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OUTLINE OF TITE FORMULATION OF TRANSMISSION AND DISTRIBUTION
POWER 1.0OSS REDUCTION PLAN

“ 1 Flow of the Study

- (1) ' Present situations of transmission and distribution loss throughout Jordan

' The transmission loss rate and distribution loss rate in 1995 was 2.0 % and 7.4% respectively '

and the total network loss was 9.4%, according to’ ‘the annual_report of NEPCO. ‘the '

" measurement and calculation of representative LV(Low Voltage) feeders were implemented
under this study for the purpose of sorting out the disteibution loss into the LV loss and the _
MV(Mcdwm Vollage) loss. The result showed that MV loss rate and LV loss rate were as
F 2.2% and 5.2% respectively. - These facts indicate that a large portion of the iransmission and
dlstrlbullon loss as the objective of reduction is iakmg place in the distribution systems

especmlly in the LV dlsmbullon syslems
(2} The systems chosen as objective of the studied

. The J [CA Study Team narrowed the study down to the power loss':reduclion in the LV and
- MYV distribution systems and proposed as a master plan, basing itself on the assumption that

any power loss reduction countermeasure should bring about ]usnhablc €00oR0Mic benef:!s
- {3) The approach to the opiimum 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 samiple” sludy method was selected therefore, for estimating the
potenhal of loss reduction in entire power system,

Firsily, 81 feeders from the LV system 'and 14 fecders from the MV syslein were sdected as
"‘Samplc -1" system.| . Then they were mmute]y analyzed by means of software provided by the
?JICA Study Team . The relation betwéen the feeder curreﬁl and coé,t of power loss
‘reduction were converted into a mathematical model based on the result of the above analy51s '
Secondly, this mathematical model had to be applied to the entire power syslems of Jordan
Two percent {2%) of the entire distribution substations in Jordan was selected by a random
sampling method. The LV feeders which wete connecied to those substations, and all feeders
in the 33 kV system were chosen as 'samplé-Z". Then -the potential of feasible



countermeasures {wherein the benefit exceeds the cost) has been estimated regarding the entive

relevant systems, bascd on the mathematical models.
(4) The priovity order of the power loss reduction countermeasares

" The three kinds of loss reduction countermeasures are implemented according to the priority
order as shown below: : :

1) The reduction of the unbatanced current jn the LV feeder is implemented as the top
prronly, as it is effective in the loss reduclion and does not require any investment.

- 2) The power faclor 1mprovement in the syslem by installation of capacitors brings about
high investment efficiency (high B/C value). The installation is promoted within the limit of
not causing over-compensation at the time of light load. .

3) As the above two methods will not yield big enough volume of loss reduction, the plans of
new line construction should be considéered in addilion to these two methods, Such plans

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

- (5) ’l‘arge‘t fiscal years and annuat allocation of the power loss reduction plans

The larget year was set to slarl from 1999 and (o end in 2008, allowing lwo ycars of

preparatory period a[ter 1997 when this study wrll come to an end,

The work execulion period was formulated based on the load conditions in 2008 and annually
allocated along wrth the priosity order of Item (4) above and takmg into account the scale of
: benefits, averagmg of work volumés and other condrlrons '

(6) Setling of a!terhaﬁve countermeasure plahs

With regard to the potential of the overall power sysienis in 2008 obtained in Item (3) rabove

94,1 MW of power !oss is eshmatcd o be rcduced with the net cosi of JD 6357 million, '
cxcludmg price escalation and so forlh “The allemauve plans A, B, C, D and P were

formulaled on lhe basrs of this polenhal
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2. Outlinc of the Plan

The outline of the five altcrnative plans are as listed below:

Alternative plan A} B c D E
Capacitor installation Capaci Ly(WYA) | -~ 191]  191] 9 19 191
LY new line construction - [No. of feeder | 1,533 1,989 2.5%8] ~3.881] 6,248
“ ¥ new line construction No. of fccder‘ g 1 15 . - 22 40
Total cost(1000 JD) for 10 years _ 20 000] 30, 000 '40 000 50 000] 63,570
" Power loss reduction(¥¥) in 2009Y 48 0' 6t.0] ~73.5 84.8] . 99.0
- Enérgy loss reduction rate 1o generation(%)] 1.8 2.3 2.8 . 32 3.8
Estimated network loss rate|Fithout - - 9.2 81 8.2 ‘1.8 12
to generation(%) : project 11.0% : :

Meanwhile, the cqtlma!ed nctwork loss rate of 7 2 % of the plan E is dcemed to be the vutually _

oplimum power loss mu,

3. Economic Evalualion and Financial Analysis

- According to the results of ccondomic and finanéial"analysié, all the Altermative works are’

féasible both in the cconemic and financial viewpoints.

o “Evaluation values of five altemalive plans are Iisted below.

Sunmmry 01‘ Resu]ls of FCBIIOIUIC and Fmancial Anal,\ ses

_ :\lternatwc Plan A B} C. b £
" Beonomic | BIRR | o491  20.08  17.80]  16.45 - 15.04
Evaluation|  B/C el e n4sl 0 L 1.23
Isccroooipy | anissl 10.687]  10.195]  9.604] 8142
Financial |  FIRR | 1573  12.80 11.36 10.33  9.27
‘gvalvation | Net surplus | 98,820 - 117.271 134,097  145.068| 154,836
| acoony - |- e N




4. Recommendaiions

The alternative plans proposed in this Study are highly significant in ctiminating the waste of
valuable natural resources and reducing environmental pollution from a global point of view.
- Also from economical and financial point of view, these plans are so excelient as to contribute
significantly in improving the cconomical structure of the nation and financia! sitvation of the

respective companices.

Out of the five alternative plans, the Plan £ is recommended to be adopted by Jordan power
sector, since this plan certainly makes it possible to realize an optimum power loss tate in

fordan, and will bring the largest net benefit among thie five plans.

The following items should be considercd for exceution of loss reduction project.

(1) The improvement of the three phase unbalanced current is recommended to be exccuted at

 the very beginning, regardless of financing from outside, as it docs not require any investment.

(2) In the second place, the improvement of power factor by installing C;lpak:iil)fS in the LV -

system is ‘recommendcd to be executed by sclf—fmdncmg or local bank loan, because it is

executable with alow mvcslmcm of lcss than one nnlllon .ID

(3) The quantity of loss reduction by improvement of the three-phase unbalance cuirént and

improvement of power factor is not sufficient. - The loss rate in 2009 will certainly increascby

the load growth, if no additional countermcasures aré adopted. - New ling construction
countermeasure is recommended to be éxecuted, because it is indispeasable to’ realize loss

reduction throughout Jordan.

A Iarg{, amount of mvcstmcnl and a large volumu of work for fcasnblhty study are required for
execution of this countumeasurc. ' Besides, efforts to oblain loans from fomgn counlri¢s may
alsa be uquarcd The outline of schcdulc of feasibility study and construcnon work is

proposed as the table shown belov/.
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-Qutline of Schedule for the Program

Year i [z (3 [4 [s 67 s [9 |w]u]mn

/S

|Designing .

|Constiuction

F/S

Dasigning :

Construction

less

Designing

Construction

LR The work and leas:bil:ty slud)r by Jordan ;mer seclor
C——_3. Consultant

'(4) For smooth and efficient exccution of loss reduction plogram developmpnt of

small capacily LV capamtor and study for high conductance line such as multi

- cireuit line, hlg size conducton ling or multl conductm lme ate recommended.
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CHAPTER 1. INTRODUCTION

L1 Background of the Study .

In the Hashemite Kingdom of Jordan, the majomy of power generation and transmission is
'underlaken by the Nalional Electric Power Co. (hercinafter referred to as "NEPCO") [which

was renamed and reorgamzed fror the Iordan Electricity Aulhonly (JEA) on Seplember 1,
1996] and posver dlstnbutlon in the areas other than the supp]y areas of NEPCO are

' underlaken by two prwate eleclric power compames [!ordaman Electric Power Co. (hereinafter
“referred to as "Ji PCO") and Irbid District Eleclncuy Co. (heceinafter referred to as "IDLCO")

Both of the private power companies purchase electric power from NEPCO and supply it to

~ their respective consumers.

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 consumption has consistently shown steady increase, and marked 4,778 GWh in
1995 roughly doubling the figure in 1986, at a high annual average growth of 8.3% during these

ten years’ period.

The ten years’ average rale of transmission and distribution loss in Jordan between 1996 and
1995 has been 9.4% . When viewed in blocks of five years, the average loss was 8.8% during
the first five years with the help of a one-time record low of 7% level. However, the average

loss increased to 10.5% during the latter five years, reflecting thie demand increase.

The reduction of power loss is a very important task which leads both to the future
improvement of the efficiency of energy consumption, and saving of construclion cost of power
plants and also development of power sources in Jordan, The Government of Jordan has made
an official request for the implementation of this Study from necessity of clarifying the causes
of such power losses, receiving recommendation of the method of its improvement, and
acquiring relevant technical knowledge and know-how of Japan through the training of the

staff of power utitities in Jordan.

‘In response to this request, the Government of Japan, through the Japan International

Cooperation Agency {JICA), has determined the implementation plan of this Project, after
dispatching a preliminary study team in July 1995, further in November 1995, discussing with

1-1



relevant local authorities regarding implementation of this project, carrying out field survey and
collect data and information. '
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 Meeting (M/M) concerning the Reduction of
* Flectric Power Losses in the Transmission and Distribution Networks in Jordan". On the
_ basis of these S/W and M_/M, the Government of Japan decided to implement full-scale study
and entrusted this study work to the JICA, '

1.2 Contents of the Study
(1) Objectives of the Study

- The objectives of this Study are:

1) lo pr0v1de countermeasures and recommendations for reducmg the power !oss in the

~lransmigsion and disiribution network down t0 a le‘vel reasonably altainable for the purpose of

improving the energy efficéip_nlcy of Jordan and sparing electric power equipment in the loﬁg

run.

'2) to carry out the transfer of technology (o the Jordanian counterparts coricerning the

formulation of transmission and distribution power mss 'r'cduclion_'plan du_ri'ng the scheduled

period of this study.

(2)  Scope of the Study

The arcas relevant to this study are the electric power supply areas of the NEPCO, JEPCO and
IDECO. The power losses to be studied are the technical power losses, excludmg the

auxiliary consumgtion in lhe power stations:

The kind of this’ study are lhose that have bcen camed out {o reduce lhe. power losses in lhe '

transmission and distribution networks in the relevant sludy areas 0 a reasonably alla;nable

| level within a targel pcrmd of the commg ten )ears
G) Items of t'he S!u_dy’

- The s{udy items are as presented below:
(2) - Collection, analysis and sludy of data and information

1.2



(b)
©
(d)
O]

{H

(8)
(h)"

&y
B

(k)
®

1.3

w

‘Siite survey _

Investigation of the situations of clectric power indusiry in Jordan

Anatysis of the present situations of power system

Execution of power measurement work |

Clarification of power losses and analysis of the causes thereof _

Estimation of transmission and distribution costs and equwalenl cosl of power losscs .
Development of power loss xeducuon model |
Formulation of optimum power loss reducuon plan

Dconomic and financial analysis '

Study of fund-raising niethod:

Technology transfer

Activities of the Study Team and Relevant Personnel in Jordén‘ '

Activities of the Study Team in J 6rdal'a ?

In l*ebruary 1996 lhrough to March 1997 the .![CA Study Team has exccuted the following

achvmes

" The first field investigation: February 24 ~ March 27, 1996

Lxplanation of the Inception Report

= Investigation and data 'collectiori of the siluations of eleclrid power induslry

T Sludy of the method of clanfymg the causes of power fosses

Sludy of the specnﬁcauons quantity and procurement methods of equipment and materials

{0 be procured

The second field investigation; June 17, 1996 ~ October 15, 1996
» " Execution of the measurement work

. Analysxs of the causes of power loss

Calculanon of plan oplimization s .
Selling the monetary value of costfbenehl power loss reducuon
Formulation of the benefit and cost model

- Development of foss reduction madel

Holding of seminats
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The third ficld investigation: November 22 ~ December 20, 1996
Explanation and discussion on the Interim Report
Calculation of potentiatity power loss reduction
Formulation of optimum power loss reduction plan
Estimation of loss rate afler execution of plan
Economic and financial analysis
Method of fund procurement

' Holding of seminar

‘The fourth field invésligalion: March 3 ~ March 17, 1997
Explanation and discussion on the Draft Final Report

* Preparation of the Minutes of Meeting

Holding of seminar

(2) List of Participants

The'coumarparts of the NEPCO, JEPCO, IDECO and the JICA Slu.d.y Tea.m .are as listed below.

NEPCO

. Mt ALLY, AL-ZUBI

* Mr. FALAH ABABNAH -
Mrs. REEM HAMDAN
Mrs. SUHA QOUSSOUS

Mr. TATSUHIKO MURAKAMI

Load Research & Manag_cme_nl Sectioin Heéd
" Blectric Planning Engineer o
Distribution Depariment  Electricat Engineer

Electric Planning Engineer -

Mr. KHALIL BADER Electric Planning Engineer -
JEPCO
Mr. ANWAR ELLAYAN Electric Planning Engineer
IDECO ) _ o
Mr. JEHAD ROUSAN ‘Head of Planning Section
JICA Study Team | ,
- Mr. KUNIO OKAWARA ‘Team leader/Power Loss Reduction Plan
Mr. TAKAG NAKAMURA * Optimization Model
Mr. KATSUHIRO MUKAI

Teransmission and Distribution Equipment
Power Measuring

1-4



Mr. YOSHIAKI ISHIZUKA ' Bconomic and Financial Analysis
JICA Head Office

Mr. AKIHIKO HOSHING Administrator
14 Grant_ of Equipment and Matexials

The Sludy Team procured the load ana]yzcrs and clamp CTs durmg the Second Site Survey in

Jordan, and used these instruments for power measurement. Al the same time, the Study

““Team purchased personal computers and used them effectively for calculation of power losses,

technology transfer and other purposes. Meanwhile, all the measurement instrunients and
compitters procured thent were granted by JICA to the Jordanian side when the Forlh field

" invesligation ended.

15 _ Pfemrélion of Sbflware

The Sludy Team vsed lhc power 10ss calculatlon software and the analysis so[tware developed

by Tokyo Eiecmc Power Serwces Co Lud. (T LPSCO) Thns enables easy calculat:on for
: anaiyzmg the power loss and preparing the power loss reduction countcrmeasures
“The Team granted the end-user’s licence of this soflwase to the Jordaman parties o lhat the

local counterpatts can use it also after complchon of this study

1.6 Training of the Counterparis

In order for the NEPCO coumerparls to follow up the power loss reduction plan during this

:sludy period, he !rammg of the counterparls was carried out in Japaa as follows, mamly leiting

them parllclpate in the joint work for preparal:on of the Interim Report;
" Parlicipants: Mr. Ali Yousif Moh'd Al-Zubi
S Mr. Falzh Qaseni Ahmad Ababnah
Period: October 20, ~ November 17, 1996 (29 days)
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1.7 Seminars

The Study Team held three times of seminars in Jordan for the purpose of pronioling

technology transfer to the relevant parties during this study period as follows:

(1) * The first seminar

The first seminar was hcld at the NEPCO's hcad of flcc on Augusl 20 1996 and at ihe lDl CO's
he‘ud office on August 21, 1996. : S '
Mainly for the purpose of explaining the outline of this sludy, eleclnc power loss analysis
model and economic evaluation as well as for introducing the outline of the power facilities of
the Tokyo Electric Power Co., Inc. (TEPCO) and aclual examples of the (rend of power loss
reduction of the TEPCO. '

(2) 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 contents of the Interim

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

(3) The third seminar
The thiid seminar was held at the NEPCO's head office on March 12, 1997
“The main theme of the seminar was the outline of this study and the contents of the Draft Final

Report.

16
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CHAPTER2 SOCIO-ECONOMIC SCENES OF JORDAN

The official name of the nation is the Hashemite Kingdom of Jordan in English
(hereinafter referred to as “Jordan”). - The capital cny of Jordan is Amman, The area
of whole nation of Jordan is 89,342 km’.

Jordan has conducled a Population and Housing Census in’ 1994. * According to
statistical data and informalion from the Deparlment of Statistics on that Census, the

~ total population of Jordan was 4,134.5 thousand with its population density of 46
‘persons per km®  Total number of households were around 679,000 and the average

family size was 6.1 persons per household. A population growth rate of Jo'_rdzin was
quite high as 4.49 % per annum, - |

Gross domestic product (GDP) in Yordan is JDS.3;214.6_ million in Cufr'enl prices and

- JDs.2,013.4 million in 1985 constant price as of 1993 at the value of factor cosl.
- According 10 a statistic data, an cconomic activity group of finance, insurance, real
“estate and business servnccs is the highest contnbutaon factor to the GDP 4s 16.3 % in
" share raté in current price level and 18.5 % in 1985 constant price level as of 1993,

while the second conlnbuhon factor is the group " of transport, storage and

~ communication as 12.8 % in current pnce level and 12.1 % in 1985 constant price level.

The manufaclurmg group is the 3rd one, and the construclion group is the 4lh one both '
m current pnce level and in 1985 constant price level

~In 1990 and 1994 the Govemmcm fmanccs of Yordan amounted to JDs. 938 willion and

IDs. 2,099 million in revenue and IDs. 11,033 million and JDs. 14’%’7 million in
expenditure with their rise rates of 22.30 % and 8.61 % per annum respectively,
Comparing with the growth rate of expenditure, that of revenue was quite high for these

. 4 years since 1990. A factor for this high rise in revenue was indirect tax revenucs,

éspcéiaily the fees for licenses accbrdingto the statistic data.

In 1967 and 1994, the lradmg amount of Jordan amounted to JDs 11,327 thousand and :

JDS 995,181 thousand in export and IDs. 55,048 thousand and s, 2, 362,583 thousand -

" in import. In Jordan, the batance of external trading was constantly minus side since

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



* In Jordan, 50 % or more of people engaged as workers and they were working for social
and administration services, and Jordan has GDP with a high share rate of producers as
around 19 %, finance and insurance, real estate and business services as 18 %, transport,

storage and communicalions as 12 % and nranufacluring as 11 % in terms of industry of
origin as of 1993 at 1985 constant price.

- Arable area in Jordan is only in Jordan valley. Considering these situation, almost of
all of people in Jordan depend on mining, quarrying and manufacturing industries for:

their economic activilics at the present.

In Jordan as of 1994; there are 6,856 km of road in lotal consisting of highway : 2,820
km, secondary road { 1,899 km and village road : 2,137 ki according to the stalistical
-data, ' o .

* Jordan has only one sea port in Aqaba, The tolal handled goods and number of vessels
- were 10,572 thousand tons and 2!486 ships respectively as of 1994,

~ Jordan has 1 international airports in Amman, and 1 .local'airpori in'AQabé The
passengers, and volume of freights. are 1,222 thousand persons and 54,584 tons
' respcchvely as of 1994 by Jordanian Arrlmes '

Jordan is now in on-going situation. of thc hconomtc and Soc:al Development Plan
1993-1997. The various pohc:cs and pr0_|ccls in this Plan have almcd at achieving’ lhe
'several cconomic and social ob;ectwes - ' '

'To achieve the said objectives, thc Plan had set the following framework :
1. On the viewpoinl of realization of sustainable growth in excess of population

growth rate, the plan aims at realizing a GDP growth rate of 6 % per annum at 1991
' constant price. * This would raise real per capita GDP by about 3 %.

2. On the vlewpoml of correctmg slruclural imbalances and achieving’ fiscal andl :

-monetary stablhty,
(a) Gradual reducnon in the budgel deflc;t 1o GI)P ratio, cxcludmg grants, to no more

than 3 % by 1997;
(b) Elimination of the balance of payments current account deficit by 1997;
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() Reduction of the external debt to GDP ratio 1o a level not exceeding 100 % by 1997;
{d) Reduction of the exlternal debt service as a percentage of exports of goods' and
services lo a level not exceeding 25 % by 1997, |

{¢) Reduction of the ratio of consumptlon to GDP to a level not e\ccecdmg 89 % by lhe.

“¢nd of the planned pcnod and

(f) Maintenance of the annual rate of inflation at4 %to S %.

= On the viewpoint of realization of balanccd social dcvelopmen! followmg to the social
~ diménsion that was vital for the success of economic development, the Plan said that,
-hence the importance attached to solving the problems of poverty and unemployment,
‘improving the quality and raising the standard of social services, and reducing
disparilics between the rcgioné.

On houschold income, the highest income lcvcl in 1992 was the household engaged in
industrial activity, the second ¢ in fmaucc and banking, third : trade, restaurant and

hotels with the amount of JDs.6,884, JDs.6,344 and JDs.6,147 rcspccti(rcly. It seems

that the_said-i'ncom_e'situation reflects the industrial condilion as mentioned previous:
clause. The average annual income per hdusc\hold mﬁy be calculated at an amount of
IDs.4,607 in 1992, - On the other hand, the average annval expenditure per houschold
was 1Ds,3,920 in the same )eér' “The balance between amounts of 'in'c'()me (JDSII4 607)

- and cxpendlture (IDs.3,920) amounting al IDs. 687 seeins o bc reserved for foods, or
- medlcal care or othcrs, or saved if remained.

The share rate of :cxpeﬁditure for fuel, eleclricity and \if'atc_r'was 584 %. The

 expenditure for the electricity may be calculated based on the data from NEPCO (former

JEA) at the amount of around Ds.160 as the average annual amount in 1992 which is
4.08 % among the said total expenditure for fuel, electricity and water.

‘ The_average'anllu'ai growth rate living index was 3.29 % since 1991 up to 1995 for the
- gene‘rél index aécOrding 10 the static data, '

~‘The ﬂuctuallon of exchange rates with US Dollars and Japanese Yen durmg lhe penod

fmm 1991 to 1995 is summarized below;
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Exch_auge Rates with US Doltars and Japanese Yen

__(3.Fils, middie rate) . -

Year LUS Dollar 100 Japanese Yen
1991 6800 o oses4
1992 679.8 5374
1993 6929 6250

1994 698.8 684.5

1995 7008 749.1

June 1996 709.0 651.0

Annual averape decreasing ratio (%) 0.72 % 10.23 %
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CHAPTER 3 ELECTRICITY IN JORDAN
3.1  Electricity Enterprises in Jordan

There are three electricily enterprises in Jordan, The one is a:slale owned eaterprise
belongmg to the Ministry of Energy and Mineral Resources named “the National Electric
Power Co. (NEPCO) (former called as Jordan Lleclnclty Authority = JEA)’. The other two
are private enterpnses named as the Yordanian Electric Power Co. (JEPCO) and the lrbld
District Electncuy Co. (IDECO). . The function and relationships among them are as described - |
hereunder. - Among them, NEPCO and ]DLCO have generation {aculmcs. JEPCO is a -

dls!nbu:mg firm buying electricity feom NEPCO. '

Functions and relationships among the three emerpnses are as follows

Electricity Enferprises in Jordan

Minisiry of : _
" Energy & : e
‘Mineral o ' ‘| ..
: Supervisory relation : ' " Resources : Supervisory relation
Jordania;‘l' - Bulk ;ale A National . Bulks-a):e | Trbid .
Electric Electric Dislrict
'l’bw\;ér Co. B ' Power Co, . tectricily Co.
oercoy | (NEPCO) _ (IDECC)
(Private) ' L (stateowned) (Private)
-Ekc:rici!y distribution : -Blectricity généraﬁon & -Electsicity distribution
. inits concession - _ transmission in a1} .l;ordan. i its concession
‘atea. . . . .;E!ec[ricilj distribution arca,

con'cessi:on ar.eas of NEPCO.

- -Tariff preparatioa,
 “Organization & coordination
of the technical matlers
of ihe electricity sector,

" <Electrical fnterconnection

with the neighboring countries.



NEPCO is not only a generating énlerprise but also a energy distributing enterprise too. The
energy is sold to JEPCO and IDECO, and other large scale industries as Refinery Co., Cement

Factories Co., etc. by NEPCO as bulk sales.  NEPCO’s interconnecting systen network covers

Aqaba arca, Ma’an and Shoubak areas, Karak area, Tafila area, Jordan Valley area, eastern arca,

and a part of Amman area for retail sales.
Number of eleciricity consumers in Jordan in 1995 was 674,000 in total with developing by
average annual growth rate of 5.34 % since 1990. Among them, NEPCO shares only 90,000

" of consumers with share rate of 13.4 %,

AL present, NEPCO has a plan to separate its energy distribution section as a independent

- private enterprise. A restructuring for this plan was already started since July 1996. Even

" the cnergy distribution section will become a private enterprise, the function to sell energy to

IEPCO, IDECO and to others as for bulk sales and retail sales seems to be kept as same as the .

presem situation,

- JEPCO and ]DFCO are energy dlslnbuimg enierpnses who are buymg energy from NEPCO as

mentioned above. Among them, IDECO has its own gcncraung station,

IPCO has covered the areas of a lacge part of Amman Governorate and Balga Govemoréte :
'mcludmg the cities of Ammarn, AJ -Zarqa, Al-Salt, Madaba and A} -Bag "ah, and IDECO has ;.'
covered the area of Irbid Govemorate mcludmg thc cities cf ]l‘bld Ai Ramtha, Al- Mafrak and

larash by their network.

According to the data from NEPCO, energy secvices p0pulaliqn. in .1995 was 4,’254 thousand
with electrification rate of 99.2 % to the total population as of 1995.

The situation of income and expenses fo.r NEPCO, JF.PCOIan.d IDECO are summarized bc.lo‘w.
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Summary Statements of Income and Expenses of Enterprises

(ibs)
NEPCO IEPCO IDECO
in 1994 in 1995 in 1994 Sin 1994
. REVENUE 128,439,585 118001013 SEI8T004 21,490,002
% _Elccuicn,;s_arc; 119242838 © 12002477 84567035 16897571
Other income . 9,196,747 6BSESI6_ | 4219960 4602431

"GROSS EXPENDITURE | li4466691 126220731 - B2828241 0 20726318
Operation/puichase 70,366,46—1 ?1.763,510 - 65,925,198 18,536,513 :

Other expenditure | M00230  dsdsepal 16503083 2189825
- NET PROFIT 13972891 12671282 5,658,763 763665

_ Based on the financial statistics of NEPCO, the actual average tariff may be calculated at a sum

of Fils.37 per kWh in average as of 1996 as shown in the following Table.;

Actual Average Electricity Tariff in NEPCO

@_ ' _ .' . ' Domestic Bulk - Medium and - Commércial “Agricultur Others: Tatal
Sector : " andpublic  industry - small industries | e & Water. '
building pu}nping; | _
. Shae of - 3235 1654 13.74 10.96 20.32 609 100,00
:cons;umpiic-m(_%) ; L
Shareb[rc#enu-es('?;) 664 17.26 - '1‘0.‘30 : 14.87 1563 480 100.00
| Aversge Grff(FilskWh) 4167 3849 2900 - 5000 2836 2909 3683



3.2 " Equipment and Facilities in Pewer Plant, Transmission Lines, Substations and

Distribution Lines in Jordan

In principle, the several power plants owned by NEPCO are interconnected to the power
‘syslems in the country through 132 XV transmission lines, and after stepping down to 33, 11
and 6.6 kV at main substations and further lo 415 V at distribution substalions located at the

respective load centers, the power is distributed to consumers by 415 V 3-phase 4-wire system.

(1) Power Plant Etjuipmént

As at the end of 1995, the total installed capacily is 1,167 MW, Out of this total, 1,049 MW is

interconnected to the power systems throughout the coustry.
{2) ‘Transmission Facilities

_ In Jordan, the transmission line vo_liageé are d.iv'ided into the four 400, 230, 132 and 66 kV
classes. Among these classes, the 400 kV 2-ckt transmission line has been provided between

the Agaba Thermal Power Station and Amman South Subslation_;' This transmission line is

now operated at 132 KV, ‘Meanwhile, this transmission ling is being designed for boosting the

~voltage to 400 kV by the end of 1997.

" Mareover, lhe 230,!{V_lransmission line, which had been consiructed for interconnection with

the power system in-Syria through the Irbid Substation for 'pdwer suﬁply to Syria, has so far
been shut down.  As at the end of 1995, the lenglh of the transmission lines of NEPCO is as
listed below: '

‘Transmission Line (kV) 66 132 | 230 | 406

Line Length (cktkm) | 17 1 2006 [ 17 | 670
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‘listed below:

" (3)° Substation Facilitics

The installed capacily of the substations for the power systems owned by NEPCO as at the end
of 1995 is as listed below:

Substation (kV) | 3311 | 66/33 | 1326 | 13233 | 230123

Capacity (MVA)| 150 10 75 | 1,989 1200

{4) - Distribution Facilities

According to the definition of the power companies in Jordan, the 33 kY or lowér-vbltég@
facilities are all referred to as the distribution facililies. In the case of the respeclive power
companics: NEPCQ, JEPCO and IDECO, the distribution voltages are divided into 2 groups,

MV (_rhcdium vollagc) and LV (_Iowyoltége); The 33, 11 and 6.6 kV are called MV, while the

415 V (3-phase 4-wire sysiem) is called LLV. ~ As at the end of 1995, the distribution facilities
and installed capacity of the distribution substations of NEPCO, JEPCO and 1IDECQ are as

. _ Distribution Facililies in Jordan o
Distribution Line | Company [ 33kV HkY 6. GkV 04Ky
o | weeco | L4834 2068 52 23241
. Overhead Lines(kn) —:Js};ggcg_ 241 397 %44 127993

Sublotal | 4,388.5 6165 269.6 - 15123.4

__ | NEPCO 15 w22 5.8 261. 4
Underground Cable(km) Jﬂ;gg c% 5995  794.7 656.7 = 1,057.4
Subtotal | 417 896.9  662.5 - 1,318.8

Ground Total  4,805.5 1L513.4 9321 . 16,442.2

Distribution Substation Capaclties in Jordan

Substation " | Company 33, ll._ﬁ.' 6/0.4kV  33/11,6.6kY 11/6.6kV
NEPCO 379.9 M55 2.5
Capacities(MVA) JEil’gi) ECS 847. 4 493.7 1,509.5
Total - 1,221.3 639.2 1,512
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33 - Power Demand’

(1) Production of Electrical Energy

In Jordan, the elecirical energy producers are largely classified into the electric utilities and

non-u:ilily industrial enterprises. T he‘enterpr:ises undertaking electrical energy production are
“the NEPCO, IDECO, municipalities and so forth. ‘Moreover, the industrial power plants are

* + owned by five companies including cement and steel makers.

'Break down in the table below is the eleclucal cnergy producuon by elecmc utilities and on-

utility secaors in Fiscal 1995.

Electrical energy production and its share by sectors in 1995

Blectrical Energy (GWh) | Share (%)
1L Eléctricity Sec_tor: ' : BT _5,215' . : 9,2;8. o
NgpcCO 5201 926
DECO . : 1z .02
' Mumcxpalllles&()lhers ' : 2 00
2. Industrial Sector . S 40 . 72
Refinery - . : : s N 12
~ Cement Factory | R I ¥ B
PotashCo. ooz 20
Festilizer Co, : : 166 3.0
H. Iron Facl'o.ry ' . 18 : 0.3
Total | 5,616 . 100

(2) Sold Electrical Encrgy

The trend of electrical energyrs'old by:eteciric utitities and non-utility e_nle:fprises and the

growth rate thereof in Jordan are présentcd _respe_ctivc!y in Figs. 3.3-3 and 334,

Fhe total electrical energy sold throughout Jordan in 1995 is 3,373 GWh. - Out of which, 2,382
GWh, 576 GWh and 415 GWh was sold respectively by the JEPCO, IDECO and NEPCO in
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terins of the categorics of electric utitities, and aboul 70% of the total was shared by (he JEPCO
“with its supply area in Amman, the capital city, followed by abowt 1?% of IDECO and about
15% of NEPCO. '

As about 71%, 16% and 13% was shared respebtiveiy by the J‘FPCO 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 in 1995 has grown nearly equally throughout

‘_Jordan.
(3) Characteristics of Power Dﬂimml,

© () Daily and yearly load curves
The daily and yearly load curves in Jordan are presented in Figs. 3.3-1 and 3.3-2." In Jordan,
the danly peak foad arises in the evemng when lighting is turned on. Whereas, the yearly peak

- load takes durig summes in August and September

'(b) Trend of peak load and ycarly load factor

The trend of peak load and yearly load factors in Jordan are presemed in Fig. 3.3-3. " Tor lhe
past nine years, the peak load has mcreased to about 1.8 times at on annual average rale of as
hlgh as 7.4%. Moreover, he annual average growth rate reached 10% dunng the period from
- 1991 lhmugh 1995 z_i[ler the end of the Gulf War. '

. Although the annual load factor d:d not undergo so substanual change for the pasl nine years,

the factor was mnpmved 1o more or less thas 70% during the latter half period of four years

- from an order of 60% during the earlier half period of five years.
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Peak Load (MW)

(4) Electric Power Demand Forecast

‘In Jordan, all the electric power demand forecast including analysis and cvaluation of social
sitvations, economic statistics and trend, technological innovation and other dimensions is
undertaken by the NEPCO based on the know-how of its plarining siaff. Such eleciric power
demand forecast values are used for its long term development plan and Iong' term financial

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

(a) Electric power demand [orecast values -
‘The overall electric power demand forecast values (MW and GWh) 'md growth rate thereof
throughout the country are prcsented in Figs. 3.3-4 and 3.3-5. ' However, any portion of

etectric power sent to Syria is not included in these diagrams:

. The eleciric power demand forecast values (GWh) by the categoiics of consumpuou are

prcsenled in hg 3.3-6.
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Fig. 3.3-3 Trend of peak load and yearly load factor
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Ad Electric Power System
(1} - Present Situations of the Power Systeins and Extension Projecls thereof
{a} - Present situations of the power systems

“The trunk powcr systems in Jardan are mutuatly fnterconnected ta the 132 kV transmission lines -
- through the power stations and substations owied by NEPCO througlioit the country.  Out of a

total line length of 2,776 ckt-km, 670 cki~km is uscd for interconnection betweeri the Aqaba
Thermat Powcr Station and Amman South Substation through the transmission line with & -
design vo!tdgu of 400 kV.  Meanwhile, this transmission line is scheduled 1o be bOOS(Ld to 400

- kV by the end of 1997.  The trunk power systems in Jordan are prcsentcd in Fig. 3.4-1.
(b) - Power’syslcm ¢xtension projects

CA pm_;ect has been promoled for mturconncctmg mutually between Jordan, Egypt Iran, Syria
- and Turkey through 400 kV transmission lines in the future.
Thercby, lhc power systems in Jordan arc expcclc,d 10 be reinforced by ttélllle'lg interconnection

o l‘,gypt:at the southern part and Syria at the northern part of the country.
: @ Power Supply Reliability

The 132 kV b’ow’cr systcrﬁ in Jordan is o.f'fa doublé-circuit configuration, and cach main
substation is of twa-bank configuration. Thcréfﬁrc,_ the power supply ‘can be ensured ¢ven in
the event of one ¢ircuit or one bank shutdown. Al_th;ough the 33 kV or lower MV and LV
distribution lines are of a onc--circuit configuration, the adjacently located distribution lines
have been designed respectively so as to enable swilching aver mutuﬁ_lly to and from the other
“distribution line. Thus, it is possib.lc to supply _p'owcr from another distribution line in the

event of shutdown of enc distribution line, in high 'dé:nsi;y arca.

. On the other hand, the rESpcclive' disnibﬁﬁon substations are pf_ a onc-bank configuration.
Thus, when one bank has been shut down, power supply from two or more LV distribution lincs
receiving power from the corresponding bank will be interrupted.” However, in some cases itis
. possible to supply power from another distribution lin¢ by switching aver to and from multually

interconnected distribution lines as mentioned above.
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3.5 Present Situations of Voltage Drop and Future Tasks in Disribution Systenis for

-~

Improvement
(1) Present Situations

According to the present situations in Jordan, it will be necessary to substantially improve the

voltages -in the low and medium voltage distribution lines. As a result of excculing trial |

- calculation of vollage in low voltage distribution ling, the voltage is observed to have dropped

© by as much as 25% or ovér in some distribution lines.

(2) Fulure Tasks

* The common causes of substantial voltage drop in the low and medium vollage distribution

liries 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 unbatanced.

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

sérvices to consumers but also lead to reduction of power loss.
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. CIIIA:P’.I‘ERJ. PRESENT srrUATlo_N.s OF ELECTRIC FOWER LOSS
4.1 Present Situations of the Recorded Data of Power Loss |
{n Acfu.nl Siluétions ofTrm.lsﬁli_ss_lo'n and Distribution Loss Rates
“The loiss tat(_:s. c.x;.Jr:chc:d in témis of the raliﬁs; of electrical energy (hércinaftcr-rcfcr‘rcd to as

cncrgy) lost in power plants, transmission and distribution systems to the lotal cnergy gencrated

in 1995 dre as given below:

Auxiliary cnergy consumption in PS @ 5.8%

Transmission loss : 20%
Distribution loss P 7.4%

(Transmission and distribution : nctwork loss @ 9.4%)

In Jordan, the voltage is classificd into three classes: namely, high voltage (HV: 132 kV),
medium voltage (MV: 33 kV, 11 kV and 6.6 kV), and low voltage (LV: 415 V). As the
transmission loss refer to a HV loss, the distribution loss refer to a sum of the MV and LV losses
respectively according to the past records, it is difficult to identify the difference between the
MV and LV losscs. However, only the NEPCO has been metering the encrgy respectively in
its MV and LV systems. ‘Therefore, the distribution loss in NEPCO system is divided into
those in the MV and LV systems. '

A conceptual diagram of melering the energy is preseated in Fig. 4.1-1.

(2) Metering Datia Related to Power Loss and Analysis thereofl

(a) Trend of the overall encrgy loss rate in the entire power systems in Jordan

The overall encrgy loss rate including auxiliary encrgy consumption of power stations in the
power systems of Jordan has been undergoing little changes at a rate of 15% or over for the past
several years as presenfed in Table 4.1-1.  Qut of this total loss, the auxiliary cnergy

" consumption in power plants is about 6%, and the cnesgy loss in HV system is more or less than

2%. Theicfore, the majority of nétwork loss is estimated lo occur on the distribution side.
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Although the distribution encrgy loss of JEPCO reached as high as 16% two decades befoie; it

" has heen lowered gradually and recently improved to 8% or ovet.
(b) “Trend of the energy loss rate in NEPCO s MV and LV systems

The encrgy schl out to MV system and that sent oul to the LV system are respectively metered. %
| Conscqucntly, the cnergy loss rate-in lhc MV system and that in the LV system have been '
' clanflcd mdlwdually

f\ccordmg to the metering data in 1993, the ovcrall rate of distribution loss was 1S 05%.
“While the loss rate in the MV system is as low as 5. 01%, that in the LV system was s0 high as
even 10.57%.
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* Table 4.1-1 TENDENCY OF LOSS RATE (%)

DISTRIBUTION TRANS POWER TOTAL
| YEAR JEPCO | IDECO JEA SUBTOTAL| MISSION | STATION | LOSS %
1975 15.971] |
1976 14.93
1977 13.33
1978 9.70
1979 1106
1980 855
1981 10.48
1982 9,16
1983 1041
1984 9.1
1985 833
1986 ©9.92
1987 - 9.36]' .
1988 9.40 12.96 _ R . .
1989 945 1435 10.30] 1.66 6.62 15.85
1990 8.92 R 993 2.40 6,63 - 15.74
1991 - 1093 13.89 1077 204 6.60 1627
1992 9.50) - 13.17 1432 10.88] 1.90 6.5 1581
1993 9.83 1330 13.08 11.19] - 181 6.48] 15.79
1994 8.56 1333 . 1442 10.59 1.62 6.06 15,09
1995 8.55 13.53 15.05 1048 2360 s 1565
. - L L L S S U S ST U
TREND OF LOSS RATE
16, 00 S S
14.60 |-
12. 00
210,00 | '
o .
2 8.00 1 T ISHRIBUTION 1EPCO
€600 - |-0-DISIRIBUTION IDECO )
—o—DISTRIBUTION JEA - : : __ _
4.0 | - Lx-DISTRIBUTION SUBTOTAL| =~~~ . e
2.00 | - %~ TRANS MISSI0N : e . 3
19I5 1917 7 1981 1983 %giﬁ 1987 1989 1991 1993 1995
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42 Measuremenl of Representative Pover Systems loi Analyzing the l’rc\"niiing

Situations
(1} Selectior of the Representative Power Systems

In cxtending this study, it is important to clarify the location and raté of the tetwork losscs

arising in the power systems in Jordan. - Conscquently, the distribution loss in the

. representative systems was measured preferentially ‘to identify the locations of power loss,

nanﬁcly; to classify the energy loss into those arising in the MV and LV sysicms.' At the same

time, consideration has been given to make it possible to clarify the outline of the transformer

' loss in distribution substation included in the MV system and the service wire loss included in

the LV system.

In cornsideration that the distribution loss data by $upply arcas and voltage classes have already

been owned by the NEPCO as described in Section 4.1, the representative power systems were

- sclected from the distibution systems of the IDECO and JEPCO. - Meanwhile, the energy

losses in the entire distribution systems have been clarificd in the case of both of the power

companics, and since the loss in MV system can easily be identified where that in the LV system

 ¢an be clarified; the representative systems have been selected only from the LV systems.
. Moreover, the representative systems were selected taking into ‘account the following

requirenents

= “The disliribu,lionISyslcm selected should adequately represent the features of the entire
systems in Jordan;

- It s_hoﬁld be pdssibl_c to 1jtea§ure the encigy b:c'ing sold to any consumer connected 10 the

' rcpresen'tati'vc systems for measurement SCparalciy from any other system.

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

“The system which would mect such conditions as mentioned above is extremely limited.  Asa

result, it could not_llccmsafilj,"bc said that any representative system truly répresents the entire

- power -systems - in Jordan as initially intended. - However, the following four systems

recommended by the Jordanian counterpart have been selected as the representative systems.



The representative system of JEPCO

The representative system of IDECO

 {2)  Resulls of Measurement

- (a) Distribution Loss in LV system

— West Theheceba substation

- Abu-Zeghan substation

~ Juhfia substation
. == Al ~ Rafeed substation

The total values of the results of measuring the energy in the transformer sccondary civcuits of

the representative power systems of IDECO and JEPCO for five months as well as those of

mcasuring the energy sold to the respective consumers are presented in Table 4.2-1.

@



Table 4.2~1" Results of measuring the energy of representative system

(1) Juhfia

e ~ S e e
Supplicd cnergy Sold encrgy ' Encigy loss | Lossrale
" from the transformer sceondary circuits | to the consumers '
(A) : {B) (C=A-B) (C/A*100)-
225,850 kKWh 195,734 kWh | 30,116 kWh | ‘133 %
(2) Al-Rafeed
: ' Supplied cnergy Sold encrpy - :E_ncr’gy loss | Lossrate -
froni the transformer secondary circuits | to the consumers| :
oy ' (B) .| (C=A-B) {(C/A*100)
242 062 k\Wh 227-,534 kWh | 14,528 KWh 6.0 %
(3) West Thehecba
E Suppiigd_ci_lcrgy' . _ ~ Sold éné'rgy 1. Encrgy loss Loss rate.
- from the transformer sccondary ciccuits | to the consumers
' A (B) (C=A-B) | (C/A*100)
126,240 kWh 120,654 kWh | 5,586kWh | 4.4%
(4)'Abu~2¢gﬁan
o Supplicd enerpy Sold energy Energy loss | Loss rate
- from the transformer sccondary circuits | to the consumers] - : '
() (®) | (C=A-B) (C/A*100)
129,847 kWh 109,(}93 kWh 20,754 kWh | '160%




{b) Transformer loss in distribution substation
The power, power factor, current ang phasc-to-phase voltage in the secondary circuits of

distribution substations of the representative systems have been measured.

1) Calculation of power loss and cnergy losscs in transformer
By using the above measurement data in {b), the clectrical power and cnergy losses in
*“transformers have been calculated as presented in Table below:

Power loss in transforniers of the representative power systems

Jubfia. [~ Al-Rafced W. Theheeba Abu-Zeghan
Peak demand - (kW) 12933 134.03 137.13 76.42
| (KVA) 16560 | 15732 | 17833 98.86
- Energy in sccondary circuit © 804,400 833,632 ‘852,912 |- 475,283
" of transformer (kWh) RERRE T | |
'I';ansfcrh_cr(fa;iacilj’_ (kV:\) _ | 250 250 250 ¢ 200
Core loss (kW) 10510 | o510 | 0510 | 0463
Copper loss (kW) 2248 | 2248 | 2248 | 1853
Yearlycore losskWh) | 44676 |  4,467.6 4,467.6 | 40559
Yearly copper loss (kWh) - | 14,9009 | 44229 5,683.1 | 22495
Yearly transformcr’lo'ss (I-:W'h)'. ' 9,368.5 8,89(}.5:- . 16,150.7 | 6,305.4
w16 | 107 e |13

(c) Calculation of cncrgy loss in scrvice wire
The mean values of the calculated encrgy loss rate in the respective substations are as presented
in Table 4.2-2 below: '

Table 4.2-2  Mean values of energy loss in service wires

Su_bs!_alion' © Juhfia e ‘Al-Rafced & - West~Theheeb
Encrgy toss pcr: éntrgy 0.03 o 0059 S L 0.155
load % _ i ' '

“The cnergy loss in service wire is quite small when compared with that in the LV system as is

_ clear from the above vatues. © Therefore, this encigy loss is judged to be riegligible.



4.3 Distribution of Encrgy Loss in the Representative Syslcmé

(1) Encrgy loss in service wire
As the values in Table 4.2-2 indicate, the encrgy loss in service wire is so small that it can be

disregarded.

(2) Encrgy loss in distribution line |
As presented in Table 4_.2'—1,' 4.4 * 16 % of the encrgy’ sﬁpplicd thiough a distribution

transformer is lost in the LV distribution line.

Juhfia : 13.3%

Al-Rafeed o 6.0%

© West Theheeba . 4.4%
- Abu-Zeghan . 16.0%
CAvenge . . 99%

(3). Encrgy loss in distribution transformer

10T 1 3% of the energy supplied (o a distribution teansformer from the MV system is lost in the

distribution transformer.

Juhfia 1.2%
Al-Rafecd 1.1%
~West Theheeba - 1.2%
 Abu~Zeghan 13%
Avcra.gc' S L 1.2%

Therefote, roughly 1.2% is considered to constitute the encrgy loss in distribution transformer

based on the received enesgy.
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44 Diéft'iblilion of Encrgy Loss in Jordan

"The total energy gencrated throughout Jordan in 1995 was 5,365 GWh.  Out of this total, 4,525
- GWh was acteally sold. * The total encrgy loss was 840 GWh and corresponds to 15.65% of the
 total generated cncrgy. The encrgy loss in transiission and distribution systems was 504 GWh
- and corresponds 1o 9.4% of the total gencrated energy.  Meanwhile, the distribution of cnergy

loss in Jordan in 1995 is presented in Table 4.4--1.

(1) ‘Encrgy loss in the transmission systems

© Out of 4,612 GWh of energy transmitied through the 132 kV systems in 1995, 109 GWh or -~

equivatent to 2.0% of the total generated cnergy was lost in transmission systems.

~(2) Encrgy loss in the distribution systcmé

The energy sent lhrough the dlslnbuuon 8y stems in Jordan m 1995 was 3, 763 GWh Out of_ ‘
this total, the sold energy was 3, 373 GWh and the daslnbuuon energy loss was 395 GWh or -

cquivatent to 7.4% of the total gcncrated encrgy. Out of 395 GWh of Lnugy loss, 117 GWh
- -{2.29} is estimated to havc been lost in the MV systems.  And 278 GWh (5.2%) is csumdu,d to
have been lost in the LV systems. (Rcfcr to Table 4.4-- ) L

Mcanwhile, 1.2% of distribution transformer loss based on thc rc,ccwcd cmrgy dcscnbul in

Scction 4.3 corresponds to 0.8 % of that bascd on thu total gummnon cnergy

“The network energy losses in 1995 are summarized as follows:

Tfa|15missi0n loss : 200
Distribution loss MV 2.2% .

B LV 52%
Totatnetwork fess 1 9.4%

In the tight of the above data bf energy loss, it can be said that the loss ratc in the LV systems

tends to be high 4s a whole.  In consideration of such actual situations of loss rate, it would be
cssential to place a. priority on the countcrmeasures for reducing the power loss in the

distribution systems under this study.
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" CHAPTER 5

STUDY OF COUNTERMEASURES FOR
THE POWER LOSS REDUCTION



CHAPTER S STUDY OF COUNTERMEASUR_ES FOR THE P()WER L.LOSS
"~ REDUCTION

5.1 Approach to Reduction of Power Loss

In clectric pbwer sys!em,'th'er"e would be an economically optimum level of power loss.

o1t is deemed to be illlpbssib!c to find out any lcclmiqhe for macroscopicwlly optinium points.
Under this pro;ect therefore, it has ‘been determined 1o cdrcy oul his study 'lccordmg to
microscopic approaches based on the results of execulmg the stidy for optmuzmg the
individual power facil_iﬁes. Since the number of LV (41‘5\/) feeders is as many as even nearly
. 20,000 in Jdrda_n, it would be nnp’ossxblc to study all of the individual feeders. - It has been
determiricd to promote this study roughly according to the following procedures by using
selecicd sample feeders even though this study will be carried out microscoplically:

(1) Selection of countermeasurcs of the systenis relevant to this study;

(2) Selection of sample feeders;

(3) Measurement of loaded conditions;

(4) Calculation of power loss before taking any counternicasure;

(5) Optimization of individual countermeasures;

(6) Calculation of loss reduction valucs, cost and benefit, feasibility and net benefit;

(7} Searching for the parameters correlated closely with the above respeclive values;

{(8) Fitting the power loss reduction values, countermeasure cost and other values according to
a least square method (Preparation of mathematical models); and

(9) Estimation of the countermeasure cost and loss reduction values in the eatire distribution
systems by applying mathematical models to the another sample data which are different from
item (2), {Data on all 33 kV sysiem feeders and those on random sampled feeders
corresponding to 29 of the total 415 V feeders).

5.2 Options and Selection of Electric Power Loss Reduction Countermeasures
(1) Countermeasures of Power Loss Reduction
At a starting step of the Study, the countermeasures to be workablc phys:cally for reducing the

loss in the power system of Jordan have been pointed oul in the meeling as a "brain storming”

by the working group members.  The results ate listed in Table $.2-1 .

61



Table 5.2-1 List of countermeasures for reducing the power losses in transmission

and distribution nchworks

A.- Increase of the conductor sizes of:
{1) 132 kV transmission linc
(2) 33KV distribution line
) ':ll kV distribution line
(4) 415 V distribution line

B. New line construction for MV(mcdium voltage , 33 kV and 11 kV) system
(1} Introduction of higher voltage (Including new transformer construciion)

(2) Construction of same voltage linc

C. New line construction for LV(low voltage, 415V) system :
(1) Introduction of higher voltage (Including ncw transformer construction)

- {2) Construction of same vollage line

D. Improvement of power factor by installing:
(1) Capacitors in LV fecder
{2) Capacitors in LV substation .
3) Capac;tors in near-cnd of load in MV ﬁ,cdcr
{4y Capacitors on 33 KV bus in 132/33 kv substahon h

E. lmptovemunl in opcr.llloufcoutml
(1) Balancing of 3-phase current in LV sy%tbm
(2) High voltage operation of line
(3) - Paralle] off of transformer at lighter load -
(4) Optimization of (he open point of distribution feeder

2). Seleclioﬁ of Cbunlern&asures folf the Sy.:sicnils t_h be Studied
Although it will be possible to physically teduce the power loss according to the power loss

1 _rcduction'countcnnCasu}cS listed in’ Ta'bl:c 5.2-1, whether ' these  COUNtCHMCAsUIES arc

ccono:nica'll'y feasible or ot is unknown. Whether such countcrmeasurcs are cconomically
feasible or not has mainly investigatéd later in this study. When considered in view of the

1abor, time and so forth required for this study, however, it would not be justifiable to pick up all



oD

 of these countermeasures as the themes of this study.

As a result of rough study taking into account the cost, oécurfcncc positions of tosécs, the
following combinations of facilitics and countermeasures have been determined to be studied:

¢ [B-(1)) lntr'oduct_ion of the higher voltage system for MYV system

¢ (B~(2)] Construction of the same voltage liné for MV sysfem

+ [C—(1)] Tntroduction of the higher vollage system for LV system

. [C-(2)) Constmcuon of the same volm;:c. ling for LV system

< [D=(1)) Instaltation of capacitors at LV feeder

+ [D.~(2)] Installatiorn of capacitors in LV substation

* |E~(1)] Balancing of 3-phase current ix LV sys!cm

5.3 Seleclion of Sample Power Feaders

Although thc counlcrmmsun,s sclccted in the previous S(,cm)n are ruqum,d to be studied

n,gardmg, ruSpecuvc fccdcm lhcn, are about nincly feeders in the MV systems and nearly.

twenty—theusand feeders in the LV systt,ms. Conscqucntly, it would be impossible to study

-the above countenmeasures for all of the fccdcr:..- Thus, it has becn deterimined to sclect samplt,'

feeders and carry out measurement and calculation.
The fecdcrs ‘decmed to be comparauvcly heavy loaded and rcquire lmpmvcmant for loss
reduction have been sclected 81 LV and 14 MV ft.chI'S by the Jordaniin counterparts and

adoptcd as samplc fccdcrs

Since comparatively heavy loadcd fccdcrs have been selecied as sample feeders intentionally,

.~ the other samplc feeders and work have become necessary to estimate the situations of the power

sys_tems Ihroughoul thc_ country. However, the resulls of intentionally qelu:nng such heavy
loaded feeders have in tum contributed for elfective study to make mathematical models, by

incrcasing feasible case of sample.

The sample group used in this slagc is namcd "Samplc—l ", S0 can bc dlslmgmshcd from

“Sample-2" which becones necessary in later slagc ‘The Sample-2 must be n.pru,uncd the
condnmn of entire Jordan,  Therefore the Sample-2 bedCf has been sclected as follows,
Randomly plckcdﬂxp systcms corruspondmg 10 about 2% ofthc toml LV fecdcrs
and _ : '
+ Al of the 33 kV feeders foi' the MV system



‘5.4 Measurciment of Sample Feeders
© (1) Measurement

Since the existing data alone were insufficient for exccuting this study, the following three
feeders in MV sysiem were selected, and the measurenient have been carricd out to
_replemsh the existing data.

Selec!ed Feeder for Actual Measurerment

Company'Name_ " Selecied MV feeder - No. of Measured SIS .
'NEPCO - . | Jordan Valley Middle (33kVY) 88
JEPCO ' Duleel (33kV) 61
IDECO Emrawa (33kV) - 126
Total . .3 275

: 'i he followmg elec! ric quantmes were measured at above selecied feeders.
With regard 10 the three {(3) MV feeders, the sent out curcent from the 275 dlsmbunon

substations which connecled to the above Ihree MV fecders were measured (respectively once

during summer day hmc) _ :
The elecirical energy, current, vol(age and power factor scnt out by 33 kV Duleel line

were measured [commuously for one (1) week]. _
Morcover ten (10 chsmbuhon substations, the clectncal energy, current, vo[lage “and

power factors sent out from respectwe substatiors were measured [conhnuously for one (1) day

lhrough three (3) days ).

These electric quan'tilies obtained by measurement in July ihiougﬁ August 1996 were used fo_r
analysis with existing data presented by the Jordanian counteiparts. '

(2) Resulis of measurements

The average value of voltage and power factor in week day at LV side of dlstubutwn
'substatlon by mspectwe compames are calcu!ated as table below.
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Average voltage and average power factor of each company

Company Name | Average Voltage | Average Power Factor |
NEPCO : 96 % 0.77
JEPCO 97 % : 0.78
IDECO - 96.1 % 083

After discussion with counterparts, the uniform values to be applled to all

' Sample-1 feeders were adjusted as follows:

* Voltage 97% Power factor 0.8 -

5.5 - Development of Power Lokss Analysis Software

Since a variely of calculation process is required for optimizing even one countermeasure for a

- single facility, it would actually’ become: necessary to calculate a huge volume of ‘dala

correspondmg to several times the producls of the number of relevant facilities and that of

. countermeasures. - Under such situations, two sets of the power flow calculation software’

owned by TEPSCO have been prepared for this pro;ect after modrfymg to match the power

systems'in Jordan

(1 Dcvelopment of LY System Po“ ev Loss Amlysis Sol‘lware, “VLCALC EXE"

" This software was developed for analyzmg the voltage and power foss in LV ‘systems in
_ preparalron for executing the power loss study by TEPSCO previously in the other overseas

“country. Tlus soﬂware has been mochfwd 10 "Jordan Versmn" for this pchcl study.

The soflware for cal¢ulating the 3-phasé 4-wire system shouid basically be possible to calculate

- the unbalanced cursent.  In this sense, the VLCALC.BXE software has initially been designed

_ to enable calculation of unbalanced current in 3-phase 4-wire system distribution line.

(2) Development of Medrum and lilgh Voltage System Pon er Loss Analysrs

Software, "FLOW. EXE" .
This software is nearly the same as the convenlronally used software for calculalmg power flow

_ . and voltage of power sy stem. It is possrble to calculate the power ﬂow, by inpolting the’ system_
"~ configuration and load data at the respeclwe pomts in the system. - The PSS/E! owned by

NEPCO and the CASTLE owned by TEPSCO are almost the same as this soflware. Although
they would be possible to analyze the medium and high voltage system, they have been strictly
restricted to use either of these software in view of protection of the copyright.
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T'o ensure successful implementation ‘of this project study under such situations, the power
" flow calculation software, FLOW.EXE by means of the Newton-Raphson method (N-R
method) developed solely by TEPSCO has been modified to be used for this project.  Major

modification points are as follows:

(a) - Simulation of transformer loss

According to the ordinal power flow calculation software, the core loss among transformer
 losses s not simulated, and even the copper loss is not simulated in some cases. In
consideration that the transformer loss is also an imporiant element in this study, the software

" has béen modified 50 as to enable such simulation.

{b) Inputby usmg equipment constant table
According to the ordinal power flow calculation software, the impedance and olher constanis

should be normally obtained “in advance from the size and arran_gcment of conduclors,

. transmission distance and so forth, and these constants ae input fater, * However, this software

has been modified so as to make it p0551ble to oblain such constants 5|mply by inpulting the

kinds of conduclor and line dlsiancc

56 De\'elopment of Models and Software for Optmmmg Introducuon of }llgher
Vo!hge S)stem and S‘lme Vo!lage Line Construction

(l) Countermeaune by Introducing Ihgher Voltagc Sys!em : .
'Smcc the relahon between the benefit ‘and the cost in the case of the same vo[lage lme

- construction can be cxpressed by a‘linear equallon wnth respect to the distance, an optimuim '

scale of countermeasure can be found out casily, In the case of introducing a higher voltagc,-
however, it is not so easy to obtain such an optimum scale according ©a simple mathematical
formula since the consirucliqxl cost of substation which is not refated to the distance to the
substation construction site is inc!uded in the cost. - Moreover, how 1o allocate the power
supply to the load localed belween the new and existing substations also ralses a problem To-
solve this problem, an optlmum pomt is requnred to be oblained by conlmumg wlculahon while
changmg the open point for power supply between the new subslauon mstallauon site and -
exssung _subslauon Thus, it IS not poss:ble to study a large number of the cases through
- manual calculaiipn. Under such situations, the opumrzanon ‘software by Inlroducmg Higher
" Voltage "OPTEL.EXE" has been developed,
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© of Jordan are recommended to promole sludy regarding such a value

(2) Countermeasure by Constructing the Same Voll:ige Line

In the case of the countermeasure by the same vollage Tine construction, optimization is
possible by comparatively simple judgment, because when line current exceeds a certain level
(it is calted critical current) the benefit by loss reduction counternicasure becomes higger than

" its cost.

Therefore, it was not scheduled at the initial stage to develop any particular’ software for

optimizing the countermeasure. - In consideration that the work would be promoted efficicntly
“ where any software for calculating the cost and benefit be available by using the data prepared
for OPTEL without modification, the swme vollage lme construction optimization soflware
"OPTEL2 EXE" has been developed.
As a resull, the actual sludy has been carried out by using this software due to time resmcuons
‘Meanwhile, since the critical curcent is a value consliluting an important indicator for judging
whether |t is feasible to execute the powcr loss reduction counlermeasure, the relevant parties

Table 5.6- 1 indicates

: such an exampie

The manuals for the soflware descnbed in Secuon 3.5 and 5.6 were inade, and ate h:mded to lhc _

Jordanian counterparis,

’I‘ab!e 5.6-1 Crmcal current fm each countermeasure
by same voltage line construction

o “"sy Overhead Line Loss Value = 2,564 JkaW
existing cﬁ.rrent additional co_s{ critical merit (JD/km) for des:gnaled current (A) )
“line  [capacit| newline |ID/km|[current| 80 100 140 180 2400 280
‘WASP | 270 | WASP lckt| 11,250 97 | -3,543 792 12,352 27,766 58,112 83,159r
'AL100 | Amp. WASP 2¢ckt| 22,500 118 | -12,224 -6,444 8,970 29,522 69,983 103,379
mm? WASP 3ckt}33,750| 137 | -22,190 -15,687 1,654 24,774 70,293 107,864
- 33KV Undel"grq'und Line . :  Loss Valoe = 2,061 ID/KW 7
[existing current| additional | cost [feriticaly. merit (JDfkm) for designated curcent (A) _
' line capacil newline | ¥D/km{current| 280 320 360 380 400 440
AL300| 335 AL 300 [50,000| 373 | -21,758 -13,112 -3,;314 ~ 2,017 7,637 19,741
fcke : ' ' : .
mm® | Amp. | "AL 400 60,000 386 | -28,357 -18,670 -7,692 --1,719 4,578 18,139
ickt ' :
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5.7 Tata Related to Power Facilities

For the purpose of executing calculation of power loss and that for studying economically
feasible countermeasures, the facility and econo {cconomic cost) table have been prepared to
speed up and simplify the calculation process. Mcanwhile, it would be possible for NEPCO,
JEPCO and IDECO to make cffccnvc use of these calcuht[on tables for many years in the

future as far as rencival data
5.8 ' Criteria for Evaluating thie Power Loss -

© Any covntermeasure for reducing the power loss can be evaluated easily by comparing the

© benefit obtained 'by reducing the power loés “with the cost required for ecxecuting the
counlermeasure, o |

| This benefit is further cla‘:smed into a yearly kWh value and a kW value at peak load.

* The former benefit is attained by saving the amount of fuel consumption through power loss -

reduction,  This kWh value refers to lhe benefit in terms of the cost altained by saving lhe

amount of fuel consumphon R |

The latler benefit is also cffective for reducmg lhc power demand al peak load and makes it

possible to reduce the development volume of power plant equipment and distribution facilities -

“to be developed  This kW value refers to a saved portion of equipnieat investnient in terms of

the cosl lhereof

So, the Study Team calwlated the beneﬁls in termis of cost b'ised on the Long Run- Margmal S

Cost prepared by NEPCO in M'irch 1996 And used them as the criteria for cvalualmg the

'power loss reduction countermeasures.
(1) Seiting of the Evaluation Constant for Power Loss Reduction

Firstly, when the higher vbliage introduction or séme vollage line conslruclion countermeasure
has been cxécuted this eléctrically means that the power loss is réducéd by di\)iding the load
current accordmg {o the countermeasure - Should the load currem (power demand)’ he
' 'mcmased in ‘¢ach year, the rauo of power loss before and after execuung the counlermeasure
would remam wnthm a cons(anl level, In olher words the power loss reéduction has been:
treated on the assumpuon that the ioss reduction would increase in ‘proportion to the square of

the increase rate of power demand.

Sccandly, in case a countermeasure has been taken by installing capacilors, the effect of power
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loss reduction will be increased depending on the increase of p;)wer demand in the future.
Since the power loss reduction may scatter depending on the number of capacitors installed in
ihc system, however, it would be difficult to indiscriminately clarify the effect of capacitors.
Thus, it has been assumed that the effect of inslalling capacitors upon the powér loss reduction

in the initial year would continue to remain at least wuhm the sanie fevel as that of the initial

 year in Ihe subsequent years.  In other words, this power loss reduction has been treated on the

assumption thal the power loss rcducllon in lhe mmal year would commue to remain at the

. same level in the future.

(2) Loss Evaluation Constant

The lcgss evaluation constants are as presented in Table 5.8-1. And the calculation charl for

LV sys!em in case of new line construction is as presented in Table 5.8 2

’i‘able 5.8.1 Loss Evaluation Constanis for Evaluating the Power Loss Reduction

Based on Construction Cost

‘ | In case of new line construction
‘loss reduction in high vollage system ' : 2,186 (JD/KW)
loss reduction in MV system SRR L 2,061 (JDXW)
. loss reduclmn in LVsystem . o aseaq D[kW)
' _ In case of capacﬂor mstallanon for LV system _
loss reduction i MV system R 1,577 (JD/KW)
loss reduchn in LV system | o 1,268 (JD/KW)
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5.9 Conditions of Study and Results of Caleulation

Results of Calculation are summarized as Table 5.9-1 below

Table 59-1 A List of Result by Paralle! Study on Loss Reducllon Counferme'lsures
for Smnplc—l Feeders

A No. of Loss Benofit “Cost | Nel
Sample Countermeasure | Beonomical ly [Reduction _ : | benefit
. : | feasible G® L o - | opy ] U
oy _feeder - | ' :
Same veltaze - ) ‘ -
- |line construction 58 270.1 694, 062{ 246, 274] 447, 788
LY 81 | Higher vollase _ : o '
feeders| _inlroduction 18 259, 2 664, 671 335 901| _ 328, 769
Cabacitor _ -l '
instatlalion(#l) 31 88.9] - 140, 164 5,565 134, 599)
3 ohase currenl ' _ : : _ 1
balancing A1 58 2 149, 206 0 149, 206)
Same voltage iine . - o - : :
construction 9 5, 846. 3| 12, 049, 224| 4 388, 536] 7. 060, 643;
MY 14 | Higher Vol laee ' L T
feeders| _introduction 4 4,370.0] 9,006.776| 8. 314..066] 692, 720
Capacitor : b N
dinstallation 321 14 1..2,215. 81 2. 809, 6341 118, 0901 2, 691, 545
Note *1; -PE:from0.81t00.9 al consumer. *2; ‘

5 (l) ' Reduclion ol‘_Poivef Loss_ by'New Lme Constructip’:; for the LY System

Pf : from 0.8 1o 0.9 at LV side of transfoimer,

' With regard 10 all of lhe 81 sample feeders, lhe power loss vollage and so forth before

executing any counlermeasure have been obtained at first by execuling power flow calculation
by using the VLCALC.EXE software.
' optimized by using the OP’I‘EL EXF and OPTEL2 EXE. software.

manual modification to the countermcasures Wthh have been optimized with computer syslem,

Next, lhe respective countermeasures have been

Subsequent lo execuling

* the power loss vollage after executing the oountermeasures have been obtained based on the

results of power flow calculanon camed oul again by usmg ‘the VLCALC soflware

basis of such results 1he beneﬁl of executing counlermeasures has been studied,
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The results of caleulation in case the same voltage line is constructed as a countermeasure for
reducing the power loss ina LV system.  This countermeasure is fonad out to be feasible (B -
C > 0) for 58 sample feeders out of 81 feeders in total,

The results of catculation in case introduction of the higher voltage system is adopted as a
countcrmcasuré for reducing the power loss in‘a LV system.  This couritermeasure is found out

. to be feasible for 18 sample feeders out of 81 fecders in total.
(2} Reduction of Power Loss By New Line Conslruction for the MV System

* After obtaining the pawer loss, voltage and other data prior to cxecuting the countermeasure at
first by calculating the power flow in all of the 12 sam;ﬂc—l' feeders (2 out of 14 of samplc—l'
* feeders are used only for capacitor study) by using the FLOW.EXE software, optizzlizétion of the
I‘LSpCCuVC countermeasurcs has bccn carcicd out by using the OPTEL.EXE and OPT EL2 EXE
software. Subsequent to excculing m'mu.tl modlflcalmn to the counternicasuics Whi(‘h have
been optunmd with computer: sy stem, the power loss, voltage, after cxccutmg the
_ countt,nncasurc have been ohlamcd based on the tesults of power flow calculation carsied out
az,am b)' using the FLOW.EXE software. On the basis of such resilts, the beacfit of execuling . |

COUH!CFH}CHSUI’LS has been sludlcd

' Accordmg to the study n,sulls for the MV samplc—l feedets, duc to Tise in ihc cons!rucnon cost
for 132 kV lincs and 132 kV subsmuons the hu,hcr vol!agc nuroduclmn COURLCTMCASUTE Was
concluded to be feasible only for 4 lincs, ~ Although these n,sults werc wom than same voltage
construcuon countcrmeasure in cconomical view point, the highcr volhgc introduction
countermeasure is hardly disregardful.  The rclcvml pamcs of Jordan arc r\.('()mmt:ndcd to
vicw these study results from a wider anglc toward the dm,cuon of future progn,ss of the power

system instead of simply reducing the power loss.
(3) Reduction of Power Loss by liuproving the Power Factor in LY Sysieﬁl o

As lhc're_sults of measurcment show, the power factor in the distribution systems in Jordan is :
considerably low.: According to the regulations for transaction bétween NEPCO and the other

two distrib'ulion companics, the average power factor at cach metering point is kept at 85% or
over. Since almﬁst all the reactive power compensating capamtors are installed on the 33 kV
bus bars, however, these capacuors have not been serving so largely for the most’ mdtspcnsablc

purposes of reducing the power loss and improving the voltage in the LV systems. -



Studied herein are the effccts of capacitor without switch gear upon the LV and MV systems by

installing such a capacitor on the L.V system to improve the power factor.

(a) Lffect of capacitor upon the LV system _

With rcgérd to atl the LV sample-1 feeders, the amoim_t of loss reduction has been calculated on -
the assurﬁpli'on that the power factor has been improved fronySO% to 90% by ‘installing -
capacitors at the m_:ar-énd of load. Since these condilions can possibly bring about too ideal
and over-evajuated calculation resul,ts, such the resulls were corrected to more reatisl:ic ones at

the stage of applying thc_xniath@:ﬁalical models.

(b) Effect of capacitor upon the MV syslem ,
With regard to all the MV sa:inple-l feeders, the amount of loss reduction has been caleulated

on the assumption that the power factor has been improved from 80% to 90% by installinga =

: capacitor on the LV side bus in a distribution substation.
4y Reducﬁo_n of Power Loss by In1pr0§ing _the Unbalanced Current in LV System

The _3-phzise cuf_rcnt in the LV .syste'm in Jordan is excessively unbalanced. In this stag'e, loss
“reduction in the sample-1 feeders were calculated on assumption that 3 phase current can be -
~ .balanced completely.  These impracticable cb_ndilions' were corrected on the stage. of

calculation on the sample-2 feeders,

(5) Secondary Effect Associated with the Power Loss Reduction Countermeasure:
~ Improvement of Voltage '

Although improvement of vbllage is not a main theme of this study, it has been clarified that the
power loss reduction work would also bring about a substantially valuable effect according to
~ the results of voltage calculation obtained during the process of calculation for power loss

reduction.
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510 Power Loss Rediiction Model

The conventional feeder data are deemed 1o be available as feeder parameters, and among such
parameters, the curienl, kind of conductor and line length are considered to be most closely
related to the power loss.  With regard to the two quantities of power loss reduction value and
éountermeasure cost, therefore, it has been determined to obtain a mathematical model based on
" the above parameters dccording to a statistical technique, because of the following reason:
Namely, when the values of loss reduction dnd countermeasure cost have been obtained, it
would be possible to obtain the other quantilies from the two quantities according to an
theoretical farmula, '
As a resuli of study, it has been confirmed that the line length among the parameters is not
nearly related to the power loss so that the line length has beer excluded from the parameters in
the mathematical model. Although the kind of conductor has been examined by replécing it
with the resistance value and capacity per unit length, it is not correlated to the loss reduction or
‘countermeasure cost,”  Among the three parameters, only the current has been observed to have _
a close correlation. . ‘ ' , |
The scatter diagrams in Figs. 5. 10 1 and 5.10-2 mdlcate the loss reduction and countermeasure
cosl along the vertical axis (y) and the load current along the honzonlal axis (x), for LV new
'linc construction. In these diagrams, the malhemallcal formulas obtained accordmg to the

'leasl square method and the curves oblained from these formulas are also indicated.

These formulas are mathematical formulahon models for power loss reduction countermeasures. S

And they were used for estimating the potential of power loss reduction values in thé entire
distribution systems in Jordan, and also used for making loss reduction master plan.
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S.11° Items to be Considered in Execution Planning ©

(1) Limitof Mathematical Model
According to the results of investigating the distribution system in Jordan in advance, the
feeders are abundant in a variety of shapes. The extent of power loss reduction, cte. are
affected largely by such shapes and it would be difficult to express the difference of such forms
- by using simple parameters.  As it is clm‘r from the mathematicat models and scalter diagram_s
described in Section 5.10 above, therefore substantial scatlers would be inevitable. Even
" though such’ scatters may be small it is deemed mappr()pmte to fake ‘use of the models
obtained by using such statislic techmqucs, d:rectly without any modification, for formulating
© an execution plan. | . ' ' R
- Until obtaining the mathematical models under this s!udy, the execution plan should be slud:ed _
s{nclly as have been carried out regarding Ihal for individual sample feeders. “The
mathematical models are deemed to bc useful for roughly eslunalmg the cost for loss reduction
work and extent of loss reduction pnor_ to subseqiiént studles_. These modcls are atso deemed

o be usefu} for finding out the items (p’roblcms)'_to be slg:died_. o

. '(2) Refining of lhe Plan by Making Ulmost Use of Lfuman l{nowledge

Accordmg to the optimization software: "“OPTEL" and “OPTEL2" mentioncd prevaously, an
-oplimun solution is oblained by using a coiistderably simplified model.

In the case of planning a distribution line and so forth, it is needless to mention that the
* siteation in the area aldng the line, regional development master plan, relation to the fecders in
the surcounding area, conditions-of vriused facilities, and @lhc‘r_sdphiSticaléd coaditions related
o fu@ﬁre pdwer éyma;ndavelownent plan and so forth should be taken i__mo'consid'eralibn.
Since computer calculation is’ carried  oul” without' using such sophisticated information
according to this simple model, however, the answers oblaiﬁed thus would sometimes seem to
be primitive and uncealistic for the human being well knowing the actual sitvations. Therefore,
it would be a'ppropriale to recognize that these {wo software are a tool assisting a person in
execuling powef system planning. . In this context, these two software would certainly offer

3 powerful supporlt for covering the human weak poml lhs{ead of simply apply the answers

" feom "OPTEL" and "OPTELZ" dueclly for the execution plan w:lhout modnflcauon, it would at

~ least be necessary to study whelher the plan is justifiable and whether much more effective
method are available or not Judgmg from human knowledga with sophlshcated decasmn-makmg

' capabnh!y
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' FORMULATION OF POWER LOSS REDUCTION PLAN
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. CHAPTER6 FORMULATION OF POWER LOSS REDUCTION PLAN

6.1 Preparation for Estinmling' thie Power Loss Reduction in the Entire Power

Systems throughout the Country

(D Pick.upome.nplc_.-Z Feeder - |

- Although a mathematical model for pO\\fer loss reduction countermeastire was obtained by

gsing Sample-1 feeder as described in Chapter S, this sample-1' feeder consists
comparali_vcly heavily 1oaded feeders. ' Therefore, it would not be appropriatc (o eslimate
the pc.)\'ve'r loss reduciion. in the entire power systcfns directly from this sample feeder.
Thcrefore, the power Iqés reduclion was estimated by using another sample'-z' feeder,
As described in Chapter 5, the Sample-2 feeder is:
Randomly pickéd-’up feeders cdrresp@nd.ing to about 265 of the total LV feeders;
and
All of the 33 kV feeders for the MV systems

Based on the results of estimating the overall situations of power loss while applying the

“mathemalical models obtained in Chapter 5, a concrete power loss reduction plan was

formulated.

Meanwﬁi!e, it has been concluded unfeasible to take any power loss countermeasure for the
feeders mainly consisting of undergeound cable among the above feeders, since such feeders
are estimated to require excessively high cost for power loss reduction countermeasure and
the conductor resistance valves beinig too low so the mathematical model obtained in
Chapter 5 were not applicable. Therefore, these feeders have been excluded from those to

be studied. The feeders actually picked up for calculation are as listed below:

LV system 1 329 feeders
MV system ;58 feeders

) Ele_ct_ric Power Demand to be Studied and Method of Aunual Allocation of Power

Loss Reductio;i Plan

For formulating an optimum power loss réduction plan for the coming one decads, the
eleciric power demand was applied the medium scenario of the long term denand forecast
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formulated in fiscal 1996 by NEPCO. The target year was set to start from 1999 and to end
in 2008, allowing of two years of preparatory period after 1997 when this study will come to

the end.

The work execution penod was formulated bas;d on the load condmons in 2008 and
‘annuatly allocated taking mlo account the scale of benefits, averaging of work volumes and

other conditions.

6.2 Potential of Power Loss Reduction in the LV Systems

(1) Load Cutrent of Feeders Constiluting the Basis of Calculating
" the Power Loss Reduclion

On the basis of the records of load current values in 1996 and forecast currént values in 2008
© (1.88 times the data in 1996 based on the peak generation forecast values), the power loss
réduction values were, calculalcd as follows by usmg the malhemaucal niodels developed in

. Chapter 5 as briefly deséribed below
- (2)  Reduction of Powet Loss of LV Feéder by_lmpmvemenl of Unbala'nce_d C_urreﬁt

: Takmg into account lhe feas:b:luy of 1mprovmg thc unbalanced currem “the unbatanced
currenl excecdmg SOA in fceders were seitled to be lmproved to be less than 30A.

(3) Reduction of Power Loss by Installing Capaéitor on LV Fecdér

In consideration of the unit capacity of capacitor and effect of improving the power factor, it
Swas sludled to insiatl capac:tor on feeders whlch are loaded 100A or greater Calcutation
base of i mlprovmg power factor was setiled from 82 % to S0 % '

s idéal way |h§u:if capacitorzcaﬁ be installed al COnsumE:r:end,zhowever, there is a’
restsiction by unit capacily. - Therefore, in this coumcrmeésure,-‘il is estimated possible to
attain half the effect obtained by using a mathematical model developed by assuming ideal
‘and perfect compensalion. Since this countermeasure for improving the power factor also
leads to reduction of power loss in MV system, its effect upon the MV system was also '

calculated.
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(4) Power Loss Reduction on the MV System side by Installing Capacitor ori the
LV Side of Distvibution Substation

1) Target value of powcr factor improvement

“The targel value of power factor in the secondary circuit of d:s[nbuuon ieansformer has been
‘set to 92% in order to prevenl over- compensallon of power factor in light load time. By the

effect of eapac;lors installed in LV feeders as described in Item (3), the average power factor

of LV sample-2 feeders has been calculated as 88.4% in2008.  The average power factor al

'LV side in dlsmbuuon transformer was assumed as 0. 4% by adding 2% wh:eh is iniproved

by existing capacitors installed ncar distribution ‘substations. Based on these, the target

- power factor was assumed to be improved from 90.4% to 92 %.

'2) Calculation of requued capacator and loss reducuon
The required capacny of capacitors; the benef:l and cost of | power loss reduction, in case the

K power factor has been unproved from 90. 4% t0 92% as described above were, calculated,

(5) Redl';clif'm of Power Loss by Construction of Same Yﬂ-’oltage Lih_e or Introduction
" of Higher Voltage System : '

.(a) LY System

In order to exclude the feeders with-an small effect of power loss reducilon takmg into

account the error of mathemallcal models the feeders wherein. the equivalent currenl after

_ executmg the countermeasuies in “Section 2 and 3 above becomes not <malIer than 100A

were studied herein.

(b) ' MV System

" Since the current value in the MV feeders where B/C becomes feasible is 137.37A similarly

as m the case where the lower limit redueuon value in the LV feeders is 1(}0A lhlS value
was adopled as'a tow limit value for power loss redueuon counlermeasure by gew line -

conslruction in the MV system.
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6.3 ' Potential of Power Loss Reduction in Entire Power Systeri

The amount of power loss reduction expected to be attained in 2008 and the cost to be
required (net cost excluding price cscalation and so forth) were approximately calculated 94.1
" MW and JD 63.57 million {about Yen 10 billion) respeetively as preseated in Table 6.3.1.
Table 6.3-1 'Polcnlfal of Loss Reduction and Cost for Whote Jordan in 2008
(MW, 1000 JD)

Benefit Net-benefit

 Loss "~ Cost -

reduction :
" improvement of unbatance 69 17,638 - Q 17,638
Improve Imprdvcmc’nt Effcct to LV 6.8 10,7;32 668 10,063
mentof | - of Effect to MV i 10,246 0o 10,246
LV [powet factor | Subtotal 149 20,978 663 20,309

sy'silcm. ‘- New lin construction : w20 107,670 539,.344 68,327 k

lmprbvc. =hnpr(w.f:n'lem of power fac(:or .19 : _.'2,393_ | 96 12,297
[MV system|” " New line construction T285| 580696 23,463 35,234
| Total | 91| 207,374 63570 143,804

6.4 Formulation of Power Loss R_educ(ion' Plan

The aniount of mveslmcnt avallable in power loss n,ducuon is considered fo be lnmtcd
judging from the cconomic snuanons managcment of clectric power industry and other
conditions in Jordan. Based on the potential of power loss reduction in 2008 calculated in
Section 6.3, the investments were set up JD 20 million, JD 30 mitlion; JD 46 million, D50 _
million, ID 63,570 for A B, C, D E alternatives reSpcclwcly Thc volume of works and the |
{nvestment allocated 10 one dccadc lakmg mto accounl B/C, required execulion pcnod and
lcveling of construction work. o _ R
The thrLe kinds of loss n,ducmm coummmeasun,s are nnplcmcntud according to the pnonty
ordcr as shown below: _ _

1) The reduction of the unbalanced current in the LV ﬁ.cder is implemented as lhc top

pﬂonty, as it is effective in the loss reduction, and it does not requirc any investment.



2) The power factor improveneat in' the system by installation of éup;mimrs brings about
high investment cfficiency (high B/C value). The installation is pminmui within the limit
of not causing over—compensation at the time of light load.

3) As the above two methods will not yicld big enough volume of loss reduction, the plans-
of new line construction should be considered in addition to these two methods, ~ Such plans

* should be chnscn, in principle, froni those with bigger value of B/C.
- Formation of concrete projects are as follows:
(1) Formulation of individual project plans

Since the LV systems consist of a number of feeders, it is difficult to concretely specify -
individual projects, the cost arid benefit of power loss reduction were anavally allocated in
terms of mac'roscopic quantitics for the respective countermeasures.  While, -the cost of
power loss reduction for the MV system was caleulated in'dividuall.y as it was possible.
“They were éalculalcd bascd on the mathematical models of cost. - Therefore, it should be
born in mind that the values obtained thus would differ in nature from thc results of detailed

study for individual projccts to be carricd out at thc cxccutmn Stagc
(2) Annual altocation of the cost hnd bent{lil of power loss reduction

~ The costs of power loss teduction were. aniually allocated that the ihdiﬁdual LV and MV

system projects requirc one year and two years respectively until completion.

Thc constructmn volumc and tolal cost for n,spcmvc altemative p!ans are as presented in
“Teble 6.4 1.



Table 6.4-1  Countermeasure Seale and Cost for Respective Allernative Plans
(for 10 years : 1000 JD)

Alternative plan A B C D E

Capacitor Capacity MVA 191 191 191 191 191
installation © [ Cost 764 764 764 761 764

LV ncw line’ | No.offeeder | 1,533]  1,989] 2,599 3,881 6,248
construclion : . Cast 'l9,é36 22,589. 26,3761 - 32,576 39,34}
MV new lincli= No.of  feedes| 0 A - 15 22 40]
construction Cost 0| 6,647 12,860] 16,660 23,463

Total cost 20,000 30,0001 40,000 50,000 63,570| 

- 6.5 Eslimation of Power Loss
(1 Estimation of Power Loss Rcduction

The estimated power loss reduction and the ratio to peak generation in 2009 in case the five

" alternative plans A, B, C, D and I have been exceuted are presented in Table 6.5-1.

“Fable 6.5-1" Power Loss Reduction and the Ratio to Pcak Generation in 2009
R o T (Unit: MW, %)

. Altcn;ative’ plan . A | B C A k-
Ly Lossreduction | 380 '4'_1.3 B 45.9 ; 524|588
Ratio to generation (%) 21l 23 25 28 .3_.2 |
MV Loss reduction 100 192 27:.6 324 402
Ratio to generation (%)) 0.5 Lo 15| .18 __2:.2
Total Loss rc&uc:i_on o _4.%,0_ ﬁg.o gl 843 | 9.9i.0
Ratio to gencration @ 25 33l a0l 46| 54




(2} Reduclion .of Electricat Enevgy Loss

The energy loss reduction, and ratio of loss reduction to encigy generation, in the year 2009

are presented in Table 6.5-2.

] _ ~ Table6.5-2 Eﬁcigy Loss Reduction and Ilhc Ratio to Encrgy chnc;.atinn in 2009
Altcrnéti_vc plan ._ ' 'lA : B'._ 'C | D : E

IV Loqs r'cdui::'ioh(QWh) 1616 1776 175 222;5 245.9

Ratio to generation {%) : l?.d 1.6 | l’? | B9l 2-_.2

MY .Logslrcducﬁ.on(GWh); st 8e9| 1249 146.7 182.2

Ratiolto gcn(.:ra:libh (%5 : '30:.4 0.7 s i1 13 B 1.6

_frm;ﬂ --i,_o'gs rédugtioﬁ(G\Yh)' - 206.7 ”264.5 3200 369.2 '432._1

y | ;. .. L | Ratio to generation (%} 1.8 _ 2.3 _' ;2.8 _ .3.2 38

{3) Estimation of ’l‘;'ansmiSsion and Distribution Loss Rate

The loss rate values to cncigy genicration with and without countermicasure 1ill 2009 are’

. preseated in Table 6.5-3.

Table 6.5-3 Estimated Loss Rate of Respective Alternative Plans in 2009

 Altemative plan ' w'““’_"‘ : A | B C D E
' - countermeasures
Transmissionlossrate |~ 20% | 20% | 20%| 20% | 20% | 20%
i © MViesrate | 0 27% | 23% | 20%| 16% | 14% | 14%
ULV lessrate | 63% | 49% | 47%| 46% | 44% | 41%
Transmission & - ‘ | : ' _ R :
distribution 0% - | 92% | 87%| 82% | 78% | 12%
loss rate : ' '
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CHAPTER7 ECONOMIC AND FINANCIAL EVALUATION OF PROJECT

According the results of cconomic and financial analysis as shown in the (ollowing
"able, all the Alternative works arc feasible in both the economic and financial

viewpoints.

Sununary of Results of Economic and Financial Analyses

. Kind of analyses - Allernative A_Alternative B_Alternative C_Alteraative D Alternative E

CEIRR . 2491 72008 1780 1645 15.04

FIRR * 1573 1280 11.36 10.33 927

Among them, according to the results of repayability analysis as showa in the following
Tablc which shows a financial wealth of the enterprises who will exccut¢ the Project

‘with loan, the Alternative E may be the most ideal countermeasure among 5

alternatives.
Repayability Analyses of Each Alternative
Kind of analyses Alternative A Allernative B Alternative C Alternative D Alternative E
Repayability Repayability Repayable Repayable  Repayable -~ Repayable  Repayable
analySis. Total of net surphos from the

commencement of the works
to the end of the Project life

- (JDs.1,000) 98,820 117,274 134,607 145,068 154,896

Results of sensitivity test show the EIRR and FIRR of 10.87 % and 5.66 % respectively
vnder the most pessimistic case of the conditions of 5-year benefit and the cost
increased By 30 % in Alternative E.  This is to say that, even the most pessimistic case
under the conditions as mentioned above shows also still enough high EIRR from the
viewpoini that the Projeci is in developing country, It means that the Project under
study is economically sound. - And, generally, as suggested by such international

inistitations as the World Bank, an IRR is expected 1o at least be cleared a hurdle of
5.0 % from a viewpoint of basic human needs even such a project is in developing
_-countries, and the Project under study satisfies this expectation with the resulted FIRR,

Namely, the Project is financially sound too from the viewpoint of basic human needs.

71



'_Thc'tolal‘mns!r’uction cost including the contingericy for price cscalation without the

“cost for feasibility study_'slagc for formation of cryslallized project is cstimated al
amount of JDs.109,141 thousand consisting of the amount of JDs.93,861 thousand in
forcign loan (cquivalent in US Dollar, US$132,385 thousand with the cxchange rates of

US$1=IDs.0.709 in 1996 in average mid rate) and IDs.15, 2b0 thoumnd in local loan for

cwcuimn of lhc countcrmcawrc of !hc Allcmdhvc E.

The ‘md cons(rucuon cOs1 may bc not so much when comldcrcd that the Pchcl is for

he u.holc distribution network in Jord;m - The above mentioned amount of forcign
loan applycd for the repayabilily analysis is cstimated o cover 100 % of the forcign
currency portion and 75 % of the local éurrcncy portion of the said total investment cosl

with an interest rate of 2.7 % per anium for repayment pcnod of 30 yeats with lhc grace

period of 10 years.

- According to the ¢xisting balance shects of clectricily enterprises in Jordan for past 5
years, the total revenue ihéluding the other revendc has been increased with a rate of
around 17 % per annun since 1991, while that of cxpenses including the other cxpenses
has been increased with a ratc of 13 %. Comparing with the increasing ratio of
revenue, that of expensc is rather low during the period for past 5 years.  And, the net
inconic in total in 1995 has been reached at the amount of JDs. 17,145 thousand.

As mentioned above, the neeessary local loan amount is JDs.15,280 lhousaml for 10
years of construction period.  Considering the said existing balance sheet, and demand
forccast mentioned in previous sub-clause, the local loan may be casy fo be available
‘when it is guaranteed by the said net income.  On the contrary, they will be able to
borne by themselves within the said nel income without any such scrious trouble.
According 1o the projected balance sheets up to the end of the period for construction
works, they may kecp an amount of opcration balance (net incomc) more than
JDs.20,000 thousand after commencenient of the construction works in the case of
Alternalive E cven if they will pay for local cost of the said works, intcrest of forcign

foan and interest for lecal loan.
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CHAPTER 8 RECOMMENDATIONS
8.1 Recommendations Pertaining to Optimum Plans

The outline of five alternative plans for reducing the power loss proposed under this

study is as follows.

Allérnative plan A | B c: D "B

Capaciior cost {1000 JD) for 10 years| 84 - 784 164 . 764 764

Xex 1ine cost(1000 1) for 10 years| |9 236] 20.236) 39, 236| 49,236) 62,806

Tolal cost {1000 ID) for 10 years |20 000 30, 000 40, 000 50, 000} 63, 5?0

power loss reduction(MW) in 2009Y 48.0 61. 0 3.5 84.8 99.0
Energy loss reduclion lo ' 108 7.3 2, 8 39 138
generatjon(¥) in 2009Y " C oo

Transamission & Without- 197 g7 821 1.8 1.2

Dislribution less  |counlérmeasuvre

rale o generation(¥11. 0%

These alternative plans are highly significant in dliminating the waste (inefficient use)

of valuable naturat resources and regucing environmental pollution by combusting

power. plant fuels from a globat’ poml_ of view, Also from the slandpomt of national

- ‘economy, these plans are better oplions than constnicting thermal power plan_ls and -

burning imported fuels. ~From the point of‘view of respective power \ililily companies,
these plans are 5o excellenl as fo conlnbule significantly in improving the: financial

structures of the respechvc compames as described in financial’ evaluation. The -

‘alternative plans are consndered to conshlute the: most preferential options to be

'adoptcd at least before "construction of power plants and addmonal use of fuels”.

It has been made clear as a result of exccuting case studies Ly changing the interest

rates of loan for these alternative plans, _lh'al the fofeign currency loans with a low

* interést rate are advantageous but a problc_ni of repayment capabilities arise tentatively

as the interest rate increase.: Where the upper limit of interest rate is sct at 7%,
however the cash balance of the total amoum becomcs positive in any of the plans

Out of the five altérnative plans, the Plan E is recommended to be adopted by

Jordanian power sector, since this plan certainly makes it possible to realize: an
optimum power loss rate in Jordan, and will bring the largest net benefit among the five
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- plans:

The Study Team has adopted only the feeders of more than 100A in LV as an object of
new line construction, considering errors in the model equations in us present master
plan. Besides, possible existence of a plan is anticipated which may yleld a bigger nét
“benefit with a lager investment than Plan E, as the feeders under 100A may also be
made an object provided an accurate calculation is possible.  But it is reserved and put

aside as a buffer against possible erfors of demand forecasts arid model equations.

‘Bach of the Plans A ~ D requires much smaller amount of investment than in the case '

‘of the Plan E, and the power loss reduction countermeasure is taken according to the
most economically advantageous part. Thus the smaller the amount of invesiment,
the greater becomes the B/C (B: Benefit, C: Cost) value as a matter of couise, and the
smaller becomes the net benefit (B - C) on the contrary. These plans can be adopted
in some cases depe'nding upon the financial sitvations. However, it will be impossible

- to reduce lhe power loss rate to less than the ﬁrcs’ent level accorgding to the Plan A
~ requiring the smallest amount of invesiment aﬁiong the respective alter.n'ative plans.

| Thus, itis considered essential at least 1o execute this Plan under any szluallons copmg

wnh the i increase of electric power demand
8.2 Recomniendations for Actions and Works Nécessary in the Future

“ The aclions and the works to be execated in the future are recommended as follows.

8.2.1 | Counterimeasure Exccutable Without !nves!ment---.lm.provin'g Unbalanced
Current--- .

Improvement of the LV threc phase unbalanced current is exp’ected: to bring the

grcalcst B/C value as a countermeasure for loss reduction studied this time as it does:
‘not rcquue any investment. The 1mprovemenl of three phase current is recommended - -

to be executed at the very beginning, regardless of financing from outside.



Wiy

8.2.2 Countermeasure Executable with Low Investment--Improving Power

Factor-

For improvement of power faclor by installing capacitors in the LV system is possible
with a low investment of less than one million JD, and therefore, no foreign loan is
necessary. - An urgent execution of improvement is recommended by self-financing or

local bank loan,
(1) : chuir@ménts to be Met for Exccuting the Counlefmensurts

Cap;acit:ors'sho'uld be installed as close o the load as pbssiblc, but not so as (o turn the

system into over-compensation, as the load current decreases when the distribution

feeder&spread into branches and approach the load. Where the load ‘curcent is _

roughly one-fourth of one-fifth the load current of the feeder, the existing 25 kVar
capacitor as a mimmum unit capacity will not be useful at all when installed in the LV
system.: ‘The Sludy Team has proposes development of capacitor with a unit capacity
of 110 kVar, or 5 kVar wherever possible. Although' the B/C value niay naturally be

'reduCed' due to rise in the unit cost, the advantage of capacitor in power loss reduction

will remam unchanged even if the unil-cost should be tripled. - It. may be most -

important: lo make good condition fof snicoth execution of capacnlor mslalhhon as

- long as lmprovement of LV power factor is concerned
: ‘{2) - The Feﬁsib.:ilily _Stud)._' for Impr_ovenie_nt of Power Factor

The feaub:lny siudy with comphcaled calculal:on and sophisticated study are not

required for capacitor msta]lauon in the LV system It should be carried out mainly
with respect to the work execution, the operation and the mainténance after installation,

Especially, close alleniion_ should be paid to avoid éxcessive over-compeénsation,

* because excessive over-compensation causes loss increase and over-voltage.

8.2_.3 Ceuntermeasures for whlch Inveslments are Requned---New Lme

Conslrucuon--- :

- As mentioned above, improvements of the unbalanced cuirent and the power factor are -

expected as economically excellent countermeasures because they do not require big - ‘
amounts of invesiment, But the quantity of loss reduction by these counternmeasures is
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not sufficient. The loss rate in 2009 will be certainly increased by load growth, if the
additional countermicasures are not adopted.  New line construction couvntermeasures
are indispensable to realize loss reduction throughout Jordan.  Actions and works for

- exccution of new line construction by Jordan power scetor are desired.

A large amount of investment and a large volume of work for féasibility study are

* required for exccution of this countermeasure.  Besides, efforts to obtain loans from -

- foreign countrics may also be required.

-{1) Requirements to be Met for Execuling the Countermeasures

The objective of new lirie construction is to reatize high conductance for loss reduction.

Mcanwhile, the size of cach distribution line conductor being uscd at present in Jordan

can be sald to be too small 10 realize optimum conductor size as is clear [rom the results

- of study on thc Samplc—l which concludes that it would be Gptmmm to construct 2or .

3--circuit ling along the same route of ex1stmg_!mc. While, it is predicted difficultics in

some cases 1o construct an indcpendent line depending on' the local situations. It is

recommended to promole study for development, adcapung and standardization of high-

' conduc!ancc line for LV and MV systems sach as:
' 1)} Multicircuit line
2) Big size conductor fine -
3) Muiucorlductor linc
Of course, construclion cost of ncw]y dLVGlOpcd lme. should bc chcaper than Ihal of two

mdepcndcnl convcnuonal lme to realize samc conduc!ancc
(2) 'Feasibilily Sludy
imblemema_lion of feasibitity sludi_cs are ncccssaf}’ for putting the maSter plan

formulated under this study into practice. The request for loan to any mtemauonal

fmancc msmutmn is also made based on Ihe results of such feaSIblhly sludy

Since the féasibiiilf'sfudy_will amount to a huge volume of work, it would b'cjtislifiablc' :

o exe:cul.c the study by dividing ten years of the master plan into three periods:
1) first period————-=-1999-2001

- 2) seéond period——~2002-2005
3) third periog--——-- 2006-2008



W .

Advised below are the aclions and tasks predicted to be required in the futuré when
taking into account the use of the low interest rate loan from international financial

institutions.

The respective power companies should carry out the feasibility study and determine

 the power loss redué:ion plans. The feasibility study for new line construction will be

the most important and require a huge volume of work.: l‘wo kirids of data’ will be‘
requiréd for executing the study on Ihe constniction of any new line. One is the systém
coﬁfiguration data and the other is the load data. '

it is recommended:

1) To collecl and accumu]ate the system conf:gurauon data and load forecast data in

advance.

VAN adjust the volume ofwork execution based roughly on thé amount ofuwestmem '

givern in lhe niaster plan as reference values:

' (3 Schedule bfl_hé Feasibility Study

. In case the study is to be carried out by dividing the Plan E inlo three periods, the

number of feedess to be studied w:ll amount roughly to:
1) 750 m the first period
2) 2,150 ‘in thé second period
3)3,500 in the third period .

The period requircd for this sii:dy is estimatéd to be:
i ):aear durihg first periéd : )
2) 3 years during second period
3) 4.5 years =dur_ing third p_eriod

o Judgmg from the above requlrements, the study shoutd be slarted wuh a lead time of 2
or 25 years before the :nslaliauon work carried out conlmuously and completcd'

roughly one year before starting _lhe third * period mslallatmn work I s
recommended 1o start the first period study by the end of 1997, .
The outline of work schedule including consteuction periods is proppéed as the table

shown below.
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Outline of Schedule for the Program

Year T2 T3 T4 Ts Ts6 17 [s 19 [0 [i1 |12

/S

Designing - | | ' : g;

Construction

FfS

Designing

Construction

F/S

Desighing

Construction

T The vork and feasibility sludy by Jordan power.sector 8
/> Consullani e '

@) Recommendations for Efﬁ_ciemly Projlioiilug the Feasibility Study |

In the case of any distribution system, it is _essenliai to study a Jarge number of items as
mentioned previously. As pioposed in the above general schedule, both the Second
Period and Third Period on the feasibility study should all be carried out by the electric
power sector of Jordan. - o

For this purpose, it is desired to:

1) Study eStabli_shme‘n_’t of execulion organization in advance.
_ 2)'Promdte_{rainin"g'0f the engineers of regional offices and establish study team.
- 3) Devise speeding up'lhe siudy 'aléng'_\vilh the progr'es‘sjof the study.

* Since the First Period corresponds to a starling period, the first feasibility study is

recommended to be carried out in cooperation with the power sector of Jordan and
* consultant. The power sector of Jordan is desired to acquire sufficient technical
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knowledge and know-how during this _firsi'feasibiliiy study in order tb enable the

sector to independently execute the Second and Third Period Studies.

The roles of respective parties in the feasibility studies and the organization of the

~ consultant will be as presented below:

(&) The Roles of the Power Sector of Jordan
- Collection of necessary data and site survey
- Assistance in calculation

- Check of the adaptability of planning and desigaing

“{b) * The Roles of the Consuttant
- Load forecast
- Setting of gundelmes for the amount of investment by the respec!we compamcs
- Bstimation of unit construction cost
© - Optimization calculation.
o - Training on calculation methods
o - - Feasibility design
e ' - = Preparation of work schedule
- Arranging the final plan -

- Beconontic evalvation

(é) Ficld of Specialties and Volume of Work of the Consultant Team Members

1) Fleld of Specsallles ' |
- Overall team managemenl and demand forecast

’l‘rans_nussxon and distribution planning
~ - Optimizalion calculation and calculation training A
- Opumlzauon calculalmn 4nd calculation training B
- Distribution facililies de&gn A
- Distribution facilities desngn B
ﬁ; L I‘ccnomlc analysis
| | 2) Volume of work [man/month (M/M)]

- Roughly 40 - 45 VIIM is deemed to be sufficient for execuung the sludy. _
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‘(5) Application for and Negotiations on Loan

It is essential for the Goverament of Jordan to decide whether this project should be
implemented or not, and if yes, which alternative plans should be adopted. Inthe case
of receiving loans from domestic financing institutions, it may be possible for the

respective power companics to select individually different alternative plans.

In thie case of requesting loans from any foreign public financing institution, however,

the Government will be required to indicate its own uniform intention of choice -

regarding the Alternative Plans A ~ E alter hearing opinions from the respective
distribution compames underlaking actual distribution services. '

- In order that the request of the Government should not be rejected through ¢xamination
: _by the international financing institution, the electric power sector of Jordan should - -
direct their efforts for persuading the relevant government institutions (agencies). _
The domeslic raﬁking of the priority of the power loss reduction projects among the :
overall proj'ecls in Jordan is the most impor{ant . In other words, the priority of the
power sector itself should naturally be as high as possible to win a top priorily in
Jordan. - As \'_vas rcfcrr:ed.lo in RECOMMBNDATIONS above, the facts that the pbwer
loss reduction projecls are tanked higher in priorily than any other power plant

: conslr’uclion project and that these project:s coniribute to improving the balance of

- paymenl of the country, are persuaswe merilts. . ‘The rcspective dislribiilion compsnies

are recommended o dll'CCl lhelr mcessant cfforts for persuadmg the offlcials of the

relevam government agencncs
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