglcs This method is apphed for forecaslmg the
big 1ndustnal and !argc scale watcr pumpmg power demand.

(b) Feonomic approach method :

According to this method, the relation belween the trend in the past data of sold electrical
cnergy and associated economic m_dlcators is converted into a formula and used for forecasting
the future electric power demand. This method is applied for forecasting the residential,
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comniercial, service, small scale industrial and water pumping power demtand.

() GOMPERTZ cstimation method
According to this method, the electric power demand is forecast where the growth of demand is
predictéd to be saturated in future, and the grdwth rate until reaching saturation is expressed by
the following exponential funciion equation:
D= a*exp[Brexp(T 0]
- where  Di Energy:demand inyeart
@ :Stationary or saturation value of D at t =00
8, r: Constants, both<0

- This method is applied for forecasting the public street i'ighling.

(2) Conditions assumed for electric power demand forecast .
In Jordan, this electric power demand has been forecast by JEA (NEPCO) since June 1995

bascd on the followmg conditions assumed for demand forecast:

{a) The load management and effectwc utilization of energy will be continued in the futurc as

- vell, .
. (b} The annual average populatron mcrease rate in Jordan wrll remain within 2 ~ 2.9% by

2010 with the population reaching 6.1 ~ 69 mrllron in 2010.- Due to retum of Jordanian
immigranl's from" overseas corintrics'a'fter thc end of the Gulf War, Ihe annual population
increase rate is estimated to be 10. 3% in 1990 and 6.5% in 1991, '
(c) The economic trend should be refleclmg in semng the eleclrrcrly lanf f.

(d) The annual average economrc growth rate will remain within a range from 2% to 6.5%:

(3) ]:leclnc power demand forecast values -
The overall electric powei demand forecast values (MW and GWh) and growth rate thereof
throughout the country are presemed in Figs. 3.3- 10 and 3.3- 11 However, any porlron of

elecmc power sent to Syria is not mcludcd in lhcse diagrams:

The electric power demand forecasl values (GWh) by the categones of consumpuon are
presented i in Fig. 3. 3. 12, ' ' '
(a) Residential demand

" The residential power demand is forecast to grow al an annual average rate of 6.1% in 1995
* through 2000 and 4.5% in 2000 through 2005. '
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Since the increase rate in the number of residential consumers will become lower as closer to
2010, the growlh rate of residential demand will also become lower. This reflects the

- completion of regional electrification projects and slowdown of population increase rate.
- (b) Commercial power demand
“The comniercial power demand is forecast to grow at an annual average rate of 8.0% in 1995

through 2000 and 4.8% in 2000 through 2005.

(o) Industrial demnand

The indusirial power demand is divided into big and small consumers. The‘big industrial .

deniand is forecast to grow at an annual average rate of 8.2% in 1995 theough 2000 and 3.0% in
© 2000 through 2005, while the small industrial demand is forecast to grow at an annual average
rate of 8.2% in 1995 through 2000 and 4.3% in 2000 through 2005.

(d)  Water pumping demand

- The water puniping demand is dmded into big and small consumers. - The big water pumping

demand is forecast lo grow at an annual average rate of 10.0% in 1995 lhrough 2000 and 10.4%
in 2000 through 2003, whilé the small water pumping demand is forecast to grow at an annval

“average rate of 4.2% in 1995 through 2000 and 2.0% in 2000 through 2005.

(e) Serv:ce demzmd
"The secrvice power demand is forecasl 1o grow at an annual avetage rale of S. 1% in 1995
lhrough 2000 ancl 3.0% in 2000 thmugh 2005. '

(f) Public street lighlmg demand

The public road (street) lighting power demand is forecasl 1o grow at an annual ave{age rate of
5.7% in 1995 theough 2000 and 3.9% in 2000 through 2005.
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34 Electric Power System
34.1 Present Situations of the Power Systems and Extension Prajects thereof
- (1) Present situations of the power systems

The trunk power systems in Jordan are muiually interconnected to the 132 kV (ransmission

" tines through the power slations and substations owned by NEPCO throughoui the country.

~ Qut of a total line length of 2,776 ckt-km, 670 ckt-km is used for interconnection between the -

Aqaba ‘Thermal Power Station and Amman South Substation through the transmission line with
a design voltage of 400 kV. Meanwhile, this transmission line is scheduled to be boosted to
400 kV by the end of 1997, The trunk power systems in Jordan are presented in Fig. 3.4-1.

(2) - Power system exlension projecls

:A project has been pmmoted for mterconnecnng mutually between Jordan, Egypt, Iran, Syria
“and kaey lhrough 400 kv transmr:smn lines in the future. . - Thereby, the power systems in
Jordan ar¢ expected 1o be reinforced by reah?mg mlerconneclxon to Lgypt at the southern part
and Syna al the norlhem part of the counlry ' :

For 1he purpose of realwmg mlerconneclmn beiween Iordan and l:gypt in July 1997, the work. 4

- for laymg submarine cable (AC 400 kV, 300 MW single core 1 000 mm’ OF cablc) has been

promoted over_a distance of 13.6 km between the Aqaba Bay (water depth: 85 m) in Jordan'and - -

Taba on lhe Sinai Peninsula. To enable interconnection based ona DC sys{em as ‘well, four

smgle core cables are scheduled to be laid.

For the purpose of realizing interconnection between Jordan and Syria by the end of 1997 on
the other hand lhe technical studies are bemg carried out by an Gverseas consullanl

342 Control Svstem for Power Planls, Transmissmn Lines, substations ‘and
Distnbutlon Lines '

~The 132kV tr:'msm_is'sion lines, power stations; substations including the circuit breakers for 33

KV distribution linés of NEPCO are supervised and controlled from the Control Center installed -

_ éoncunently within the Amman South Substation. Moreover, the load dispatching services
including instruction for startup and shutdown of power stations, electrical energy production
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and so forth arc alsa carricd out from the Control Center.

In the case of JEPCO, the 33 kV, 11 kV and 6.6 kV circuit breakers are controlled from its own
Control Center within its head office building. ~ Since any control center is not owned by
IDECO, the 33 kV distribution line circuit breakers for jts 33 kV distribution lincs are controlled
fram the Control Center of NEPCO.

343 Power Supply Reliabitity .

“The 132 kV power system in Jordan is of a doublecircuit configuration, and cach main

substation is of two-bank configuration. - Therefore, the power supply can be ensured even in

the cvent of one circuit or one bank shutdown. ~Although the 33 kV or lower MV and LV

" distribution lines arc of a onc—circuit configuration, the ad_]dt‘(,nlly located distribution lines

havc been desrgncd rcspeolmly s0 as to crable switching over mutuatly to and from the other

distribution line, Thus, it is possible to supply power from another dlslnbuhon line in the

wonl of shutdown of one dlslnbunon line.

On the other hand, the ILSPL(“I\’C distribution substations arc of a one- bank Lonflgur.ltmn

: Thus when one bank has been shut down, power supply from two or more LV dislnbuhon lincs
- teceiving power from the corrcspondmg bank will be mtc:ruplcd Howwcr in SOMC cascs itis
* possible to supply power from another distribuiion line by swuchmg aver to and from mulua!l)

mterconncctcd dnstnbuhon hnes as mcnuoned abovc

KX R Syslemﬂnaiysis’1\1¢lhnd_

In the case of NEPCO, system analysis is carricd out by using the analysis software, PSS/E

dcvcloPCd by Power Technologies (Inc.) of the Umtcd States. - ‘The available analysis items arc
- as follows: '
2. Load flow

'b. Balanced and unbalanced fault analysis

¢. Network eqmpmenl construction

d. Dynamic simulation
345  Frequency of Power Outage

In Jordan, the frequency of power outage per consumet is 6 hours per year.
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3.5 Transmission and Distribution Systems
3.5.1 Analysis of Power Systems in the Entire Transmission Network

By using the above-mentioncd system analysis software PSS/E, systent analysis including

analysis of power flow is carried out by NEPCO for construction and exlensmn of its power

© stations, modification of power systems and other purposes = As in 1995 the system capacity in

Jordan is about 1,000 MVA. The Study Team has carried ou:l power flow analysns by using
“CASTLE", a syslem analysis software, and confirmed the conditions of system stability at the
same time.  The power flow has been confirmed fo become the same as the results of

calculation carried out according to PSS/E. - Moreover, the difforenco’ of the phase angles in

‘the power system has been confirmed to be 17 deg. in maximuni (HTPSGN7 and RESHAH)

and ensure stable operation (Refer to Appendix 3.5-1).

352 Operation, Maintenance and Ma'nagem'gnt System
{1y Operation and managemient of generator (units)

" For r¢alizing economically optimum and highly reliable power supply thiough i:ompu'te'r system
*analysis, the output of generator units and those to be standby are determined or _sclecied from

the Conttol Center of NIIPCO in accordarice w:lh the load curves lh this case, the results of

j computer analy51s ace senl Io the generator operauon staff

*(2) : Maintaining the 'frequéncy and voltage at éppropriate levels

The frequency and voltage are controlled as follows to maintain the same at appropriate levels:

: (a) I‘requency

According (o ‘the under- [requency relay (UFR), lhe level of frequency drop is dmded into nine

. stages from the flrst theough the ninth step.  In the case of the first step, 4. 8% of the total load

will be automaucally mlcrrupted when frequency drop. to 49 1 Hz has continued for 0.4 seconds
and in the case of the ninth stage, 56.9% of the total Ioad be automatically m!errupled when

frequency drop to 48 Hz has commued for 0.7 seconds. -

(b) Voltage .
For voltage control, the power capacitor is controlled based on the command from the Con(rol

3-21



Center, bul the transformer tap is controlled automatically.
(3) Montitoring and control of cquipment

From the control center of NEPCO , the load conditions arc monitored at 35 positions and
circuit breakers for 33 kV or higher voltage substations including those of IDECO are remote—
contealled. - From the head office of NEPCO, it is also possible to monitor the voltage of 33 kV
- 132 ]~.V systems and load conditions (A, kW, and MVA) Meanwhile, the miscellaneous data

mentioned above are recorded cvery 30 minutes and kept for one w:.,ck

~In case any circuil breaker has been interrupled automatically due to the action of protective
rclay, the such information will be sent to the control center two seconds after such interroption.
In case any 132 kV systein has been fnterrupied automatically due to the action of main

protective relay, then the circuit breaker will be reclosed automatically.

From Contml center of JERCO, ]5 snbslauons arc n,mote contmllcd and the load Condluons of

MV distribution lirics and transfonncrs arc momlorud
(4) - Maintenance of substation

'Allhough the pcnodlc maintenance of cucuu brcakcrs is carried out once a year, the vnsual

mSpcctmn of other cqulpmcnt is carcicd out oncc a momh
3.53  Load Ma_nagc:‘nent Syslem

Simitarly as in Japan, NEPCO has positively been promoting leveling of the load by shifting the

load in the time zone when peak load arises to that when there is a margin in the generating -

capacity. According to this policy, many farming pumps are operated actu_ally' in the cvening: '

as récomnmentled: m'operétc Su_ch pumps during the off-peak time zone in the cvening
particularly in summer,  The load has also been:conducted to the off-peak load time zone
according to the policy for electricity tariff as the consumption of eleciric power during the time
zone when peak load arises is reduced by adopting the three--shift working system in industrial
plants énd so forth, . | -




3.54 Peak Load in Major Substations

“The peak load arising in major substations of NEPCO are as presented in Appendix 3.5-2.

Although there s an allowance in the equipment capacity as a whole, some substations are

overloaded al the time of one bank fault.

3.6 - Present Situations of Vollﬁgé Drop and Fulure Tasks for Imiprovement

(1) Present Situations

Accordmg to the present situations in Jordan, it will be necessary to subslantlally improve the

voltages in the low and medium voltage distribution lines. As a result of executing (rial

calculation of voltage in low voltage distribution lin, the vollage is observed to have droppcd

by as much as 25% or over in some distribution kines.

0 Future tasks

The comm_oh causes of subs{a'miél voltage drop in the low and 'mediusﬁ Kvoltagc. distribution
tines deemed to be as follows: ' | ' '

-~ Overloading in long distance distribution lines

- Application of smaller size conductor '

- Low power factor

- Moreover, the load to low voltage distribution lines is deemed to be excessively unbalanced.

 ‘The improvement of voltage will not only be reflected direclly 1o the improvement in the

services to consumers but also lead to reduction of power loss.  When the situations of voltage
drop as mentioned above are taken into consideration, it will be of an urgent necessity to study

the situations of voltage drop.
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" CHAPTER 4 PRESENT SITUATIONS OF ELECTRIC POWER LOSS

4,1 Present Situations of the Recorded Data of Poiver Loss

4. Actual Situations of_"l‘ral.l'smiss‘imi and Distribution Loss Rates

'-T_he power lgsses in the entire power systems throughoul Jordan have been clarified by
- classifying itinto: o :
- Energy lost as auxiliary energy consumption in power plant {Power plant loss);

- Encegy lost in the transmission circuils ranging from the primary circuit of step up

- transformer in power plant to the secondary circuit of step-down transformer in the MV
systems {transmission loss); and o
- Energy lost between the secondary citcuits of major substation and consumers in the LV

systems (distribution loss).

The loss rates expressed in terms of the ratios of energy lost in power plails, transmission and

distribution systéms to the total energy generated in 1995 are as given below:

Auxiliary energy consumption in PS : 5.8%

Transmission loss : 2.0%
Distribution loss : 14%

(Transmission and distribution : network loss:  9.4%)

In Jordan; lhg-#oltage is classified into threé classes: namely, high voltage (ILV: 132 kV),
medium voltage (MV: 33 kV, 11 XV and 6.6 kV), and low voltage (LV: 415 V). As the
transmission loss refer lo a RV loss, the distribution loss refer to a sum of MV and LV losses
respectively according to the past records, it is difficull to identify the difference between the
MV a'nd_ LV losses. However, only the NEPCO has been metering the energy respectively in
its MV and LV-s:yslems. Therefore; the distribution loss in NEPCO system is divided into
those in the MV and LV systems.” A conceptual diagra'm of metering the energy is presented
in Fig, 4.1-1. .
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4.1.2 Metering Data Related to Power Loss and Anatysis thereof
(1) Trend of the overall energy loss rate in the entire power systems in Jordan

The overall energy loss rate including auxiliary power consumption of power stations in the
power systems of Jordan has been undergoing litite chianges at a rate of 15% or over for the
past several years as presented in Table 4.1-1.  Out of this total loss, the auxitiary energy
consumption in power plants is roughly 6%, and the transmission loss is moré or less than 2%.

Therefore, the majority of network loss is ¢stimated to occur on the disisibution side.

When the energy loss on the distribution side is viewed by the respective power compamas the
distribution loss of NEPCO is more or less than 14%, and (hal of IDECO is 13% or over, and
tends to be on the mcrease in the case of both companies. Allhough the distribution energy
loss of JEEPCO reached as high as 16% two decades before, the energy Ioss has been lowered

gradually and recenlly 1mprovcd to 8% or over.

) Trend of the enérgy_ loss rate in MV and LV sjslcms_

: ln the case of NFPCO lhe energy sent out lo MV system and thal sent out to the LV system

are respeclively metered. Consequently, the enérgy loss rate in the MV system and that in the

LV system have been clanfled individually. According (o lhe metering data in fiscal 1995, |

the ovem!l rate of energy loss in both the MV and LV systems is 15.05%. Wlnle the energy
1055 rate in lhe MV system is as low as 5. 01%, that in the LV system is so hngh as even,
10.57%: ' ' ' ' :

~The highest distribution loss rate among those in the respective supply areas of NEPCO is

20.73% in Jordan Valley followed by Ma'an(l'i 18%), Tafila(i6 19%) as presented in Table
4.1-2. It can be said as a whole that the energy loss rate m the [,V syslem tends to be higher

~than that in the MV sys(cm

" Judging from the actual situations of the distribution Joss rate as mentioned. above, the
~ countermeasures for reducing the network loss will be studied preferentially for reducing the

loss on the distribution system side under. this Study. * Therefore, the representalive
distribution systems have been selected as described later. '
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Table 4.1-1 TENDENCY OF LOSS RATE (%}

MSTRIBUTION " TRANS POWER TOTAL

YEAR JEPCO IDECO JEA SUBTOTAL | MISSION | STATION | LOSS %
1975 15.97

1976 14.93

1977 13.33

1978 9,70

1979 11.06

1980 8.55

1981 10.48

1982 9.76

1983 10.11

1984 - 271

1985 833

1986 9.92

1987 9,36] -

1988 9.40 12.96

1989 945 1435 1030 1.66 662 . 1585
1990 892 | 12.97 9.93 240 6.63 15.74
1991 10.93 13.89 1077 214 6.60 1627
1992 9.50 13.17 1432 10.83 1.90 ' 6.35 ' 15.81
1993 9383 13.30 13.08 1119 181 648] 1539
1994 8.56 1333 . 1442 ossl 162 . 606 '15.09
1995 855 13,83 15,080 1048 236 Coss2l . i1ses

TRESD OF LOSS RATE

[ S DISTRIBUTION JEPCO
| —o-DISTREBGTION 1DECO
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L 4 s,

1

L 2, L
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YEAR
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1991 1943
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Table 4.1-2 ENERGY LOSS RATE OF EACH DISTRICT IN JEA IN 1995

DISTRIBUTION LOSS %
DISTRICT SENT OUT (MWh)  [SALES (MWh) MEDIUM LOW  |MED&LOW
| VOLTAGE | VOLTAGE | TOTAL
JORDAN VALLEY | 108,842 86,281 6.63 15.10 20.73
 [MAAN " 62,965 szj46 6@5 11.85 C17.18
lrariia © 22,398 18,771 6.14 cweqn| 36-?9
KARAK | 125,376 107,327 252 12,19 1440
AQABA ) 63,580  ndsaes| 540 R ST N TR T
EASTERN AREA | Bee7| 12246 3.69 696 10.40
TOTAL ' 496,828 422,039 5.01 10.57 . 15.05

DISTRIBUTIO‘I LOSS IN EACH DISTR]CT
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4.2 Measurement of Representalive Power Systems for Analyzing the Prevailing

Situations
421" Selection of the Representative Power Systems

In _eanding this study, it is inipoilant to clarify the location and rate of the sietwork losses
;ariéing in the power systems in Jordan. Consequeally, the distribution energy loss in the
'represenlative systems was measured preferentially to identify the locations of power loss,”
namely, to classify the encrgy loss into those ar'ising in the MV and LV systems. - At the same
time, consideration has been given to make it possible to clarify the ovtline of the transformer
loss in distribution substation included in the MV system and the service wire loss included in

the LV system.

“Substantially much time and enormous labor would geaerally be required where the energy
loss is to be measured h:ghiy accura!cly for clan{ymg the location of dlslnbutlon loss. For :
efficiently promotmg this stedy, therefore, the power systems representing the enllrc systeims |
were selected, and the measurement have been carried oul to estimate the dnslnbuhon ‘of

overall power losses.

- Tor promolmg clarification of lhe preva:llng s:tuanons of nelwork losses, the data available in
_ Jordan were baswally used. However, the data for the dlsinbuhon loss have not su{ncienlly '

been available allhough the data for lransm:sswn loss are sufﬁc:enl o cover the shoriagc of

“ such data, the measuren}ent_have beenexecuted, In the light of the necessity to complete the -

~ measurement within the pefiod of this study, the representative power systems were selected
~ from among thé entire power systems in Jordan, and the measurement have been camed out {o

c!anfy the locations of power losses.

In consideration that the disliibuti'oﬁ ioss data by supply areas and \)oltage classes have aifeady :
beeri owned by the NEPCO as described in Clause 4.1, the represen!alwe power systems were
| selected from the distribution systems of the IDECO and JEPCO. Meanwhlle distribution
loss have been _clanﬁed in the case of both of the powes companies, and since the toss in MV
“system can easily be identified where that in the LV system can be clarified, the rep:re;r,enlati\ie
sys'tems have been sclecked only from the LV systems. Moreover, the 'represe'nlalive system
- were selected taking into account the followmg requirements |
- ‘The distribution system selected should adequately represent lhe features of the entire

systems in Jordan;
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~ It should be possible to measure the cnergy being sold to any consumer connected to the
representative systeras for measurement separately from any other system.

~  Any representative system should never be switched over during the measurement period.

The system which would meet such conditions as mentioned above is extremely limited,  Asa
result, it could not recessarily be said that :iny representalive system truly represents the entire

power S},stcms in Jordan as initially intended. - However,' the following four systems-

- recommended by the Jordanian counterpart have been selected as the r(,prcscntdnvc syslcms

The representative system of JEPCO . © — West Thehecba substation
— Abu-Zeghan substation

The representative syéicm of IDECO ~ Juhfia substation

- AL Rafecd substation

422 - Method and Schedule of Measurement -

With regard to the representative systems selected as mentioned prcviously the ‘powerrloss.

: mcasuremcnt was carricd out by using lhc fnl[owmg two technlqucs for clanfymg the causcs

and locauons of power losses.

Thc ﬁrst is a direct lcchmque of dxrectly mcasurmg the cncrgy seit out of the distribution

" substation in the representative system' and thc kWh readings of encrgy sold o the respective

consumets coniiccted to the rcprcscntahve system.

~ According to this method, the distribution loss rate is obtained from the following formula:

- Distsibution loss rate = [Ws - Wel/Ws x 100 (%)
where  Ws:' Ilncrgy sent out of lransformcr
- We: Sold clccmcal encrgy



By execuling continuous measurement for one year, it is possible to minimize the errors that
might be occurred by reading time difference between watt-hour meter of consumers and wall-
hour meter of distributions.  Since the measurement period was so limited that continuous
measurcment for one year was impossible uader this study.  For improving the measurement
accuracy as much as 'possiblé, therefore, the measurement was started at the time of the first

field invesligation cassied out continuously for five months.

‘Fhe second is an analytical technique wherein the current, voltage and so forth are measured.

during specified time, and the power losses arising in the distribution line and transformer are

obtained based on system analysis and other means by using the above miscellancous

mieasurement valies.

- Although the power loss at specified time was measured according to this analysis method,

" analysis was carricd out afler converting the current values measured based on the durahon '

curve and other load charactcnstlcs into those al the nme of peak load

As a resuli, the energy loss (kW) at ﬁeak load is obtained according to this method.  The
coeflicient for éonverling the kKW loss at peak load into the kWh loss called a loss factor lS
_Calculaled accordmg to lhe following formula, from which the yearly energy loss can ba
ob(amed ' '
Yearly energy loss (kWh)
= [Energy loss (kW) al peak load] x[8, 760 (hr NE P
. whereP Loss factor
Asa loss factor, lhe emprncal formula of Buller-Woodrow
P =0. 7[2 +03 f(where f: Load factor) is used.

(1) Measurement me’ihod

Although Ihé two dirccl and analysis lech'niques are available for clarilt'ying the power losses as-
mentioned’ prevrously, the measurement method are also different dependmg upon the_'

respcctwe methods as dcscnbecl below
(2) Measurement of loss in LV system

" The power loss in LV system has been measused based on the direct method.  As presented in
Fig. 4.2-1, the'energy in the secondary circvit (Point A) of distribution transformer and that

sold to constimer {Point B) connccied thereto have been measured during a same period, and -
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the distribution loss in LV sysiem including that in service wire has been obtained by

calculating the difference between the encrgy at Point A and that at point B.

In the light of the necessity to perform continuous measurement for as long a period as possible
including August when the peak of demand arose, this measurement had been carriéd out for
five months from April through to -August (1996).. The metering instruments: used for
measurement were the weu-hour meters for the secondary circuil Of ‘distribution transformer
and those installed al the respeclwe consumers for caimlalmg the electricity rate. In other
words, the energy (kWh) in !.hc secondary circuit of d:smbutlon teansformer and that sold to

the respective consumers were measured. ~ As the sold electrical energy, the values read

‘normally by meter-nien were adopted.  One of measureiment system of representalive power

system is presented in Fig. 4.2-1.

33KV or 11kV

o Distribution substation
Point A "

asv.
- Point B > : o :}Feeders

Note: mark > is appeared measurenent position
Fig. 4.2-1 Measurement system of representative power system ')

(b) Measurement for estimating the transformer loss in distribution substation

The transformer loss in distribution subslat:on has been esumated based on the analysis

*method, * For this purpose, this measuremenl was carried out in August when peak load arose

during th¢ measurement penod mentioned above accordmg to the following method:
1) As presented in Fig. 4.2-2, the measurement was camed out by msla!lmg a'load analyzer -
to the secondary circuit of transforiner al PoimtC. L :
2) To clarify the changes of system conditions on weekday and hohdays the measurement
was carcied out just al ¢very hour for a measurement period of three days including holiday |

(Friday) per systen.
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" 3) The load analyzer was uscd for the measurement,
4) The miscellancous measurement quantitics are the power (kW) sent out to the sccondary
circuit of transformer, bus voltage and the power factor in the secondary circuit of

transformer.

S ,,"T,,;Iﬁ,f,,,-7,,,,_,”“,” - 33RV or 11kV
(-2 |
‘/) " Distribution substation
: Point C :
e : e 415V

- }Feeders

. Nole: mark > is appeared mcasurement position
Fig. 4.2-2 Measuremenlt system of representative power system (2)
(©) Measurement for estimating the service wire loss

For ¢stimating the seevice wire loss, the measurement was carried out according to the analysis

method.

1) The measurement was carricd out by using a clip-on meter at Point D as presented in Fig.

4.2-3. : .

2) This mcasuremient was carried out once per cach scwi'c'e_ wire in August when peak load
arosc. ' -

3) The miscellancons measurement quantities arc service wire current values, conductor size

and distance of the service wire.
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—- 33kVor 11kV

Distribution substation
415V
}eeders

PR — _ Disteibution pole
Point D % :}' P Ji """ )}‘ }Service wires

- Note: mark > is appeared measureinent position

Fig. 4.2-3  Measurement system of represenlative power system (3)
4.23  Results of Measurement

(1) Distribution loss in LV syslem _ _

Presented in Table 4.2-1 are the total values of the. :esulls of measuring the energy in the.
~ transformer secondary circuits, of the representative power syslems of IDECO and JEPCO for
fwe months as well as those of measuring the: energy sold to the respective consumers
However the measurement results in the case of JFPCO (West Thcheeb'l and Abu- Zeghan) are

' based on the four months® values,



Table 4.2-1

Results of measuring the encrgy of representative systemn

(1) Juhfia
Supplied encrgy Sold energy Energy loss | Loss rate
‘from the transformer secondary circuits | (o the consumiers
A ' (B) {C=A-B) - |(@A*100)
o 225,850 kWh 195,734 kWh 30;116 k\\’ﬁ 133 %
(2) Al-Rafeed
" Supplied energy Soldencigy : | Energy foss | Loss rate
from the transformer secondary circuits | to the consumers
| (A | (B) (C=A-B) = [CIA*100)
" 242,062 kWh 227,534 kWh ' | 14528kWh | 60%
(3} West Theheeba
: S_u’pplie'd enerpy Sold energy . © | “Iinérgy loss Loss rate .
from the transformer secondary circuits | to the consumers o o .
' (A) By (C=A-B) - [(C/A*100)
126,240 kWh 120,654 kWh | - 5,586 kWh 44 %
- {(4) Abu-Zeghan
Supplied energy | _ | Sold enesgy Eaergy kios'é Loss rale
from the transformier secondary ciredits | to the consumiers| S
(n) (B) (C=A-B) '|(C/A*100)
109,093kWh | 20,754 kWh | 16.0%

129,847 kWh
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(2) ' Transformer toss in distribution substation

“The results of measuring the power (electrical encrgy) and power factor, current and phase-to-

‘phasc voltage in the secondary circuits of distribution substations of the representative systems

arc as presented in Appcndixeé 4.2-1" 4.2-4. - These charts are présented Appendixes 4.2-6

4.2-9.

(a) Resitlts of measurement
- 1) The difference of the fluctuation of dummd in thc LV systcm on wcckd‘:ys and holidays
is small. Morcover, the timely change of power factor is not large and remained at roughly
constant values. However, the power factor is 001151d<.r1b1y lndppmpri‘llb as the avérage of-

those at thice subst_auons is not more than 0.8 with the lowest being 0.77 at the West Theheeba

'Subslallon

2) The balance of the respeclive phase current values is gcnually Iarg,e although the values.
vary dcpendmg on the arcas. Thcn,forc, lhc ncutral line cureent was observed to be roughly
equal to the main line custent in some cases. ‘ :
The smatllest and largcst unbalance factors of the rLSpE:Clwc pha% cumnts at pcak load are 6.11
for West Theheeba and 0.62 for Abu—Zc,ghan, while the smallest and hrgcst neutral hm._
currents aré 41 (A) for West Theheeba and 85 (A) for Abi-Zeghan, rcspccuvcly

'3)  The ling voliage is well balanced between the n,Spcc{M, phases. _

4) The voltage drops subv.tant:ally during the lime zone when the load is hlgh in the

evening. * The largest voltage drop {s 12% of the rated voltage of 415 V in the casc of West

“‘Theheeba.

In the case of the repn,sentatwc power sysu,ms the' dlfi(.l’bl]CC in the trend of load on weekday
and holidays is not so large; the timely fluctuation of power factor is small; and the voltage

drops substantially at peak load as mentioned previously.

- Judging from these faets, the three-days’ mean values al pcak load arc uscd for analysis. In
- consideration’ that these threc— days mean valucs at peak load arc based on lhc esulis of
© measurement on mlcnscly hot days in August 1996, these values were used for :mal)Sis on the.

" assumption that these are maxunum values throughout a ycar Prcscnted in Table 4.2-2 arc,

the respective mean values of the power demand power factor, rcspccuvc phase’ currents, and
line voltage in the four fepresentative power systems for three days during the measvrement

period.
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" Table 4.2-2 Results of measuring the representative power systems

Line voltage of phase Clo A (V)

Juhfia Al-Rafeed | W.Theheeba |Abu-Zeghan
Peak demand (kW) 129.33i 13403 137.13 76.42
" Moan values of power factor - | ~ 0781 | 0852 0.769 0.773
Current of phase A (A) 200.5 210.8 - 2933 189.5
Current of Phase B (A) S 2463 | 2737 264.0 " 156.1
Current of phase C (A) 847 | 2457 263.3 98.5
Current of neutral (A) 769 | 471 41.0 84.5
Unbalance factor | 0345 | 0258 0.110 0615
"Line vollage of phase A to B (V) 3949 384.8 3733 385.4
Line vollage of phase Blo C (Y’) 3925 3813 . 377.4 3é6.8
' vy| 3934 | 3821 3722

385.0

- (b) Caleulation of electrical power and énergy losses in transformer

" By using the above measurement data, the electrical power and energy losses in transformers

o “have been calculated as presented in Table 4.2-3 below:

* Table 4.2-3 Power loss in transformers of the representative power systems

Al-Rafeed

Juhtia W. Theheeba | Abu-Zeghan

Peak demand (kW) 12933 | 13403 | 13713 76.42

" (kVA) 16560 | 15732 | 17833 93.86
Energy in secondary circuit 805,532 834,806 854,114 © | 475,953

of transformer (kWh) ' ' o .
Transformer Capacily (kVA)Y - 250 - 250 . 250 200
Core loss (kW) L osi0 | 0510 10510 0463
- Copper 10ss (kW) 2248 | 2248 | 2248 | 1853
| Yearly core loss(kWh) 44676 | 44676 4,467.6 ' 4,055.9
Yearly copper loss (kWh) - :4;900.9 44229 - 5,683.1 2,249.5
Yearly irans’forme'r loss (kWh) ‘9,368.5 8,890.5 10,150.7 6,305.4
| @ | 115 1.05 117 | 131
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where,
[Energy in secondary circuit of transformer (kWh)] = (Peak load) x {load factor (= 0.711)}
x 8,760
[Yearly copper loss (kWh)} = [{Copper loss (kW) x A x A x {Loss factor (= 0.5672)} x
8,760]
A = [Peak load (KVA)Y/[ Transformer capacity (kVA))

(3) Power loss in service wire

(a). Results of measuring the power loss in service wire

" The resulls of measuring the distribution loss in service wire are presented in Appendix 4.2-5.

{b) - Calculation of energy loss in service wire

By using the tesulis of measuring the ‘current in service wire, the energy loss per Wh of load

+ energy (Wh/Wh} flowing in conductor has been calculated as follows:

(Encrgy loss] =(Current value)’ x (Conductor resistance) x (Loss faclor) X 8,760 (Wh)

* {Energy load]=(Measured current) X (Line-lo-'gEouﬂd voltage) x (Power factor) x (Yearly load

factor) x 8,760 - (\Wh)

- . The calculated energy loss (Wh) per energy load (Wh) in service wire is as listed in Appendix

425 and the mean values in the respective substations are as presented in Table 4.2-4,

‘Table 4.2-4 Mean values of eneigy .loss i service wires

Substation . Juhfia © | Al-Rafeed | West-Theheeb

Energy loss per energy]  0.03 ' 0059 | 0a1ss
load % . : 3 —

‘The energy loss in seivice wire is quite small wheh compared with that in the LV system as

clear from the above values. Therefore, this energy loss is'jUdged: to be negligible.



4.3 Distribution of energy Loss in the Representative Systems

(1) Energy loss in service wire
As indicaled the values in Table 4.2-4, the encrgy loss in service wire is so sinall that it can be

neglecled.

(2) Energy loss in distribution line
- As presented in Table 4.2-1, 4.4 ~ 16 % of the encigy supplied through a distribution

transformer is lost iri the LV distribution line.

Juhia  13.3%

-~ Al-Rafeed ' 6.0%
West Theheeba : 4.4%
‘Abu-Zeghan < . 160%
Average : - _ 9.9%

(3) Energy loss in distribution transformes '

As préscnted in Table 4. 23,0 1. 1~1.3%of lhe eneigy supplied toa dlslnbuixon
transformer from lhe MV syslcm is Jost in the distribuiion transformer. '

Juhia Z _ 1.2%

Al-Rafecd 4 1.1%
~ West Theheeba _ . 1.2%
‘Abu-Zeghan U 13%

| : Avérage K : : 12%

Theiefore, roughly 1.2% is considered ta constitute the enerpy loss in distribution transformer -

based on the received energy.
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4,4 Bistribution of Energy Less in Jordan

The total energy generated throughout Jordan in 1995 was 5,365 GWh. Out of this total,
4,525 GWh was actually sold. - The total encrgy loss was 840 GWh and corresponds to

15.65% of the total generated clectrical energy. Meanwhile, the distribution of power loss in

Jordan in 1995 is presented in Table 4.4-1.

- (1) Energy loss in the transmiission systems

Out of 4,612 GWh of encrgy transmitted lhr‘ougﬁ the 132 kV systems, 109 GWh or equivalent
to 2.0 % of the total generated energy was lost in 1995.

(2} Enefgy loss in the distribution systems

~‘The eriergy seat through the distribution syslems in Jordan in 1995 was 3,768 GWh. Out of |
this total, the sold energy was 3,373 GWh and the nctwork energy loss was 395 GWh or -
o equivaleat 1o 7.4% of the total géneraled clectrical energy.  Out of 395 GWh of energy loss,

117 GWh (2.2%) is estimated to have been lost in the MV systems, And 278 GWh {(5.2%) is
estimated to have been lost in the LV systems. Refer to Table 4.4-1 and Appendix 4, 4-1.

- Meanwhile, 1.2% of distribution transformer loss based on the receiVed encrgy described in

Section 4.3 corresponds 1o 0.8 % of that based on the total generaled encigy.
The figure can be obtained by followmg equation:
- Flossrate2=Tloss/Generation
Tlossratel=T, lossf(Salcs+LV!oss+Tloss)
Tloss=Tlossratel x (Sates+LVloss+Tloss) _
T loss(l-TIossratel) {Sales+LVloss) x Tlossralel.
Tloss= (S aIes+LVloss) X Tlossrate1{(1-Tlossralel)
-~ Tlossrate2=((3, 3734278) x 0. 012)/(1-0 012})!5 365
; =0,00827.
“where | ‘Tiossratel Transformer loss rate based on lhe received energy

Flosstaté2 : Transformer loss rate based on the generaled energy

" Tloss Ttansformer loss
LVioss :Lossinthe LV syslem
Sales  :Retail sales energy
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Network energy fosses in 1995 are summarized as follows:

Transmission loss 20%
MV system Line 1.4%

Distribution loss - Transformer 0.8%
LV system 52%

* Total network loss 1.4%

In the light of the above data of energy loss, it can be said that the loss rate in the LV systems
tends to be high as a whole. . - In consideration of such ac{ual situations of loss rate, it would be

essential to place a priorily on the covntermeasures for reducing the power loss in the LV

-systems under this study.
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