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PREFACE

In response to a request from the Government of Sultanate of Oman, the
Government of Japan decided to conduct the Study on Demand Supply Management

on Power Sector in Sultanate of Oman and entrusted the study to Japan Juternational
Cooperation Agency (JICA). ‘

JICA sent a study team led by Mr.Katsuhiko Otaki of Proact International Co.,Ltd.
to Sultanate of Oman four times from Octlober 1997 to September 1998.

The team held discussions with the officials concerncd of the Government of
Sultanate of Oman, and conducted related field surveys. After returning to Japan,

the team conducted further studies and complied the final results in this report.

I hope this report will contribute to the promotion of the plan and to enhancement
of friendly relations between our two counltries.

I wish to express my sincere appreciation to the officials concerned of the Sultanate
of Oman for their close cooperalion throughout the study.

November 1998

Kimio FUNTA

President
Japan International Coopcration Agency




November 1998
Mr Kimio Fujita

President
Japan International Cooperation Agency

Tokyo, Japan

Dear Mr.Fujita:

Letter of Transmittal

We are pleased to submit to you the reporf of the Study on Demand Supply Management
for Power Sector in Sultanate of Oman. The report reflects the advice and suggestions
of the authorities concerned of the Govemment of Japan and your Agency as well as
containing the Power Sector Master Plan, the results of analyses and recommendations.
Also reflected are the comments from the officials of the Ministry of Electricity and
Water of Sultanate of Oman, through the discussions in the Counterpart Team meetings
for this Study held in Muscat from time to time during the study period.

This report presents, in particular, the potential viability of modifying existing gas
turbines to accommodate water injection at Ghubrah, Rusail and Wadi Jizzi, the

imterconnection of the Muscat and Wadi hzzi Systems, and also the Central Load
Dispatching Center.

In view of impoitance of the power sector infrasteucture in the metropolitan areas of
Oman and the expected net benefit of such infrastructures are shown in the report, we
recommend that specified plans be implemented as a top priority in the country.

We wish to take this opportunity to express our sincere gratitude to your Agency, the
Ministry of Foreign Affairs and the Ministry of International Trade and Industry. We
also wish to express our deepest gratitude to the Ministry of Electricity and Water and
the authoritative government agencies concemed of Sultanate of Oman for the close
cooperation and assistance extended (o us duning the period.

Very truly yours,

S Pl
Katsuhiko Otaki
Team leader
The Study on Demand Supply Management
for Power Sector in Sultanate of Oman
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Chapter 1

Outline of Sultanate of Oman



1. Outline of Sultanate of Oman
1-1. Qutline

1-1-1. Geography and Topography
The Sultanate of Oman occupies the South-Eastern corner of the Avabian Peninsula
and borders Saudi Arabia and the United Avab Fmivates in the West; the Republic of
Yemen in the South; the Strait of Hormuz in the North and the Arabian Sea in the East.
g The coastline extends 1,700kilometers. The total avea is approximately 309,500sq. kms.
and it is the third largest country in the Arabian Peninsula.

The Sultanate of Oman has a variety of topographical features consisting of plains,
wadis and mountains. The most important avea is the coastal plain which represents
about 3% of the total land area. ‘The meuntain ranges occupy aboul 15%. The Hajar
range runs from Musandam in the North to Ras al Hadd, the extreme limit of the
Avabian Peninsula. In the South, the Qara range atlracts the monsecon, which brings
unique weather conditions and creates a special environment in Dhofar. The remaining
area which occupies 82% of the country is mainly sand and gravel desert.

1-1-2. Climate

The climate differs from one area to another. It is hot and humid in the coastal areas in

summer; while il is hot and dry in the Interior with the exception of the higher

mountains, which enjoy a moderate climate throughout the yeav. Rainfall is generally

light and irregular; although heavy rains and thunderstorms sometime cause severe

flooding. In the South, the Dhofar region has a mederate climate and the pattern of
E rainfall is more predictable with heavy monsoon rains occurring regularly between

May and September.

1-1-3. Poputation
At the end of 1993 the total pepulation of Oman was 2,018,074 of which 1,483,226 were
Omanis {73.5%) and 534,848 were expatriates, The majority of expatriates ave
concentrated in the Capital arca, where they represent 46% of the population. The
population grewth rate is quite high, 3.7% annually. The population under 15 years old
represents more than 50 % of the total population.

In most other areas of the Sultanate Omanis make up 75% or more of the total
population. The social is elassified widely four tips, O people who make a living by the
sea, @ people who make a living by agriculture in Batinah and the Southern Region,
@ people who live in mountain area of Dhofar and Musandam, @ the nomads in
desert avea.

I 1-2. Society and Economy

1-2-1. Economy
Oman’s economy has been transformed by the export of oil since 1967. It is therefore
hardly surprising that until 1986 when the oil priece tumbled, crude oil accounted for
99% of all exports. However, by 1994 oil comprised only 38% of the GDP because of the
growth in other sectors of the economy. Through consecutive Five-Year Development
Plans, the Sultanate of Oman has witnessed an impressive record of economie and
social achievements which are clearly reflected in the modern physical infrastructure,



the considerably improved basic health and ecducation system, and the overall
standards of living of Omanis.

1-2-2. Fifth Five-Year Plan {1996-2000)

The Fifth Five-Year Plan is characterized by its hmtoncal 1mpontance in the ()m‘nu
development process. This importance is pnmm ily attributable to the fact that this
plan represents A crossvoads and a watmshcd hetween two highly important stages of
economie and social dcvclﬂpment in the Sultanate. The Plan aims to maintain, at the
minimum, the current level of per capita income in real terms and will styive to double
it by 2020, while m: untamlng Omani values and traditions. Sccondly, the 1mp01tancc of
this plan is attnibutable to the inevitable changes in the role of government in Oman'’s
cconomy, from a dominant role necessitated by the requirements of the previous slage,
to the role of strategic guidance of an economy that depends on a dynmmc private
sector,

Oman’s economy wilt be able to shift from an economy that depends on government
initiative and spending, oil resources and expatriate labor as the:main'éngines of
economic activity, to an economy that depends on private initiatives, national labm

and renewable resources that lead to achievement of sustainable development, and an
improvement in the living standard of the Omani citizen. The Investment Plogmm of
the Fifth Five-Year Plan is characterized by being largely dependent on the private
sector’s investments. The share of the private sector’s invéstments (Omani and Non-
Omani) in the total investments targeted in the plan to reach (563.3%), while the shave
of the private sector in the investinents of the Fourth Plan did not exceed (38.1%),

1-3. Electricily Suppiy

1-3-1. Ministry of Electricity and Water

In the late 70s the growing nationwide demand for electricity and water was such that
the Ministry of Electricity and Water (MEW) was cstablished in 1978. MEW is
entrusted with the generation, transmission and distribution of electricity to all the
Governorates and regions of the Sultanate as well as the provision ef drinking water.
The Ministry's Electricity department has adopted main policies as follows, @
Provision of eleetricity to the whole country, @Replace diesel gencrators with gas
turbines, @Eucourage participation of private sector in the electricity business.

The first lavge project to provide electricity was the construction of the Ghubrah power
station and desalination plant-in 1976, with an initial capacity of 25.5MW. The first
major extension to the power plant was completed in 1983 increasing the capacity lo
287 MW. At the same time of MEW’ establishment the gas pipeline to the coast was
extended te Sohar where a power station was constructed close to thc copper mining
and smelting project. Along the gas pipeline, provision was made for spur lines to meet
industrial and domestic demand for electric power. One of the most important
connections was at Rusayl, the site of {)man s first industrial complex, where a power
station was constructed in 1984 with' a capac;ty of 250 MW. After expansion projects,
this capacily has now been doubled to 500MW. There are cmlently 31 power stations
with a total installed capacity of 1, 791MW in Oman.

‘The electricity grid system has some 220 main sub.stations and about 11,000
distribution transformers. Electricity now reaches all the populated areas of the



Sultanate except for some remote mountain villages, which means that about 87% of
the country is fully supplied clectricity. It is expected to extend this coverage Lo 93% of
the total populated areas by the end of the current Five-Year Plan.

1-3-2. Privatization

The Investment Program of the Fifth Five-Year Plan is chavacterized by being largely
dependent on the private sector’s investments. The share of private scetor’s
investments in the electric sector targeted in the plan to reach 70%, while in the
Fourth Plan the share of public investment was 100%. The Ministvy of Electricity and
Water has always encouraged the involvement of the private sector since ifs
establishment as the Government body responsible for planning and supervising the
development of these utilities.

The Manah Power Project was the most important achievement of the Government's
privatization policy at the start of the current Five-year Plan. It is not only the fivst
independent power project in the Sultanate, but also the first in the Guif Countries. It
has heen established on the build-own-operate-and-transfer (BOOT) scheme. In the
case of the Manah power station it was agreed that the United Power Company would
operate the power station, while the Ministry will be responsible for operating the
transmission facilities for twenty years. The new plani replaced the old diesel power
stations at Nizwa, Bahla and [zk1.
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2. Power Demand Forecast and Present State of Power Demand and Supply
2-1. Power Demand Forecast

2-1-1. Present Power Consumption

(1) Power Consumption Level$ and Demand Structure
This report and following discussions are mainly focused on the energy usage of both
the Muscat and Wadi Jizzi ‘systems. Together, they account for 80% of the total
clectrical energy consumption in Oman. As a whole, the Sultanate of Oman consumed
a total of 5,623GWh in 1997. Of this total, the Muscat system consumed 3,689GWH or
64% of the total. The Wadi Jizzi system accounted for 845GWH, or, voughly, 156% of the
total energy output.

From 1990 to 1997, power demand of the Muscat system grew L.49 times, and the
mean annual growth rate was 5.9 %. The annual growth in demand varied significantly
from year to year. For example, the electricity demand in 1993 marked a high growth
rate of 13.9 %, while the growth rate in 1991 was as low as 1.2 %.

In contrast, the electricity demands of the Wadi Jizzi system grew 2 times for the same
eight-year period. This growth rate is noticcably greater than that of the Muscat
system. In particular, from 1992 to 1994, annual growth rates were as high as 13~
17%. At present, electricity demands continue to grow at high rates. (Table 2-1-1)

Table 2-1-1 Actual Energy Consumption (GWh)

Yoar [Muscat |Growth | Wadi| Growth JMuscat +|Growth | Other | Oman Growth
Rate | Jizzi | Rate [Wadi Jizzi |Rate Regiona| Total Rate

1990 | 23974 - |4147 - 2812.1) - 662.9f 3475.0] -
1991 | 2426.4| 1.2%|436.9 54%| 28633 18%| 705.0{ 35668.3] 2.7%
1992 | 2666.6] 9.9%|512.3] 17.3%| 3178.9] 11.0%| 1083.8} 3947.1] 10.6%
1993 | 3038.51 13.9%|599.4] 17.0%] 3637.9] 14.4%| 882.2] 4520.1] 14.5%
19941 3179.3| 4.6%|675.7| 12.7%| 3855.0{ 6.0%| 964.3| 4819.3] 6.6%
1995 | 3314.4] 4.2%|727.1] 7.6%| 4041.5] 4.8% 1045.2) 5086.7] 5.5%
1996 3.6%|791.5] 8.9%| 42214 4.5%] 1081.0] 53024 4.2%
1997 | 3588.8] 4.6%|845.4] 6.8%| 4434.0| 5.0%] 1189.0| 5623.0; 6.0%

RAver. Growth 5.9% 10.7% 6.7% T 1%
ate

The maximum power demand for the Muscat system in 1996, including peak-time load
shedding of 55 MW, was 986 MW or 6.8 % above the previous year's level. The
maximum power demand of 1997 increased significantly to 1,080M\WY as a result of the
interconnection between the Muscat and Manah systems at the end of 1996. Fhe
maximum power demand for the Wadi Jizzi system, including load shedding of 16 MW,
were 265 MW in 1996, and 293 MW in 1997, The maximum power demand of 1997
marked a large growth of 10.6 % from the previous year. Maximum power demands of
the two power systems are increasing significantly and power source development is
lagging behind. Hence, both systems have to use peak-time load shedding during the
summer season. {Table 2-1-2)



Table 2-1-2  Actual Peak Denﬁand (M)

Year Muscat | Growth Wfllel?ﬂ Growth
Rate Rate
1990 658 . 172 _
1991 679] 3.2% 177 2.9%
1992 725 .6.8% 192 8.56%|
1993 817 12.7% 218 13.6%
1994 8781 1.5% 234 7.3%
1995 0231  5.1% 247 5.6%)
1996 “986] 6.8% 265 7.3%
1997 080 9.5%] **r293[  10.6%
Average 71.3% 7.9%

* 031455(Load shedding)

**After Interconnection with Manah S) stermn
**x 277+16{L.oad shedding)

Electricity demands in Oman are classified by application: households, governmental
agencies, commerce and jndustry, and others (agricultuve, fishery, tourism, ete.). Table
2-1-3 shows the actual records of demand for both the Muscat and Wadi Jizzi systems,
by application, over the last six years. According to the 1997 records of the Muscat
system, household usage accounted for 54 % of the total demand. Demands by
governmental agencies were 25 % and demands by commerce and industry have been
growing year after year, but percentages remain only 20 %.

As for the Wadi Jizzi system, household demand accounted for 69 % and governmental
agencies accounted for 15 %. Together, these applications accounted for 84 % of the
total. 'The ratio of demand for commerce, industry and others is as low as 17%. On the

basis of these findings, the features of electricity demand in Oman are summarized as
follows:

* Air conditioning accounts for the greatest part of houschold clectricity demands.
' Demands by governmental agencies are relatively large. :

{Demands of this kind account for 23 % of the total demand from both systems }

* Power for the drilling and refining of oil and natural gas is supplied separately.

No other large-scale industries can be included in the base demands for

clectricity. Morcover, demands by commerce and industry remain relatively low.



Table 2-1-3 Actual Demands by Application

Muscat System (MWh)
Year |Household|Commerce [Governmeatal|Olhers [Industrial [Total Growth
& Industry]Agency ' Estates Rate (%)
1992 1621.1 222.8 790.2) 236 0 2666.7 -
1993 1856.8 253.3 884.5] 43.9 0 3038.5) 13.9%
1994 1960.1 203.8 309.9] 259 0 3179.7 4.6%1‘
1995 1949.4 403.4 920.4] 41.3 O 33146 4.2%
1996 1846.0 G35.7 889.11 59.1 O 3420.9] 3.5%
1997 1936.7 711.7 882.31 58.8 0 3588.6] 4.6%

Wadi Jizzi System B
Year |Household{Commerce |Governmental|Others [Industvial |Total Growth

& IndustiyjAgency Estates Rate (%)
1992 39_4.6 379 7.5 24 0 6124 -
1993 453.0 44.1 90.5; 11.8 0 599.4] 17.0%
1994 502.3 46.5 111.2] 157 0 675.7] 12.1%
1995 524.6 G3.4 118.1] 16.1 0 72721 7.6%
1996 544.3 103.9 126.6f 16.7 0 791.5f 8.8%
1997 579.4 124.2) 122.6] 19.1 0 345.4] 06.8%

(2)Annual and Dauy Load Varlallons

As deseribed above, the main demand for clectricity in ()m'm comes from household air
condltmmng During hot summer days, when maximum air temperatures can exceed
40C, combined with a high humidity, air conditioners operate fully, not only during the
day, but until midnight. The electrical consumption of air conditioners is said to account
for 70 % of the peak demand.

Regarding annual load fluctuations, the maximum power demand for the Muscat
system in 1997, 1,080 MW, took place on August 2, and the minimum power demand,

206 MW, was on January 2. The ratio of the minimum power demand to the maximum
power demand is 19 %. This ratie is half as large as the ratio, 38%, of the Shikoku
Electric Power Company in 1997. This annual load fluctuation in Oman is very large.

The actual record of the annual load factor is about 50 %, and this value is about 10 %
lower than that of the Shikoku Blectric Power. This is due to the difference in base loads.
The insufficient base load makes it difficult to achieve an efficient demand and supply
operation (See Annex 2-1-a,b). As for the daily load fluctuations, the load curves of the
days of maximum power demand for the Muscat and Wadi Jizzi systems in 1996 and
1997 are shown in Figure 2-1-1.
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Figure 2:1-1 Daily Load Curve in Peak Deﬁland (1996',19.97)

During days ofmaxmunn power demand, the Muscat sycstem s load fluctuahon ratms of
minimum to maximum power demand, were 730/1080=0.62 i in 1997 and 681/986 =0.69
in 1996. The 1996 load fluctuation ratio of Shikoku {‘Jlectrzc Power was 0.49. The ralios
of the Muscat system are low, relative to Shikoku. In the Muscat system, pe’ik demands
were generated, mainly, by air conditioning at 15:00 during the day and 23:00 at night.

Daily load factors for the Museat system are 83% to 84 % in the peak season.  This is
fairly high, compared to 755 % ofShlkoku As mentioned above, in Omai, the dally load
fluctuation is rather small relative to that of the Japanese electric power companies, but
in contrast, the annual load fluctuation is large. Because of this, the utilization factors
of the power generation facilities and of the transmission and distribution facilities are
low, causing higher total power supplying costs.

2-1-2. Prospects of Power Demand

The current basic approach to the power demand forecasting i in Oman is based on the
master plan, a method proposed by the German consulting firm, Fichtner. Sumiarly
the plans for electric power equipment, including the generation expansion plan, were
established on the hasis of this projection. This master plan has been examined and
reviewed,

(1) Method for Projecting Power Demands

(DForecast of Electric Energy Consumption
Detailed power demand forecasts are made by arca and by application. These
approaches arve as follows.

a. Bstimate by Avea _
The country is divided into eight areas according to population concentration, ratio
of unclectrified areas and other classifiers. Then, csl:matxon is made based on
actual records from these areas.

Lhﬂmmmm;gam
Electric energy consumption, in MWh, is estimated by application for householde
commerce and industry, governmental agencies, etc., using past trends, correlation
with social and economic indicators and other factors. Electric energy consu mption



for new industrial development projeets is estimated separately.

Houschold estimates are derived from the increase of houscholds (population
growth); the growth in power consumption per household (considering saturation
levels of electric energy consumption) and from previously clectrified and newly
electrified areas.

@Forecasting Maxitum Power Demands
Maximum power demands are estimated for cach power system using records of
annual load ‘and loss factors and the above-mentioned estimates. The electric
energy consumption and maximum power demand growth rates for the Muscat
and Wadi Jizzi systems, which also have been estimated in the above-mentioned
manner, are shown in Table 2-1-4.

Table 2-1-4  Growth Rate of Energy Consumption & Power Demand (%)

95-~~2000| 2000~05 | 2005~ 10| 1995~10
Muscat MWh 5.5 5.1 3.2 4.6
MW 9.0 5.0 3.1 5.7
Wadi Jizzil MWh 7.9 4.7 3.5 5.4
MW 72 3.8 3.3 4.8

The Muscat system’s saturation levels for household clectric energy expenditures are
estimated to be 12,000 kWhiyear per household. Actual consumption has almost
reached this level. Unelectrified arcas vemain in the periphery of this power system;
hence, the growth rate is estimated to be about 5 % in and after the year 2000 and
about 3 % beyond 2005,

As for the Wadi Jizzi system, based on records up tonow, electric energy consumption
is estimated to continue growing at a high rate. And, just like the Muscat system,
saturation levels will be reached beyond the year 2005, when the growth rate is
estimated to be about 3.5 %. With regards to maximum power demand, the annual
load factor of the Muscat system was 0.5 in 1995, and 0.42 for the Wadi Jizzi system.
In coming' years, load factors are estimated to improve by 0.01 to 0.02 due to
increases in base loads, such as industrial development.

(2) Prospects of Long-term Power Demand
In this study, on the basis of the long-term power demand estimates of the Fichtner
master plan, we made the following modifications to veflect actual records and
estimated the power demands up to the year 2010,

(DForecasts of Energy Consumption
The recorded growth rate for the electric energy consumption of 1997 was 4.6% for
Muscat System and 6.8% for Wadi Jiezi Systeni. The growth rate of electric energy
consumption after 1998 is based on Fichtner’s master plan.



Table 2-1-5  VForecasts of Knergy Consumption (MWh)

Fichtuer Foreca ;t After M odlflcatlou

Year [Muscat [Wadi Jizzi {Muscat | Growth. |Wadi Jizzi | Growth.
: : Rate " .1 Rate
1997 | 3767.7 882.3] 3588.6 4.6%| 845.4 6.8%
1998 | 4006.9 957.1] 388771  6.3%| 938.1 8.5%
1999 | 4248.1 1031.7; 41217 6.0% - - 1011.3] 7.8% x-
2000 4540 - 1110.1] 44049]  6.9%| 1088.1]  7.6% ’
2001 | 4831.6 1185.5] 4687.8 6.4% | 1162.0] 6.8%
2002 | 5122.1] 1237.2] 49697 6.0%! 12127 4.4%
2003 | 5412.5 1289.8] 52514  5.7% 1264.2 4.3%
2004 | 5620.1 1342.5| 54529 3.8% 1315.2] 4.1%
2005 5826 1397.1] 56526  3.7% 1369.4 4.1%
2006 | 6029.2 1449.3] 58498  3.5% '1420.6 3.7%
2007 | 6229.1 1501 6043.7 3.3% 1471.3 3.6%
2008 | 6424.9 1552 6233.7 3.1% 1521.2 3.4%
2009 | G624.5 1604.5] 6127.4 3.1% 1572.7 3.4%
2010 | 6828.1 1660.5| ©624.9 3.1% 1627.6 3.5%

@Forecasts of Power Demand

Table2-1-6 Forecasts of Power Demand MW)

Fichtner Forecast _ After Modification

Year | Museat | Wadi Jizzi | Muscat | Growth. | Wadi Jizzi| Growth. !

Rate ' "Rate
1997 1129 295 1080 - 293 -

1998 | 1185 317 1210 12.0% 310 5.8%
1999 1242 335 1268 4.8% 328 5.7%
2000 1393 358 1423 12.2% 350 6.9%
2001 1482 375 1514 6.4% 367 4.7%
2002 1571 390 1605 6.0% 381 4.0%
2003 1658 404 1693 5.5% 395 3.6%
2004 | 1720 418 1756 3.9% 409 3.5%
| 2005 1782 432 1820 3.6% 422 3.3%
2006 | 1842 447 1380 3.4% 437 3.5%
2007 1901 462 1940 3.2% 452 3.4%
2008 1958 476 2000 ©3.0% 465 3.0%
2009 2016 491 2060 3.0% 480 3.2%
2010 { 2075 507 2120 2.9% 496 3.3%

The load growth in 2000 is high because Mudaiybt and Mudairib in the bharqx)a ;

Region will be interconnected to the Muscat system.
Estimates of the 1998 maximum powér‘demand have been prcdicted By considering

the growth-rate of the last five years (8.3% in the Muscat System and 8.8% in the
Wadi Jizzi System) and figures for the first half of this year.
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2.2, Present State and Problems of Power Demand and Supply

2.2.1. Generation Expansion Plan _

(1) Basic Approach to the Generation Expansion Pla
The generation expansion plan, like other eleetric power facility plans, is based on the
(N-1) criterion. This approach can be defined as follows:

a. To prevent a supply shortage, in case of a large dvop in the power source output, cach
power system is developed to have a capacity equivalent to the maximum power
demand plus the capacity of the largest generator.

b. The capacity of each developed unit is limited from 15% to 20% of the total capacity of
the power system.

In recent years, this approach to the generation expansion plan has caused supply
shortages due to delays in power source development. Shortages oceur beeause the
spinning reserve, equivalent to the capacity of the largest unit, cannot be secuved
during the summer peak. Operation is quite tight and troubles on small-capacity units
force the system to do load shedding.

(Actual load shedding of 1997)
Muscat system: 50 MW  one time.
Wadi Jizzi system: Max. 35 MW 12 times.

The supply-c'apacity shortage became havder in 1998, from May to June, when load
shedding took place almost everyday. Supply power needs to be secured immediately in
preparation for next summer. Moreover, a method of reviewing long-term plans, based
on actual records of demand, needs to be established and implemented, such as the
master plan.

(2)Review of Generation Expansion Plan
After modifying the long-term forecasts of the maximum power demands, the
generation expansion plan, from 1998 to 2010, was re-evaluated

(DMuscat System
As a result of modification, the maximum power demand was revised upward by 2.0 %.
To compensate for the recent power supply shortage, new generation units need to be
installed, GT7 in Rusait PS and GT4 in Manah PS, and existing generation units in
Rusail and Ghubrah PS should be augmented by water injection for next summer. The
expanded generation capacity from 1998 to 2010 will be 1167MW, including a
rotirement of 460OMW of old units. {Generation expansion plan, see Annex;2-2-a)

@Wadi Jizzi System
Like the Muscat system, Wadi Jizzi requires about 90 MW of improved power
development hefore next summer, GT12 and GT13, including water injection. The
expanded generation capacity from 1998 to 2010 will be 248MW including a
retirement of S1MW of old units. (Generation expansion plan, see Annex:2-2-b)
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{3) Examination of System Interconnection -
Wadi Jizzi ts a small capacity system and the power demand gxowth rate is relatively
high. To secure the specified level of 1elnblhty, an increase in capacilty must be
developed. However, the following vestraints must also be considered.

* System size prohibits the development of a large capacity unit (95 MW class).
* When a relatively large capacity unit (60 MW class) is developed, opezatlon
requires a spinning reserve cquivalent to the largest generator.

-

These conditions require frequent developmnent of small capacity units (30 MW class)
and have caused a supply eapacity shortage in recent years.

After calculation, the diversity of maximum demand between the Muscat system and
the Wadi Jizzi system is about 4%. This figure was 2% in 1996. (See Annex: 2-2-¢)
Furtheérmore, a 2% maximwn-demand diversity factor between the Muscat and Wadi
Jizzi systems can be expected. Accordingly, the system interconnection should allow for
a power source reduction equal to 2% of the total capacity.

{Table 2-2-1 Actual Maximum Load Gurve of Muscat &Wadi Jizzi System (1997)
Muscat Wadi Jizzi Muscat +Wadi Jizzi ‘
o IMus 296 2-8 _ |Wedi 29-6 2-8_ IMsW 20-6 [Mew 2.8 |M2-8+¥29-8)
1 1014 964 264 2621 1218 1226 - | . 1228
2] 98t 924 260 2631 1241 18z, 1184
i 952 912 250 2350 1202 1147 1162
| 914 892 242 255] 1156 1147 1134
5 903 841 212 232] 1115 1073 | 1053 '’
6 832 238 173 193] _ 1010 937 or1 1 ‘
1 131 730 161 181 892 91t 891
8 121 763 160 171 887 940 923
751 803 163 176 914 979 966
10 180 819 165 174 945 993 934
11 191 836 171 178 568 1014 1007
12 815 888 183 191 998 - 1079 _ 1071
13 845 964 213 218 1058 1180 1177
14 921 1042 258 251F 1179 1293 1300
15 1018 1080 293 2401 1311 1320 1373
16 986 1024 261 268 1247 1292 1285
T I 1 889 208 210] 1212 1099 1097
18 867 182 165 166] 1033 948 | 948
19 751 201 175 164 926 965 876
20 762 893 197 203 959 1036 1090
21 §25 976 225 234} 1050 1210 1201
22 888 1039 251 263] 1139 1302 1290
23 979 1054 264 _280] 1243 1334 1318
24 1020 1037 268 2631 1288 1300 1305
Diversity Factor; (1080+293)/1320=1.04 !
Coincidence Factor ; 1/104=0962 ”
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The results of examining the possible interconnection between the Wadi Jizzi and
Muscat systems are summarized hereafter.
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Figure 2-2-1  Interconnection line between Wadi Jizzi and Muscat System

{ Financial Evaluation

a. Reduction of Spinning Reserve
- With this interconnection, the Wadi Jizzi system can share its spinning reserve
with the Muscat system and reduce its present spinning reserve {(maximum
capacity: 30 MW) to zero.

Calculating the generation expansion capacity of the interconnected and isolated
cases, the interconnected case proved that from 2001 te 2018, new generation
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capacity ean be reduced by 176MW with the elimination of spinning veserves and
the peak-time diversity of both systems. This will significantly lower investment

costs.

b. Construction Costs of 132 kV Interconnection Line
* Intevconnection line Musanna Grid 8§ ~ Khabura Grid SS)
A00 mm? X 2cct X 70 kM: 5,830,000 RO

*+ Difference in 132 kV bus configurations of the interconnected grid SS
{(Musanna & Khabura Grid SS)
Inecrvement due to interconnection: 1,700,000 RO

Total construction costs of Interconnection: 7,630,000 RO

{See Annex 3-3-i)

c. Operation of the Wadi Jizzi Power Station at Higher Efficiency
The gas turbines of the Wadi Jizzi PS are operated below full power so a spinning
reserve (30 MW) is always secured. As a result, the average operating load factor is
about 53 % (based on the rvecords of 1997). If the Wadi Jizzi system is interconnected
with the Muscat system, the gas turbines can be operated at a higher load factor
corresponding to the elimination of this spinning reserve with a fuel! expense
reduction of about 13.9 %.

Reduction of annual fuel expenses of the Wadi Jizzi PS:
7,988,000 RO (fuel expenses of 1997)*03.139= 1,110,060R0O

Reduction of fuel expenses 2001 to 2018 : 15,537.000 RO
{Conditions: Interconnection at 2001}  {See Annex 2-2-e¢ and Annex 3-3-1)

_Net Present Value of Intercongection 30,822,000 RO

{(See Annex 3-3-1)

@Benefits in Daily System Operation
After the initial interconnection, bul before the full installation of monitoring and

control functions, such as central control and remote communications:

* Under normal conditions, both systems will balance demand and supply, as before,

keeping the interconnection tie flow to a minimum.
+ If a fault occurs in the Wadi Jizzi system, the system can receive relief power.

(®Necessity of a Central Load Dispatching Center _
Interconnection will increase the scale of the systems and their complexity. This, in
turn, will require improvement in supply reliability and imore economical system
operations. In the near future, introducing a central load-dispatching center that
includes, but is not limited to, the following functions, will be necessary.

14



+ Monitoring and control of power flow

+ Frequency control of systems

- Automatic control of system voltage

+ Economical demand and supply adjustment
* Barly recovery from system fanlt

@O0ther Related Issues
Even now, the voltage drops of Saham, Dank, and Ibvi 85 in the Wadi Jizzi system,
and Khabura and Musanna SS in the Muscat system, are serious problems. They
must be solved quickly, and solved independently of the issue of interconnection.
However, this is being examined as a problem of system interconnection. (See Chapter
/j)

(®Conclusion

The ecomomic merits of interconnection are so significant that the system
interconnection should be materialized as soon as possible. For the time being, there
is no emergency relief power because both systems lack enough supply power and
should enly be interconnected after supply power is deemed sufficient. The central
load dispatching functions should be developed and expanded within the range of
these merits. Detailed investigation is required to determine the necessary level of
central load dispatching functions, steps for expanding functions, and required
investments.

2-2-2. Plan for Power Demand and Supply

{1) Present State of Power Demand and Supply
Presently, Oman has no system to examine the state of demand and supply or
operations of the national or primary systems. Thus, there are no plans for demand
and supply.

- Demand and supply adjustments help to control the economics and reliability of the
power output for each power station; no one currently bears these adjustment duties.
MEW owns these facilities and is responsible for their operation and maintenance. If
a problem oecurs, such as a tripped unit, these power stations compensate by
increasing the number of units operated in parallel. This is a very inefficient
operation.

- [n the future, when the system interconnection is implemented, system capacities will
increase further, meaning higher supply reliability and more economical operations
will be required.

(2)Necessity of Economical Demand and Supply Operations
A demand and supply operation program has been developed that is easy to understand
and offers simple, econemical techniques for daily control center operations members
and the planners in MEW. After discussions with control center operators, the program
was revised by considering operational restraints and connecting actual data files. This
program is practical for daily operation planning and evaluation.

The economical demand and supply operations of this program are summarized below.

. The steam turbine units at Ghubrah PS for desalination and the units at Manah PS
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are used prior to other units. The operation of Manah units is determined by contract.
(This item can be clhanged to make the Manah units work with other units in
parallel))

- More efficient base units (Ghubrah PS 12, 13 & Rusail PS 4~§, 1~3) continually
supply full output to meet hourly demands.

- Less efficient peak units (Ghubrah PS 10, 11, t~9) deliver output and keep the
spinning reserve, which is equal to the capacity of the largest unit.

(D Comparison of Actual versus Economical Operation
A typical summer day (1-August-1997) was selected to compare actual operations with '
the economical operations in the Muscat system. (Figure 2-2-2)

Actual Operation
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Figure 2-2-2 Difference of Actual Operation and Economical Operation {1-8-1997)
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Table 2-2-2 Comparison actual operation with economical operation (1-8-1997)

Actual Operation | Economical Operation
Base Units Ghubrah P5(12,13) 90 MW ) 94 MW
Average Output Rusail PS  (1~0G) 62 69 o
{MW) Average 69 75 N
Average Spinning Reserve 201 159
Gas Fuel Cost / Day (1000 OR) 1074 103.6

Compared with the actual operation, the cconomical operation is as follows
- ‘The number of units in parallel can be reduced, saving 42MW of hourly spinning
reserves.
. Kconomical aperation can reduce gas fuel costs by 3.5% with a GMW inerease in the
average outputs of efficient base units instead of peak units.

@ Fuel Cost Saving by Economical Operation and Necessity of a Central Load
Dispatching Center
Estimates of yearly gas fue! costs were made by examining the load-curve through
typical days, such as peak season, off-peak scason and days in between. With the
introduction of an economical load dispatching function, the results are as follows.

During the peak season, there is no room to operate economically. Almost all units
operate at full output in order to meet the high loads and the merit is about 3.5%. In
off peak or middle scason when the load is fairly light or load fluctuation is large,
economical operation results in merits of 6~ 14% because more efficient units can be
selected to work in parallel.

Table 2-2-3 Fue! cost saving in different scasons
Typical Day Merits of Gas Fuel MWh/Day
Cost/Day
Peak Season (June~August) 1-8 3.59% 20,300
Off Peak Season (Nov.~Apr.) 14-1 6.0% 7,500
Middle Season (May, Sep., Oct.} -5 14.2% 14,000

Yearly Merits of Fuel Cost; 20,300/12,330*3/12*3.5% + 7,500/12,330%6/12%6.0%
+ 14,000/12,330%3/12%14.2% = 7.3%

The Muscat system’s yearly gas fuel costs (Ghubrah PS & Rusail PS) arc
approximately 24,250,000 RO in 1997. The merits amount to about 1,800,000 RO.

Economical, computer-based demand and supply coordination functions, which are
part of thé_ proposed central load dispatching center, will offset required investment
costs. Introducing a central load dispatching center is recommended, when the
interconnection between the Muscat and Wadi Jizzi systems is completed, and
system capacity increase further requiring improved supply reliability and more
cconomical operations.
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3.

Financial and Economic Evaluation

3-1. Objectives and Methodology of Financlal and Economic Evaluation

3-1-1. Ob]ectlves' of Financlal and Economic Evaluation

Objectives of F_inan'cial and Economic Evaluation ave, in general, to show criteria of
decision making of whether a certain project should be adopted or not, or which out of
more than one alternatives should be selected, by making numerically clear their
profitability. Though the words of “Financial and Economic Evaluation” ave used in this
report, the words of “Economic Evaluation” seem to be used more often in the same
meaning. “Keconomic Evaluation” in a broad sense is divided in “Financial Evaluation”
and “Economic Evaluation” .

“Financial Evaluation” is going to show a criterion of judging whether they should

invest their money in a certain project or not, from an owner, investor or banker's point

of view. “Economic Evaluation” is, on the other hand, going to show a criterion, in
numerals, of judging whether an investment should be made or not in a certain project
for a public benefit or in a similar nature. In this case, not only the profitability of the
project, but also its significance and consequences to the national economy should be
taken into consideration from the public benefit's point of view. It is commeon that
“Financial Evaluation” is practiced prior to “Economic Evaluation,” and the factors of
the former are modified and developed into those of the latter.

3.1-2. Methodolegy of Financlal and Economic Evaluation
(1)Cash Flow Analysis

In both “Financial Evaluation® and “Economic Evaluation,” method of calculation is
equally bascd on general accounting rules. Methodology of analysis should be provided
with objectiveness, consistency and continuity so that the result of analysis can be
compared among different projects or ones of different time, and accepted among the
persons of even different advantages. "Cash Flow Analysis” is often adopted as a
suitable method of analysis to meet such a requirement.

Input and output will take place in any kind of projects and there must be outflows and
inflows of cash, accordingly. It is what we call "Cash Flow Aralysis” to classify these
cash outflows and inflows on a certain basis, calculate Net Cash Flow and analyze the
results.

(2)Calculation of Net Cash Flow

When revenue is expeeted in a project, it should be listed in an item of Cash I[nflow,
while Cash Qutflow consists of fixed capital, operating capital, operation cost, interest,
tax and so on. Depreciation and Deferred assets in usual income statements should be
excluded from operation cost, because they do not cause Cash Outflow. Then, Net Cash
Flow in every year of project life can be calculated.

The following four methoeds of evaluation analysis‘ can be possible, based on the above
information.

@Net Present Value Method -

@1Internal Rate of Return Method
3Pay Back Period Method '
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@l.cast Cost Method

(3)Present Value : :
Money does not change its face value even after many yea:s as far as it is put in a
safety box. Once it is, however, utilized as one’ part of management resources, it is
possible to get distribution of added value, which has been created as a result of using
such resources. When money is deposited to a bank, some amount of interest ean be
e‘uned as a result of its use in moatmg value, ‘

When the interest rate of bank deposit is 8% per annum, the present Rlyal Omant 100
will get RO 8 as an interest after one year. Namely, the present RO 100 has the same

value as RO 108 after a year. In other words, RO 108 after a year is equal in value to the
present RO 100.

In a country or in a society, an increase vate for a year in the value of money is generally
acknowledged to be the rate "i", then, "i" is called "Social Discount Rate.” And money at

the different time can be compared in terms of present value, by using such equations as
follow:

Price of RO X after n years =X(1+i)n
Present Value of ROY after n years =Yf{l+1iyn

Since cash outflow and inflow wili take place for a long time of more than 10 years or,

sometimes, more than 20 years, the concept of present value is essential in Economic
Evaluation,

{4)Net Present Vaiue (NPV) Method

One of the most popular methods for analysis, used in Leonomic Evaluation is Net
Present Value Method.

NPV = Present Value of Cash Inflow — Present Value of Cash Outflow

In actual caleulation, Net Cash Flow in every year in a project life is counted first, and
then NPV is computed at once. When NPV of a project is positive, the project 1s worth
investing. The larger its NPV, the higher its profitability. However, NPV varies
significantly due to the change of discount rate or project period, the abselute value of
NPV does net have much meaning in itself. When more than one project on the same
premises are compared, the absolute value of NPV can be a good criterion of selection.

When a single project is evaluated, however, once its NPV is turned out to be pcsntwc

then the project can be selected regardless of its qbsolute value,

3-2. Prerequisites and Parameters of Economic Analysis

3-2-1. Prerequisites

{1) Accounting Standard
Accounting Standard is based on "International Accounting Standards,” whlch has been
adopted by MEW as "Commercial Accounting Basis” Titles of accounts in cost
accounting will follow suit with those of MEW as much as possible. However, it is also
acceptable to sum up a few accounts in "Operation & Maintenance," if breakdown is not
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HECOSSary.

MEW's items of cost accounting
Within Power Station  Fuel, Manpower, Spave Parts, Depreciation,
_ Financing Cost, Insurance and Others
Out of Power Station  Depreciation, Financing Cost, Spare Parts,
Maintenance, Insurance, MEW Administration
Kxpenses, Billing Charges and Power Purchascs

MEW Administration Expenses are allocated to each accounting unit af the end of a
year, according to the book value of assets.

Next, a definition of fixed costs and vaviable costs in a cost analysis is as follows:

Fixed costs Manpower, Maintenance, Depreciation, Financing Cost,
Insurance, MEW Adnministration Expenses, and Billing Charges
Variable costs Fuel, Spare Parts, Other consumables, and Power Purchases

(2) Base Year
The base year of eurrent price is to be 1998, that is taken as Year 0. Investment is to be
conducted in Year 0 except a special case, and the amount of investment is put in Assets
at the end of Year 0. Business operation is to start from Year 1.

(3) Project Life _

Project Life is to be 20 years at the longest in this report, though b to 10 years are
appropriate for a usual project life, because the term of depreciation of assets in power
station was 20 years. However, it was revised in 1997 from 20 years to 25 years and the
term of depreciation of asscts out of power station was revised from 30 years {o 40 years.
As a conseguence, the project life will remain to be 20 years, while the residual book
value will be listed in Year 21 and revenue and expenses after Year 21 will be excluded
from accounting.

3-2-2. Parameters

{(1)Construction Cost of Gas Turbine
In this report, the following prices (current price in 1998) will be used as construction
costs of gas turbines:

({CGas Turbine Frame 9-E 94. 1MW RO13,850,000
ZGas Turbine Frame 6-B 30.0 RO 6,660,000

However, when a construction cost of a substitute gas turbine in an economic evaluation
of a new technology is computed, the following price (carrent price in 1998) will be used:

RO 160,000 pexr MW, or RO160 per kW

In the price, an inecremental factor for the planned Barka power station is added onto
the price mentioned at above .

(2)!ﬁtere_st of Project Finance . : : -
1t is considercd that all existing asscts of MEW are raised by loans from the Ministry of
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National Economy under the following conditions:

Interest vate 4% per six months (compoimded annual rate: 8.16%)
Repayment Equal installment per half year from capital and interest

However, repayment is made once at the end of a year, so the actual
rate of interest, 8.162% is applied,
Reference: {(1+0.08/2)2 — 1 =0.0816

Term of loan All asscts 20 years E

{Reference) Interest rate ofloans except M‘\IE
(DProject Finance of Ministry of Commerce and Indust:y MCI)

(IFixed capital for more than RO200,000) 3%
Maximum amoeunt 1.5 times of paid up capital or RO 5,000,000
(2 times in the districts out of Muscat)

Term of loan 15 years (equal repayment of capital once a
year, including 5 year grace period in the
beginning)

@Project Finance of Gmani Bank of Development

{Fixed capital for up to RO200,000) % :

Term of loan 5 ycars (equal repayment of capital once a
year)

@Project Finance of commercial banks 9%
(Fixed capital)
Term of loan 4-10 years (equal repayment of capital quarterly .
a year, including § to 2 },car grace perlod in the .l
: beginning)

@Project Finance of commerciat banks 8-10.75%

{Operating capital) Term of loan 4 years
&Consumer loan of commercial banks, British Bank as of Jun. 24, 1998

Term of loan: Within 1 year 12%

Term of loan: 1 to 5 years 13% ,
®Interest vate of deposit in commercial banks, British Bank as of Jun. 24,

1948

Fixed deposit for 1 month 6.5%

Fixed deposit for 1 year 8.0%

(3} Discount Rate - o
A discount rate, at which the current prices listed in after Year 1 ave converted to the
present value in 1998, is to be 8%. A discount rate is often mixed up with an interest rate.
However, a discount rate is considered to be an increase rate of the value in the long run,
which will be ereated as a result of utilization of money as one of management resources, t
as described before. Therefore, it is a basic, long-term and fixed index, while an mtcrest il

rate fluctuates from tinme to time according to a short-term demand and supply of money
or inflation, though it keeps co-relation with a discount rate.

On the other hand, a discount rate compares with profitability in investment. It is
considered in general that a dlscount rate stays at a lower level than profitability in

mvestment and is ranked at the marginal proﬁt among the order of preferable
investments.
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It is internationally accepted that a discount rate falls in the range of 6% to 12%. Thus,
a discount rate of 8% is considered to be reasonable for Oman, taking the stability of its
economy in the long run into account.

(4) Depreciation _
Rules of Depreciation in this report are as follows, in accordance with MW standards,

which were revised in 1997:

Term Gas turbine 2b years

Transmission and distribution average 40 years
Method Straight hne method
Residual value 0 (Book value: RO1)

(Reference) General standard of depreciation in Oman
Terms of depreciation adopted in the private sector are as follows:

Solid first-class buildings 25 years
Sccond-class buildings 6.6
Bridges, pipelines, railway lines 10

Cars, transportation equipment, heavy equipment 3
Fquipment and implements 6.6
Atrcraft and ships 6.6
Hospital buildings, educational establishments 1

(5) Insurance
Insurance is assured at the following rate with the Ministry of National Economy as
assuror. MNE assures it again with reliable insurance companies in the world. The
current premium rate has been revised in 1997,

Premiuwm rate 0.02% per annum (against book value of assets)

{6) Corporate Tax
Since MEW's projects are national undertakings, corporate tax is not applicable to them.
However, Independent Power Producer (IPP) must pay the corporate tax, described in
the following:
Corporate tax in Oman should have been levied since 1995, However, Omani companies
except 100% foreign companies are exempted from corporate tax for 5 years from the
start of their operation (substantially 10 years with another 5 year extension.)
Tax rates for Omani companies are as follows:

(DOmani capital is equal to or more than 51%

Profit - Tax rate
Up to RO 30,000 0
RO 30,000 - 200,000 5.0%

- Above RO 200,000 ‘ 7.6%
Z0mani capital is less than 51%

Profit Tax rate
Up to RO 30,000 0
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RO 30,000 - 130,000 15%
RO 130,000 - 280,000 20%
Above RO 280,000 25%

(7) Inflation ‘ _
A factor of inflation is not to be taken into consideration. The reasons arve:

(DPrices of Input and Quiput in a praject will change as time passes. However, if the
changes affect both Input and Output almost at the same rate, these affects will
offset with each other and give no impact on the vesult of cconemic evaluation.

@The consumer price indices in Oman had been kept at a very stable level of not more
than 1% from 1992 to 1995, except 1.1% in 1993, according to the official release, The

inflation rate through 1996 to 2000 is targeted to be less than 1% per annum in "The
Fifth Five Year Development Plan.”

{8) Exchange Rate

Exchange rate of Rial Omani (RO) against US Dollar has heen kept at the following fix
rate for a long time.

Rial Omani (RO) 1 = USS 2.58
Uss 1 =RO 0.388

(9} Custom Duties
Custonm duties in Oman are classified in the following 4 categories:

ltems Rate
DAlcoholic 100%
@Pork 100%
3Tobacco T0%
@0thers 5%

However, even in category @, there are 21 items of food and other daily nccessities
and so on, which are exempted from custom duties. In this report, custom duties are
not to be taken into account, because "Comimnodities which Government organizations
dircctly import” are included in such exemption.

3-3. Financial Analysis of Power Supply Business :
The total balance of revenue and expenses of Power Supply Busmess whlch M EW had
achieved in 1997 is shown in'Annex 3-3-a "P:oduchon Cost at Consumer End,” Annex
3-3-b "Unit Cost at Consumer Knd” and Annex 3-3-¢ * Unit Cost at }'Aported fram
Power Station.” (Sources: MFW's Annual Report, 1997)

Analysis will be made in the following_cate'gories according to the Annual Report:

{1}Musecat Total of Ghubrah PS and Rusayl ]

(2)Manah Manah PS -

(3)Wadi Jizzi Wadi Jizzi PS

(1)Rural Total of 27 PSs with dicsel turbme‘; in rural districts

Though the Manah 'S is owned and operated by an IPP (Independent Power
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Producer,) it is included in MEW, as far as statistics are concerned.

3-3-1. Generatlon and Consumptllon of Electricity
Installed capacities of power stations by category are as follows:

Table 3-3-1 Tustalled Capacity
Category Noof PS| Turbine Capacity MW %
Muscat 2 Gas 1,037 57.8%
Manah 1 Gas 84 4.7%
Wadi Jizzi 1 Gas 278 15.5%
Rural 27 Diesel 395 22.0%
Total 31 1,794 100.0%

(D)The total generation of electricity in 1997 was 7,318 GWh. (7.6% increase against

1996)
(2)Electricity exported from power stations was 6,949 GWh, that is 95.0% of total
generation.  ‘The remaining 5.0% was consumption in power stations and

desalination plants.

(3)Total consumption of electricity at consumer's end was 5,623 GWh, which was 76.8%
of total generation or 80.9% of electricity exported from power stations.

(1)The difference hetween exportation and consumption was 18.2% of generation, which
has worsened by 1% from 17.2% in 1996. Its cut down must be one of the most
important targets, which MEW should challenge to achieve.

Table 3-3-2  Electricity Generated

‘Energy - GWh %
Generated 7.317.1 100.0%
Exported 6,948.6 95.0%

Billed 5623.0 | 76.8%
Energy 1
- Biledl————— '?,iz? y
s |
Exported g B Gl
Generated;; - L — "]I?, |
0 2,000 4000 6000 8000

Figure 3-3-1 Electric.ity Generated
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3-3-2. Production Cost
(1)YThe unit cost of elecivicily at consumer's end was 26.2 B2/kWh, which has improved
by 6.14% against 28.0 B2/k\Wh in 1996,
(2)The average unit taviff, which consumers paid, was 15 1 Bo/kWh (57.5% of the
total unit cost) and it could not reach even 18.8 Bz/kWh, which was the cost of
electricity exported from power stations.

- Table 3-3-3 [’mductlon Cost . - ”s
Production Cost {Million RO| b2 /KW %
Fuel . $6.98 11.56 43.9%
Others within PS 42.51 1.3 27.8% |
T/D Cost 30.39 5.2 19.9%
‘MEW 8.59 1.5 5.8%
Administration
Billing Charges 3.88 0.7 2.5%
Tatal 152.G65 26.2 100.0%

Million RC

o —

OFuel
M Others within !

Ps i .
OT1/D Cost !

it

OMEW ;?f
Administration ©
I Billing Charges

Figure 3-3-2 Procluction Cost

(3)Production cost by category is shown in Table 3-3-4. It is clear that the generation
cost of rural power stations is as three times high as that of Muscat system. The
main reason is the fuel cost, as shown in the following tables and figures.

Therefore, the conversion of rural power stations from diesel to gas turbine should be
] : g
pursued as one of the most urgent tasks.

Tahle 3-3-4  Production Cost : : ' ;
: T : Bz/xWh '
Category Muscat {Wadi Jizzi]{ Manah | Rural Total
Generation Cost 12.916 15.362 27.2501 38.639 18.798
Cost outside PS 4.607 19.004]  17.940 9.796 - 7.410
Production Cost 17.523 24.966 45.190] 48.435 26.208
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Figure 3-3-3 Productien Cost by Category

Table 3-3-5 Fuel Cost

BztkWh

Category

Muscat

Wadi Jizzi

Manah

Rural

Total

Fuel Cost

8.155

$.456

8.242

27.411

11.499

Barza/KWh

Fuel Cost

wrl B

25
20
15|

5

Figure 3-3-4 Fuel Cost by Category

0 ‘I:‘Jluscat Wadi

IO ./-:.’ -

Jizzi

|DFuel Gost |
!

{(1)Government subsidy was 11.144 Bz/kWh (42.5% of production cost) , the total
" amount of which came up to RO 61.9 million in 1997, though it was reduced by RO 5
million from RO 68.9 millicn in 1998, In other words, the Power Supply Business is still
suffering from this huge amount of deficit.

Locking in more details by c'ategory, 50% of the government subsidy was disbursed to
caver up the deficit which was derived from the high cost of generation by small-scale
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diese! turbines in rural aveas.

Table 3-3-G rovernment Subsidy RO1000
;V Category Muscat | Wadi Jizzi | Manah | Rural | Total
Govt. Subsidy 6,200] 9,973| 16,160] 32,577 64,910

Billed 54,955 11,1327  8,125] 13,534 87,746

Government Subsidy

o ;
|OBilled
|IMuscat
| OWadi Jizzi

3

l
87.75 iDManah |
i

|

|

| # Rural ,
Figure 3-3-5 Government subsidy by Category

3-3-3. Analysis on Reduction of Government Subsidy
The government subsidy in 1997 was reduced by RO 5 million from RO 69.9 million in
1996. Figure 3-3-6 shows the causes of the above reduction. According to the figure, the
reduction by the cost down amounts to RO 10.05 milion (“A” in the figure), which was
derived from the unit cost reduction from 28.046 Bz2/kWh in 1996 to 26.208 Bz/k\Vh in
1997. However, the cost reduction itself was brought about by the reduction in capacity

cost as a result of the change of depreciation standards, not by the effort of cost
reduction in a real scnse.

On the other hand, RO 3.96 millicn of the total reduction (“B” in the figure) was offset
hy the inercase of electricity consumption by 355GWh from 5,470GWh in 1996 to
5,825GWh in 1997. Furthermore, RO 1.08 million of the total reduction (“C” in the
figure) was offset by the decrease of the revenue by 0.198 Bz/k\Wh from 15.262 B2/kWh
in 1996 to £5.064 Bz/kWh in 1997, and eventually the effect of cost reduction was
curtailed to RO 5.01 million.

It is very difficult to diminish the government subsidy only by means of cost reduction,
because the deficit increascs as the consumption of electyicity grows. In order to

climinate the government subsidy, thercfore, some drastic measures of increasing
revenue will be necessary.
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Cause Analysis of Reduction in Government Subsidy

G\Wh < 26.208bz in 1997 »
5,825 4——— 15.064bz > €4 1. 1ddbz
A ST
355GWh o B S \l
4 —————28046b2 _in 1096 >
ST
GWh Revenue Subsidy
5,470
1997  87.8 million RO 1997 64.9 million RO
1996  83.5 million RO 1996‘ 69.9 million RO
Production Cost
1997  152.7 million RO |
1996 153.4 million RO
v Y ‘
44— 15.262bz < 12.784bz
0.198bz 1.838bz

A: Plus Effect by Cost Down (28.046 - 26.208) bz x 5,470GWh = 10.05 million RO
B: Minus Effect by lricrease 11.144bz x {5,825 - 5,470) GWh = 3.96 million RO
in Production ‘ ‘
C: Minus Effect by Decrease (15.262 - 15.064) bz x 5,470GWh = 1.08 million RO
in Revenue : .
Total 10.05 - 3.96 - 1.08 = 5.01 million RO

Figure 3-3-6 Structure of Government Subsidy
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3-3-4. Proposals for Financlal Soundness

The power supply business has a large amount of deficits every year, and the loss has
been offset by government subsidy so far, However, such a situation is not sound. It is,
therefore, an urgent task to impreve the profitability of the business and balance its
revenues and expenditures. MEW has revealed the policy of accelerating the
privatization of the electricity business. In order ta go ahead with the privatization, it is
definitely necessary to improve profitability. In this regard, we would like to propose the
following measures:

{1) Conversion from Diesel Oil to Natural Gas ‘
The higher costs of diesel generation in rural arveas rvesult in a huge ammount of losses. Tt
is needless to say that replacing old diesel generators with new efficient generators, gas
turbine generators for example, is extremely important. With this understanding, MEW
has been tackling this problem and planning the construction of gas turbinc power
stations in the Dhofar and Sharquiya regions with the initiative of the private sector.

(2) Improvement of Load Factor

The heavy electricity demand for air condltlonmg has caused a ﬁmdamental problem of
low load factor in Oman, ‘The gap between the summer season and the winter season is
very large. Because of this problem, the power plants only operate at only 50% of their
capacity. It is very difficult to deal with this discrepancy in demand. However, the best
cffort must be made to improve efficiency of operation by reducing the peak demand and
increasing the base load during low load operation. The methodology of DSM is useful to
reduce peak demand.

{3) improvement of Thermal Efficiency
The thermal efficiency of power plants is not good because the present operation method
is not systematized. It is possible to improve the thermal efficiency through an integral

planning and operation of turbines. For that purpose, we would like to propose the
following measures:

D Interconnection between the Muscat system and the Wadi Jizzi system
(@ Construction of a contral toad dispatching center and operation of turbines
with an economical load distribution program

In addition, operation and maintenance of all the main power statlons in the northern
grid have been consigned to private companies by contract for 3 to 4 years. Accordmg to
the contracts, fucl, spare parts, electricity and water for home use are supphed by MEW.
The biggest concern of operators is how to avoid accidents and power failures, and how
to keep the stable operation of the power station. They usually do not pay much
attention to improvement of thermal efficiency. Therefore, we would like to propose that
MISW plan some incentive schemes for paying back a certain portion of reduced costs to
operators, so that they will make efforts in reducing fuel costs,

(4)Reduction of Losses
According to the Annual Report 1997, the net system loss excluding plant in- -house use
and desalination, amounts to 16.9% (1,234 GWh). That is an increased of 0.8% (l 41
GWh) from 16.1% (1,093 GWh) in 1996. The loss rates (loqs at transmission and
distribution) in advanced countries ave less than 8% (1995). In Japan, the Unite States
and Germany the losses are around 5%. Since the reduction of loss leads directly to an
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increase of revenue, more and more emphasis should be put on this point. Regarding
loss management, MEW has already launched measures for improvement, and as the
fivst step, it is going to measure the amount of losses by replacing meters at power
stations.

In addition, according to the recent operation records at power stations, there ave
significant differences of between 2-10% in the volume of natuval gas purchased from
PDO. Fuel consumption is the largest portion, 44%, in the production cost. Keeping
accurate records is extremely important in cost management. It is necessary to ealibrate
meters as soon as possible and also at regular intervals.

(5)Reduction and Deferral of New Investment
According to the Annual Report 1997, the depreciation and financing costs of fixed
capital came to 36.2% of the total production costs. We would like to propose the
following two measures in order to reduce new investments, which will eventually
contribute to lower fixed costs.

(Dinterconnection between the Muscat system and the Wadi Jizzi system
@Increasing the outputs of existing gas turbines by water injection
@Promotion of DSM

(6)Restructuring of Tariff System
As already mentioned, it will take a long time to eliminate the deficits through cost
reduction alene. It seems inevitable to also pursue restructuring of the tanff system to
increase revenue. This matter is discussed in Chapter 6.

3-3-5. Integral investment Plan and Economic Analysis

(1) Integral investment plan :
An integral investment plan for the proposed measures from 1899 to 2010, which are
considered to contribute to the improvement of profitability, is shown in Annex 3-3-d.
The plan only addresses the Northern Oman Electricity Grid, which includes the
Muscat system and the Wadi Jizzi system including the Barka power station that is to
be constructed in the future. The Manah system is excluded, because it is operated by
an independent power producer. The recommended projects during the 10 year master
plan peried, from 1999 to 2010, and their investment costs are listed in Table 3-3-7. The
details of each projeet is discussed in other chapters.
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Table 3-3.7 Integral Investment Program {1999 to 2010)

. o Investment -

LI .

E?__ | Projeet _ B RO 1,000
Interconnection between the Muscat and ‘

I I 7,530
! Wadi Jivzzi system .

2 | Water injection system to gas turhines 7,330

3 (‘enlml load (llS])'lfChlng center 4,000

4 | Battery energy ston age sy stem (Bhb‘i) (2,50{])

5 chlﬂcoment ofold mctms l,OOD

l’roposcd project total (BESS not included) 19,860

lli\’esltlxezlt to new gas turbines 25.1,280

This investment plan does not include the investment to transmission and distribution
facilities, as well as the investment for maintenance under the ordinary yearly budget,
which is out of this study's scope. As a result, the total amount of investment from 1999
to 2010 came to about 270 million RO at 1998 price.

(2) Income Statement

With this project list, impacts on the profitability were estimated under different
preconditions. The results are shown in the form of preliminary income statement of
the Northern Oman Electricity Grid which covers the Muscat and Wadi Jizzi systems.
{Sec Annex 3-3-¢ and Annex 3-3-)

The Case 1 was estimated under the precondition that all the proposed measures in
this report will be carried out. It is called * Income Statement with Project. T he Case
2 was estimated under the precondition that none of the proposals will be carried ‘out
and called * Income Statement without Project.” The preconditions ‘of accounting arc
described as notes at the last lines of cach table. In'an accounting income statement,
the factors of depreciation, financing cost and insurance, which are called Ca]]'i(:lty
Cost,” are naturally included. A summary is shown in Table 3 3-8.

Table 3-3-8 Comparison of Net Income

Unit : RO1,000

Year Year 1 Year 2 Year 3 Year 4 Year 5 | Year6
1999 2000 2001 2002 | 2003 | 2004
[Case_1: With Project -7,277 -8.479] 1,749 -1,619]  -3,627] -1,899
Case 2: Without Projeet 12,453 -13,118] -10,391]  -9.588 -12,728] 12,940
Difference (Without - With) 5,17G 4,610 8,642 8,069]° 9,101 10,811
Accumulation of the above 5,176 9,816 18,158 26,527! 35,628 46,469
Year Year 7 Year 8 | Yeard | Year 10 { Year 11 | Year 12
2005 2006 | " 2007 | 2008 2009 2010
Case {: With Project -h421 -535 925 2,817 3,083 3,7%
Case 2: Without Projeet 13,131 -10,9821  -10.420 -9 398 -8,581 .8,897
Difference {(Without - With) 11,710 10,447 11,345 12,215 11,664 12,598
Accumulation of the above ) 58,170 683,626 79,871 52,186 103,850] 116,448
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(DCase 1: Reduction of Loss by 1%

As a result of the above estimation, it is found that the deficit of the power supply
business will be getting smaller year by year, but can not be eliminated till 2007,
though it is in the case of "With Project.” However, compared with the estimation in
the case of "Without Projeél,“ it is very clear that "With Project” will bring about
significant improvement in the bottom line. The aceumulated amount of this
improvement through 1999 to 2010 will reach RO 118 million at the current price in
1998. Furthermore, it is possible to make various kinds of sensitivily analysis from
Annex 3-3-¢. The following are two cases of sensitivily analysis as an example.

Electricity at consumer's end in the Northern Oman Electricity Grid was 80% of the
tota! generation in 1997. An income statement is shown in Annex 3-3-g, assuming
that the loss is improved by 1%. As consumption of electricity does not change,
generation of electricity can be reduced as much as the toss of electricity has been cut.
The reduction in generation is expected to reach 100GWh / Year on average for 13
years from 1998 to 2010, and the eventual reduction in fuel cost and others will be
estimated to be roughly RO 720,000 per year.

@Case 2;: Revenue Increase by 5%

Another income statement is shown in Annex 3-3-h, which is based on the assumption
that the revenue in the Northern Oman Electricity Grid increases by 5% on top of the
inerease by taviff restructuring. It is estimated that the revenue will increase by RO
5.0 million / Year on average for 13 years from 1998 to 2010 and the net income turns
to be positive from 2001.

(3)Economic Evaluation

There seem to be two issues regarding the difference between the financial analysis and
economic analysis. One is the transferred electricity price to desalination, mining and
other public institutions such as the Royal Oman Police, to which electricity has not
been charged. The other item is the difference between the marginal cost and the actual
transaction price of natural gas. According to the Annual Report 1997, the total amount
of the transferred price reached RO 4.4 million. This amount should have been added to
the revenue of power supply business, which will change the picture of financial
situation of the electricity supply.

In addition to the adjustment mentioned above, the cost of natural gas was examined in
the following 2 cases:

(DCase 1: Price of natural gas is $ 1.5 / 1000 CFT
The net cash flow in Case 1 was computed as the price of natural gas at 3 1.5/ 1000
CFT, which has been the actual purchase price from PDO since 1995, The total
investment is shown in the following table in the next page:

The total net income amounts to RO 521 million (RO 319 million at NI’V} in 1998

against the total investment. Net cash flow in a year became negative when

investment amount was big enough. However, the NPV of the total net cash flow came
- to RO 170 million, because the residual book value of investment was alse big .
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Table 3-3.8  Total Amount of Invesiment  Unit: RO 1,000

Investment at .
o l'ac_l-hty 1998 current price NPVin 1998
Power Station ‘ 262,610
Transmission and Distvibulion 115,451
chers , .8,320 ]
| Total 379,064 149,383

After all, il is concluded that the power supply business is worth investing from the
national economic point of view. ‘

@Case 2: Price of natura] gas is $ 0 75 / 1000 CFT ‘
In Case 2, the cost of natural gas is assumed as $0.75 / 1000 CFT as thc estimated
marginal cost of natural gas. The difference between the actual price and the
marginal cost can be regarded as a transfer price from the national economic peoint of
view. The result was that the NPV of the total net cash flow in 1998 came to RO 385
million and the value of investment in the power supply business became far higher.

{(4)Cash Flow Analysls of Projects

Regarding the projects studied in this report, the same style of cash flow analysis of

cach proposal is shown in Annex 3-3-i to Annex 3-3-v Detaited exp]anatmn is given in
each section,

3-4. Projeci Finance

{1) Source of financing _
There are various kinds of investment projects which are planned for the next ten
years. Although private participation is encouraged, MEW still has to undertake many
development projects, w hich require a huge amount of initial investment. One of the
biggest issues in securing a stable supply of clectricity in the future is project financing.
There might be no other way for MEW than to raise funds by means of loans from
overseas, because sufficient domestic eapital has not been accumulated yet.

There are many organizations that arc capable of provxdmg project ﬁnaucmg For
cxample, the International Finance Corporation of the World Bank and the Overseas
liconomic Cooperation Fund of Japan specialize in providing low interest loans to
developing countries. We would like here, however, to introduce the pmject ﬁnance
scheme of the Export-Import Bank of Japan (EXIM Japan).

(2)EXIM Japan's Finance : :
EXIM Japan is a governmental imancnal mshtutmn of Japan and provides the

following kinds of finance to corporations in the private sector as well as 1o
goverumental institutions in foreign countries:

(DFinance to private corporations
a. Buyer's Credits
b. Import Loans
¢. Overseas Investiment Loans
d. Project Finance
¢. Loan Guarantee
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@Finance to governmental institutions in foreign countries
a. Un-ticd Loans
b. Guarantees for un-tied loans
¢. Bquity Participation

Among the financing plans above, the following two are the most appropriate for the
country to apply for.

a. Loans to forcign corporations in the private sector

b. Un-tied loans to foreign governments

Recently, foreign governments tend in general to avoid giving their guarantees for loans
from overseas in the private sector in order not to increase the balance of debt in the
public sector. The similar direction has been adopted cven in Oman, according to
Development Council Resolution No. 71 in 1994.

As stated abave, EXIM Japan is ready to provide loans to foreign corporations in the
private scctor for infrastructure projects like power supply, communication,
transportation, water supply and so on. However, this kind of financing is provided only
when Japanese exporters or investors are involved in a project. Loans to foreign
governments, however, are uu-tied — they ave not limited to the projects in which

Japanesec corporations participate. Therefore, it can be regarded as the hest option for
Oman.

(3)Terms and conditions of loan
Terms and conditions of loans are based on “"The Arrangement on Guidelines for
Officially Supported Export Credits," which was established among OECD member
nations. Therefore, they do not vary by type of loan. The main points are:

(DInterest rate 2.1% Fixed rate
20Object of finance Total amount of investment
Excluding down payinent of not less than 15%
(BEXIM Japan’s loan amount 60-70% of total
®Repayment term About 10 years

Extension to 12 years in case of turbines

{4) Access to EXIM Japan
In case of requesting a loan, an official letter should be sent to :

The Export-Import Bank of Japan

ILoan Department |l

1-1, Ohtemachi 1- chome, Chiyoda-ku, Tokyo 100-8144, Japan
Tel: +81- 3-3287-9250

It is also possible to ask the Embassy of Japan te help to make necessary arrangements.

(5) Previous EXIM Loans to Oman :
It should be mentioned for refevence that a provisional loan agrecement for the

construction of the bm_-t of Schar was signed in June 1998 between the Government of
the Sultanate of Oman and the Export-Import Bank of Japan.
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Chapter 4

Measures on Supply Side






4. Measures on Supply Side

4-1. System Stabilization Technology and Load Dispatching Operation

Bleetricity is an infrastructure of life and industry. Electricity must be supplied in a stable
way at a constant voltage and a constant frequency without service interruption, and at
ingxpensive rates. This task will gain in importance more and more with the further
development of the society. To achieve such a supply of clectricity, it is essential to promote
systematic development of plants and equipment according to reliable estimate of future
demands, and to operate these plants and equipment efficiently. The following report covers
the present stale of the eleciric power systems in Oman, available technical measures for
system stabilization, and a load dispatehing instruction system for implementing efficient
load dispatching operation.

4.1-1. Present State of Power System Operation and Problems

(1) System Conflguration
In Oman, there are some independent power systems. As shown in Figure 4-1-1, each of
these power systems comprised of, transmission systems of 132 kV and 33 kV, and
distribution systems of 1t XV and 415 V.

132kY v v 410V

© 3 S — 1 s E—

Generalion *‘i‘“ ..—- Trapsmission - ~——- e . . . Distribwtien

Figure 4-1-1 System Cenfiguration

The configurations of the 132 kV systems of the primary power systems, the Muscat
system and the Wadi Jizzi system, are as follows(Sce Figure 4-1-2 and Figure 4-1-4):

Features of the Muscat power system

The power generating facilities is comprised of three power stations, Ghubrah power
station (537 M), Rusail power station (500 MW), Manah power station (84 MW), for a
total output power of 1121 MW. The 132 kV transmission line of the trunk system is
comprised of two circuits of 400 mm?®X2. In particular, Ghubrah PS, Rusail PS5, Wadi
Adai SS and Madinat Qaboos SS constitute powerful loop systems. The power system of
Manah PS was interconnected with the Muscat system at Rusail PS in October, 1996.
Other systems are load feeders. They comprisc twe circuits of conductors of 400 mm?X 2,
400 mm?X 1 or 240 mm?X 1 depending on the demand scale and local chavacteristics.

As for transformers, major substations have 125 MVA X 2 transformers, and other
substations have 63 MVA X2 transformers or 40 MVA X2 transformers. Thus all

 suhstalions have double banks. As for 132 kV bus of substations, the bus is omitted for
load feeding substations; transmission lines and transformers are directly connected to
imprové the efficiency of equipment. (Figure 4-1-2)
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l‘caLurespf the Wadi Jizzi power system._ E
The capacity of the Wadi Jizzi system is about a qnmtel of that of the Musmt system.
lhc power genemtmg facility is Wadi Jizzi PS (278 MW) alone.

As for 132 kV transmission lines, the trunk system Wadl Jl?n 1’5 ~ Sohar S8,
comprised of two circuits of 400 mmlxz This is to prepare for interconnection thh
Muscat system in the future. Other systems are Toad feeders. Most of them comprisé one
circuit of thin conductors, 225 mm?X 1§, 176 mm?X2 or 175 mm*X 1 depending on the
demand scale and local chavactevistics. As for transformers, Sohar SS has 125 MVAX2
transformers. Other substations have 60 MVAX 2 transformers, 63 MVA X 1 transformer,
or 30 MVAX 1 transformer. As for 132 kV bus of substations, the bus 13 omitted for load
feeding substations; transmission lines and transformers arve divectly connected to
improve the efficiency of equipment. (Figure 4.1-14)

{2) Approach to Expansion of Facilities
The expansion plan of transmission and transformation facilities is based on the N— 1
criteria. The standards ave applied to all transmission and transformation facilitics. The
facilities are expanded in such a way that a single circoit fault on a transmission line or
a fault on a transformer will not result in a voltage drop below 90 % of the reference
voltage or overload of the remaining facilities. The standard installation of transformers
for a 33/11 kV substation is 10 MVAX2 transformers or 20 MVAX 2 transformers.

{3) Approach to Supply Re!iabmty :
As for voltage fluctuation, during normal operation, the 132 kV system has a target of
withinkt 5 %, the 33 kV system® 5 %, the 11 kV systemt 5 %, and the 415 V system
+ 6 %, respectively. In ease of fault, the target is withint 10 %.

Regarding frequency, the target is within 503 0.02 Hz. ‘The UF relay system is provided
to maintain the frequency. This system uses frequency relays to effect load shedding
when the frequency drops excessively due to, for example, generator drop-out. Load
control of the first stage is intiated when the frequency drops to 49.3 Hz. The control is
initiated in ten stages; ane stage corresponds to a drop by 0.1 H=.

As for electric outage time, there is no special target. During the heavy load secason of
summer, peak cutting or load shedding is practiced. When an electric ontage lasts for a
long time, switchover of affected loads is made.

There are no special restraints on operation of the transmission:and transformation
facilities. As they are constructed according to the N—1 criteria, the failure of a single
circuit of the transmission line, or a failure of a transformer does not hinder the supply
of electricity.

(4) Actual Records of Power System Faults - :
Actual records of faults oni the Muscat system were e examined for a period betwecn 1094

and 1997 (up to the survey in November). It was found that there were about 11 faults on
the 132 kV system every year. They are classificd by cause as follows:

Facilities (facilitics, cables) ............ e ST .2 faults ( 18 %)
Operation (control, manuat dnsconnectmn, overload, etc) ..... 2 fa_ults( 18 %)
Natural disasters (rain, tree) ..o, e 0 fault
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People (accident of vehicle, person) ..o, 0 fanlt

UK ELOW N CARISES 1 navnemicesceimiirc i iaaiaieecacnnsn s s s ensanenranrenenistastsesanns 4 faults (37 %)

Momentary fAult o e 3 fuults (27 %)
(For details, sec Annex 4-1-a)

There were about 117 faults on the 33 kV system cvery year. They are classified as
follows:

IFacilities (facilities, cables) oo 35 faults { 30 %)
Operation {control, manual disconnection, overload, ete.) ... 26 fanlts ( 22 %)
Natural disasters (£ain, tree) ..ooovciiiovrii e 7 faults (6 %)
People (accident of vehicle, person) ..o faults (O 4 %)
UDKDOWE CAUSES 1ovevviniieninninin et s s 6 faunlts ( 5 %)
Momentary fault (..o, 38 faults { 33 %)

(For details, see Annex 4-1-b)

These findings show that there are very many fauits caused by facilitics or by operation.
This means that faults can be reduced by improving the operation and maintenance of
the facilities, the facitities themselves, or system operation.

In the future, electricity will gain more in importance with the development of the
society. It, therefore, is necessary to strive to reduce the number of service interruptions.
To this end, it is necessary to analyze the causes of faults in more detail, and when
appropriate, to take countermeasures, such as improvement of methods of operating and
maintaining facilities, improvement of the facilities, and enforcement of the system
operation system. In contrast, it should be noted that, in Jdapan, there are almost no
faults caused by facilities. Faults are mainly caused by natural disasters such as typhoon,
thunder, snowfall, birds and animals. And most of them ave recovered momentarily.

4-1-2. Examinaiion of Supply Stabitizétion Measures
{1} Examination of System Stability through Simulation Analysis

On the basis of data obtained from the control center, simulation models of 132 kV
Mus_cat _system and Wadi Jizzi system were developed. The validity of these model was
checked by collating them with data at the control center. Then simulation analyses of
the current systems were made to examine problems of the systems and
countermeasures. A simulation analysis of the serious voltage fluctuation problem of the
33 kV system of Musanna SS was also made to examine the problem and
countermeasures.

(DResults of voltage flow analysis and countermeasures
a. Muscat system
The 132 kV Muscat system (Figure 4-1-2) was simulated, and data on power
~ generation and loads supplicd by the control center were inputted to make
calculation. Results shown in Figure 4-1-3 were obtained. {See Annex 4-1-¢)
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This diagram shows that as the power factor of the load is bad, the voltage of the
entire 132 kV system is dropping. In particular, the voltage at Musanna SS is fairly
lower than the target voltage (1.05 ~.0.95 p.u.), and with the present facilities, the
target voltage can not be maintained. (The curve “Peak” of Figure 4-1- 3)

One countermeasure against this is to improve the power factor of the loads of the
33 kV system. A method of installing a shunt capacitor (SC) on the 33 kV system to
improve the power factor of the 33 kV system load to ‘about 0.95 was exaiined.
With the installation of many SCs (total capacily 255MVA, Musanna SS 10MVA,
Barka S8 10MVA, Wadi Adai SS 50MVA, Madinat Qaboos SS 40MVA, ete.; See
Annex 4-1-c), the power factor of the 33 kV system load was improved from 0.87 to
0.95, and alf the system voltages including that at Musanna SS were 1mpr0ved and
present in the target voliage ranges. (The curve "Peak (SL m) of hguw 4-1-3)

With the installation of the SC, the peak voltage can be maintain‘ed.‘ However, there
is a possibility that the voltage may rise excessively in off-peak period. This
possibility was examined. It was confirmed that the voltage rise was within the
target voltage range. There will be no problem of overrise of voltage in off-peak
period even if the SCis not opened. (The curve “Off Peak (SCin)” of Figure 4-1-3)
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Figure 4-1-3  132kV Bus Voltage (Museat System)

Next, the voltage problem of Rusail-Barka-Musanna line, where voltage fluctuation
is posing a serious problem, was considered, including the 33 kV system.

As for the 132 kV system, to verify its voltage stability, the P-V curve that shows
the relationship between received power and receiving voltage of Musanna 53 was
obtained. It was found that the limit of voltage stability had not been reached, and
Musanna S8 could secure the received power by installing an SC. (See Annex 4-1-d)

As for the 33 kV system of Musanna S5, voltage countermeasures were examined.
The system was found to have some points of excessive voltage drop and points
reaching the transmission limit. ( See Annex 4-1-c and 4-1-f) As described above,
as countermeasures for Musanna SS system for the time being, it is necessary to
take countermeasures listed in Table 4-1-1 and Table 4-1-2. In future, it will be
necessary to take countermeasures such as establishment of the Barka PS, and
improvement of the power factor of the transmission system to 0.95 or over.

Table 4-1-1 Problems and Measwres of the 132kV System

Name Problems Measures
Barka SS 33kV Bus Low Voltage Install 10MVA SC
Musanna S8 33kV Bus Low Voltage Install 10MVA SC




Table 4-1.2  Problems and Measures of the 33kV System(Musanna SS)

Name Problems — Measures

Khaborah fdr-2 Limit of Introduction of 132kV
transmission trans:missiqn line

Rustaq-2 8S 11kV Bus Low voltage | Install 5MVA SC
Sana Bani Gafir S5 11kV | Low voltage | Install SMVA SC
Bus ' ‘
Suweiq-2 SS 11kV Bus Low voltage | Install 5MVA SC
Marble Factory 11kV Bus Low voltage | Install 3MVA SC
Wadi Jawahir SS 11kV Bus | Low voltage | Install 3MVA SC

b. Wadi Jizzi system
The 132 kV Wadi Jizzi system (Figure 1-1-4) was simulated, and data on power
generation and loads supplied by the control center were inputied to make
calculation. Results shown in Figure 4-1-5 were obtained. (Sec Annex 4-1-g)
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Figure 4-1.4  132kV Wadi Jizzi System

Fhe diagram shows that, like the Muscat system, as the power factor of the load is
had, the voltage of the entire 132 kV system is dropping. In partieular, the voltages
at Dank 38, Ibri S5 and Al Hail SS are much lower than the targets. With the
present facilities, the target voltage can not be maintained. (The curve “Present”
of Figure 1-1-5) ‘ ‘

One countermeasure against this is to improve the power factor of the loads of the
33 kV system by installing an SC on the 33 kV system. Another method is to add
one circuit of transmission line between Al Wasit SS and Dank SS.
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First, the mcthod of improving the power factor by installing many SCs (total
capacity 83MVA, Dank SS 3MVA, Al Hail S8 5MVA, Sohar 8§ 40MVA, ete. ; Sece
Annex 4-1-g) on the 33 kV system was examined. It was found that, even when the
power factor of the 33 kV system load is improved from 0.83, the present value, to
0.95 by the installation of SCs, the voltages at Dank SS, tbri 8S and Al Hail S5 can

not be raised to within the target voltage ranges. (The curve “case 17 of Figure 4-
1.5) '

Aline between Al Wasit SS and Dank SS can not keep the voltages at Dank 88, Thri
SS and Al Hail 8S within the target ranges. It was also found that the other method
or addition of one circuit of {ransmission. (The curve “case 2" of Figure 4-1-5)

It, therefore, is necessary to consider both the addition of one circuit of
transmission line between Al Wasit SS and Dank 8S and the power factor
improvement with installation of SCs as the voltage countermeasures for Dank SS.

A completely different countermeasure is to newly install a 132 kV transmission
line from Manah PS system and switch the loads of Ibri SS that suffer heavy
voltage drops to Manah PS system, As the projeet is in progress in this direction,
the resulting voltages of this case were examined. As a result, the voltages of Dank
SS and Al Hail SS were found te almost go back to the target values. (The curve

“case 3" of Figure . 4-1-5) However, in view of the increase in demand in future,
the voltages at Dank SS and Al Hail SS are tight. It secems necessary to install, for
the time being, SCs of about 5 MVA each.

Vip.u.)

Figure 4-1-5 132kV Bus Voltage (Wadi Jizzi System)

c. Power Factor Improvement and its Effects

At present, the load power factor of Fichtner’s master plan is planned at 0.85. To
maintain the voltage level, Fichtner is planning to install 8C’s in the 11kV system.
However, in the present system, the capacity of 8C’s is short and the voltage isin a
very severe state. For this reason, we will install additional SC’s in both 11kV and
33kV systems and plan to recover the voltage. In the future, we intend to install
more SC's and improve the load power factor into 0.95 and over.
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The effects of the power factor improvement ave as follows

* Deerease in the voltage dropping
* Increase in the facility reserve
* Decrease in the transmission loss and the tnausfo: malmn lo«s

These effects will bring much stability and efﬁcicncy to the elcctric power system.
They will also improve the efficient operation of the electric power equipment.

d. Voltage characteristic of air conditioners for houschold

It has been reported regarding voltage chatacteustms of household air conditions of
the conventional type and of the inverter type as follows

* When the voltage drops, the conventional type air conditioners consume much
reactive power, they will accelerate voltage instabilities.

* When the voltage drops, the inverter type air conditioners have a characteristic
that reduces the reactive power, and behave more desirably than the
conventional type conditioners in the aspeet of voltage stability.

Hence from the viewpoint of voltage stability, the inverter type air conditioners are
preferable. The voltage characteristic curves are shown in Annex 4.1- h .

e. Measures at Planning or Operation
* Measures at Planning
As the system voltage is always ch'mged by the load condition, we must check
the voltage every year based on the demand for the next few years. We plan to

install phase modifying cquipment to maintain the voltage within the target
voltage.

* Measures at Operalion .
Power stations and substations are operated by the target voltage which is
decided in every hour and every season. The power system is operated at the

higher voltage within the target voltage. 'This will increase system stability and
decrease system loss.,

(@Examination of Ibri-Manah interconnection

(1) 1999~2001 year

* The voltage of Ibri 58 is improved by the interconnection of Ibri and Manah
When a large generator drop out in Muscat system, transmission lines of Al
Waist 8S~Dank SS and Dank SS~1Ibri 8S get overloaded.

* Trausiission line of Al Waist SS~Dank SS~is single. Therefore, if a single line
fault occcurs, the system will be separated two systems. In the separated system,
it is necessary to control the frequency and the voltage individually and, in some
circumstances, there is a possrblhty of shutting down the load by Under
Frequency relay system.

On the basis of these findings, as the Ibri-Manah interconncetion for the volt'\ge
improvement has little merit, we suggest that the interconnection line is opened at the
Tori 85 and the power is supplied from the Muscat system.
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(2) After 2001 year (After the Musanna-Khabura interconnection)
+  After the route fault, for example shutting off Wadi Jizzx PS~8ohar S8 line, as
the power flow of Al Waist SS~Dank 88~1Ibri 8S line is about 240~270MW,
this line will be burned off. (Sce Figure 4.1.6)
+  System operation at fault is very difficult.
- ‘There is no effect of loss reduction.
On the basis of these findings, as there is no merit of the 132kV laop system operation,
we suggest that the interconuection line is opened at the Ibri 8S and the power is
supplied from the Muscat system.

Wadi Jizzi System Muscat System

Ioitiad Pew e Flow ~* Power Elew 30 Rovre Faul {5W)
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Fig.4-1-6 Power Flow of 132kV Loop System {2001 ycar)

@ Examination of Muscat -Wadi Jizzi interconnection
A case of operating Muscat system and Wadi Jizzi system independently of each other
up to the year 2000 inclusive and interconnecting both systems in 2001 was examined
in terms of system voltage and system stability.

a. System voltage
Section examined ; 2001 Year
(The demand and supply balance is shown in Annex 4-1-1)
Results of examination :
The voltage and power flow of the interconnection line ave shown in Figure 4-1-
7 and Annex 4-1-3)
The diagram shows as follows:

+ When the voltage is maintained in each system, the interconnection willt not
generate any voltage problem.

+ When the Barka power station is newly established and connected in paralilel
with the system at Barka S8, the voltage of the interconnection line will rise,
and the system stability wilt be improved. .

- When Wadi Jizzi PS is operated fully, the transmitted power to Muscat system
will increase and the voltage of the interconnection line will drop a little.
However, the voltage will be still in the target voltage range and will not pose
any problem.
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0.9%
0.94

0.92

In 2001 and beyond, with the inercase in demand, the veltage will drop
gradually. However, new establishment of Barka PS in the aspect of supply
capability, and addition of an 8C in Khabura S8 in the aspect of voltage, will
help the system to maintain the voltage.

On the basis of these findings, it is possibfc te maintain the voltage of the
interconnection line after interconnection of both systems,

—X—Before Ilerconnection
= O~ Afler Interconnection
——Barka PS In
—B—Viadi dizzi S P |

Rusail Barka Musanna Khabura Sohar Wadi Jizzi

Figure 4-1-7  132kV Bus Voltage (2001}

b. Stability

Section examined : 2001 Year (Annex:4-1-3) _
* Muscat system and Wadi Jizzi system are simulated in contraction. !
+ Characteristics and voltage regulator of generators are on standard mode! in

Japan.
* Transmission lines, transformers, loads angd capacitors situated between Rusail
PS and Wadi Jizzi PS are simulated in detail.

Fault condition :
+ Single phase ground fault.
* Fault point is the most severe fault point between Rusail PS and Wadi Jizzi PS.
{I'igure 4-1.8)
* Seguence of breaking an eleetric cireuit is shown in Figure 4-1-9.

Results of examination :
The disturbance waveforms calculated by snmuhtmn are shown in Annex 4-1-k

and Annex 4-1-1.

The diagram shows as follows : ‘ ;
i )If the opening time of fault point side CB is 0. 12 sec 6 cycle] ar less, pcn\e b
system is stable,
i1 Hf the opening time of other side CB is 0.5 sec or less, power system is stable.
iii)The limit of transmission power flow from Musanna SS to Khabura SS is
about 170MW from the point of view of the system stability.
iv)When the Barka PS is connected, the limit will increase by about 40 MW
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Figure 4-1-8 System model for the stability analysis

Fault
(LG

(R-Open
{Fanlt Side)

3-Open
(Arathor Side)

N I

120mrs (6cycle)  pe——— Ty —————
140mms (7eycle) 500ms (25¢cycle)

Figure 4-1-3  Sequence of breaking an electric circuit

@Technology transfer of analytical programs

.Tec'hnology transfer of the voltage flow analysis program, system fault caleulation

program and demand and supply operation program, that are based on a personal
computer and can make caleulations with case, were made to the control center, ete.
For more details, please refer to Chapter 9.

{2) Examination of Load Dispatching Instruction System

The load dispatching instruction system is an organization that is indispensable in
controlling the power system in an integral manner and supplying electricity stably and
efficiently. In the following, we will examine the present state of the load dispatching
system in Oman and what it should be in future.

(DPresent Load Dispatching Instruction System and Its Problems
The present load dispatching instruction system, as shown in Figure 4-1-10, is
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compﬁsed of a main caontrol ceater, local control centers, ete. The system mainly
controls the power systems and colleets the actual operation data. I does not do any
tasks related to demand and supply (such as demand forecast, generation planning,
cte.).

Main CC PMuscat

71—

Main CC [Muscat] | Regional OC Musanna] | Regional CC{Nizwa} | Regional CC[Sthlr Regional CC[Rwaipm}

Ghubrah PS

Wadidiza S

Rusasl PS Muscat System | — Wadidiza System

Manah PS

(MuscatArea)  (SouthBatinahArea)  {DakhliyaArea) | (NorthBatinahArea) (DhahirahArca)

Figure 4.1-10  Present load dispatching system

In the survey, we examined the main contro! eenter, and power facilities such as the
respective power stations, primary 132 kV substations, and distribution substations,
and load dispatching information, load dispatching facilitics, and load dispatching
organization, Qur findings are as follows:

LS

As there is no organization that makes the demand and supply operation plan of
the entire power system, the power stations are not coordinated for efficient
operation.

The respective power slations are operated independently of each other by
different contractors. ‘Theve is no organization that seeks an efficient operation of
the power system as a whole. Hence cach contractor is controlling operation so
that a local fault at its power station will not cause hindrance. The operation of
cach power station has very many losses.

- At the main contro! center, the states of the trunk systems can be displayed on

CRTs. However, there are no system panel display. Telephone communication is
not with girect telephone line but by pushmg buttons. Hence they lack promptness
in grasping the overall status of the power system at the time of a fault.

System operation is provided by dedicated operation engineers. This causes a
delay in recovering the power system at the time of a fault. (Members ofthe shift
of the 132 kV substation should control the power system.)

* The system information of unattended distribution substations (33/11 k\’) is not

conveyed to anywhere. Even if a fault occurs, it is difficult to detect the fault. (It
may be necessary to eollect information on 11 kV distribution lines. )
Load dispatching information i is generally scarce.

In short, the system and facilities are not adequatn to respond to the expansion of the
syslems and the inevease in reliance ofelectuc;ly
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(@DNecessity of Central Load Dispatching Center

In case of a small power system with a single power station, it is sufficient (o control
the generators at the pewer station according to the conditions of demand te achieve
efficient operation. When the power system expands, and the number power stations
increases, an organization is needed that controls in advance the allocation of power
outputs to the respective generators according to the demands. In allocating power
outputs, it is necessary to consider efficiencics of generators, and the conditions of the
power system (power flow, voltage, system loss, ete) so as to achieve the most
cconomical operation.

With the development of the society, needs of higher reliability of electricity, supply of
quality electricity, and early recovery from fault increase. As a result, enforcement of
monitoring and control of the pewer system is required. Hence with the expansion of
the power system and the development of the society, it will become nceessary to have
a central load dispatching center having these two functions.

@ Duties and Organization of Central Load Dispatching Center

The duties of the central load dispatching center are shown in Table 4-1-3;

Table 4-1-3  Central Load Dispatching Center Duties

Item Contents
Demand and * Development of demand and supply operation plan
supply control for the next day.
S » Continuous demand and supply operation of the day.
System control * Power flow eontrol.

* Voltage control.

* Frequency confrol.

» System switching (work outage, system modification,
switching in case of fault}

- System monitoring.

System - Setting of relays, ete.

protection and

operation

Record keeping + Power flow charts, generation records, meteorological
records,
ete.

Information and * General conditions of load dispatching, system

communication operation status,

information on faults, etc.

When the instruction system of the present contro! center is utilized to establish a
central load dispatching center, its organization is shown in Figure 4-1-11:



Central Load Dispatching Center

o _r Ghubwah IS Manah PS ———
- Rusail PS WadiJizd PS
— Primary SS
(132/33kV)

[ i | |
[ Muscat OC] [Musama €C | [Niwa CC] [Sohar €G] [Burnimi CC ]

st S8 ¥t SS — Dist. 88 L Dit.SS |— st S8

Figure 4-1-11 Instruction system of a central load dispatching center

Specific assignment of duties is compared with that of the present system in Annex
4-1-m. In outline, the central load dispatching center performs demand and supply
operation of the entire power system, and system operation of the 132 kV systems.
The system contrel centers perform system operation of systems of 33 kV or under
and system control of 132 kV systems.

@Control and Load Dlspatchmg lnformatlon

As for centro} method, load dispatching information, ete., the plesent SCADA system
is to be utilized. However, in the introductory stage, move details should be clarified.
We think at least on-ine information from substations thrdugh which the
interconnection line passes, such as Wadi Jizzi PS, Sohar SS and Musanna SS, is
needed. At present, it is not planned to introduce the SCADA system to these
substations. It is necessary to establish a system where each new control center can
collect information on its arca so that the control center can operate the systems
within its own area of responsibilily.

Table 4-1-4  Object PS, 88 and Content of information of present SCAD}\ system

Object 'S and 85 TItem Content of information

Rusail PS, Ghubrah PS, Wadi Adai | Generator - | P, Q, CB
55, Madinat Qaboos SS, Bait Barka [ 132kV Line P, Q A, CB, IS, E
SS, . - ’ ’

: : Relay
(Within one year: Manah PS, Nizwa 132/33kV _ "
58, Izki 88, Bahla S8, lena Ty . ,
TawnSS(dist. 85). 132kV Bus |V, CB, LS, K, Relay

Future : Seeb Palace S8, Jahloot §S.) 33kV Line | A, CB, IS, E, Relay
33kVBus |V

®Introduction steps
Intreduction steps are shown in ‘fable 4-1-5.
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Table 4-1-5 Introduction steps of the function of the Central Load Dispatching Center

First  Step Second  Step
Time of At the tinte interconnected Future
introduction | Muscat system and Wadi Jizzi
system
Central * Introduction of demand and | Introduction of the system
: load supply operation program control program
l- Dispatching * Economic load * Automatic frequency control
Center dispatching « Control of voltage and
* Power flow monitoring reactive power
* Introduction of system + Emergency control
menitoring panel (132kV
system)

* Introduction of automatic
record keeping program,

Regional - Reinforceinent of regional * Introduction of system
Controel control center monitoring panel ( 33kV
Center system)

* Introduction of automatic
record keeping program.

* Introduction of remote
switching system

* Introduction of automatic
recovery gperation system

i Others + Organization preparation
’ * Operator training

@Loca:tion _
As for the location, in view of the issues of sceurity, it will be appropriate to establish
the central load dispatching center in Ghubrah PS where the present main control
center is located. The new Muscat control center is established in Wadi Adai SS or

Madinat Qabeoos SS. Other new local control centers ave the present local control
centers or key substations of service areas.



4-2. Performance Improvement of Gas Turbine Power Generation System

4-2-1. Gas Turbine Performance improverment |

In this study, improvement of gas turbine performance means improvement of thermal
efficiency and augmentation of oulput. Currently, the power generation system in the
Sullanate of Oman has following four basie problems, as follows;

1} In the summer pcak load tlme there isa shmt'igc ofpowel supply in some areas and
load sheddmg s necessary.

2) Gas turbines, which accounts for a major portion of the power gcnelatlon system,
cxperience a  considerable decrease of output, according to their ambient
temperaturc-output chavacteristics, dunng the summer peak load time when higher
output is requirved.

3) Air conditioners are the major loads of the system and therefore, the system load
falls sharyply in the winter time. _

1) The average running load factor of gas turbines is very low, so the thermal
efficiencies of turbines are low accordingly.

Seasonal load fluetuation is difftcult to technically deal with. Therefore, in this study, we
place an emphasis on gas turbine power augmentation, and thermal efficiency improvement
by raising running load factors. The results of investigation and analysis so far highly
recommend that a water injection operation of gas turbines be applied in the summer peak
load time due to the reasons mentioned in 4-2-1,(2), 1) and 4-2-2,(2).

(1} Improvement of Thermal Etficiency
{DModification to Combined Cycle :

In existing power stations, a simple cycle is fuiopted for all gas turbine power
generation systems. However, in a simple cycle system, only 30-35% of heat input is
converted inte electric power, and the remaining energy is exh'aust.ed as waste heat.
In a combined cycle, this waste heat of gas turbine is also utilized for power generation
i a steam cycle. Therefore, the thermal efficiency of a'ﬁombihed cycle is substantially
higher than that of a simple cycle by approximately 50%. However, a combined cycle,
unfortunately, cannot be applied to any existing unit in Oman due to the reasons
mentioned below. '

* A steam cycle requires ‘huge amount of cooling water(usuall_v sca watex) for the
condenser, however, sea water is available only in the Ghubrah power station,

- The GT12 and GT13, large capacity gas turbines, at the Ghubrah power station,
which are suitable for modifieation to a combined cycle, are aheady eqmpped with
heat recovery hoilers to supply steam to a desalination plant.

* The GT-11 gas turbines of Ghubrah power station are all small machmes with low
load factors for peak load use, and it is not economical to apply combined cycle for
these units,

@ Uprating of Gas Turbines

For most of the existing units, more than ten years have passed since the start of

operation. If major internal parts of the gas turbines are rcplacéd with those of the
newest model, thermal efficiency can be improved by some percent. Technically, it is
possible to apply this uprating to all of the existing old model machines, however, it is
not recommended because of the following reasons. -
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+ Frame 5 and Frame 6 gas turbines are small capacuy machines with low plant
factors and load factors, and it is not economical to apply uprating to these units,

» Large capacity Frame 9 machinecs are adopted for G112 and GT'13 of the Ghubrah
power station and GT'1-6 of the Rusail power station. However, GT12 and GT13 ave
already equipped with heat recovery boilers. Furthermore, the average running
load factor of GT1-6 is as low as approximately 50%, because of their duty to control
the frequency of the Muscat system and to sceurc spinning reserve during
operation. At the 50% load, the thermal efficiency of gas turbine will fall by
approximately 19% comparing with that at rated point. It is not cconomical te apply
uprating to those units which are forced to operate at partial loads to fulfill their
dutics.

@Operatnon at ngher Loads .
Gas turbines have output- efﬁcwncy charactenstws as shown in Annev( 4-2-a, Namely,
thermal efficiency is lower by approximately 14% at 60% output and 18% at 50% output
than that at rated output. Lower thermal efficiency leads to higher fuel consumption.
Therefore, gas turbines should always be operated at high outputs, which are close to
the rated point, to maintain high efficiency.

On the other hand, gas turbines have ambient temperature-ountput, efficiency
characteristics as shown in Annex 4-2:b. Qutput and efficiency fall when ambient
temperature vises. This is an inherent characteristic of gas turbine and the efficiency
drop caused by high ambient tem’pera’ture cannot be controlled. Weighted average of
monthly ambient temperature with distributed weight in proportion to total power
generation in a month is 32.8°C for the Ghubrah power station and the Rusail power
station, and 33.8°C for the Wadi Jizzi power station. Decrease of output and efficiency
at those ambient temperatures, average running load factors of gas turbines in those
power stations in 1996/1997, and efficiency decrease at those power factors are shown
in Table 4-2-1.

As is clear from the table, the efficiency of gas turbines in those power stations is lower
than that at the rated point by 10-20% due to very low running load factors, though the
efficiency drop based on ambient temperaturc-efficiency characteristic is only a few
percent lower. The major causes of low running load factors are a very low grid lead in
the winter time, which is only one third to one fourth of the summer peak load, and also
the partial load operation of gas turbines to keep the spinning reserve.

Table 4-2-1 Average Running Load Factors and Efficiency Drop

Power Station, | Gas Turhine Temperature Characteristics 1996/1997 Operation Data
Unit Weighted Mean | Output Efficiency Aver. Load Efficiency
S Temp. °C DBrop % Drop % Factor % Drop %

Ghubrah - 3238 12.3 2.6 ‘

GT1-GT11 46.4 20.9

GT12,GT13 61.9 12.0
Rusail 32.8 12.3 2.6

GT1-GTé : ‘ 52.7 17.1
Wadi Jizzi 33.8 12.9 2.8

GT1-GT11 54.2 16.3




Regavding the low load in the winter time, it will be very difficult to improve the
situation because air conditioners, which ave used only in the summer time, accounts for
70% to 80% of total load demand in Oman Regarding the spinning reserve, it will be
possible to minimize the amount of reserve and to improve the gas turbine efficiency by
several measures. One measure is the intereennection of the Muscat system with the
Vadi Jizzi system, and another measure is the provision of power battery for spinning
reserve., : :

In the Wadi J;nl power station, three units of Fraine 5 gas tur bmcs and eight units of
frame 6 gas turbines are installed. The average running load factor of those units in the
past two yecars is only 54.2%. If Wadi Jizzi system is conuiected with Muscat system, it
is no longer nccessary to keep the spinning reserve in the Wadi Jizzi system. The gas
turbines in the Wadi Jizzi power station can be operated at an average output of 87%
“which corresponds to 33.8°C ambient temperature. The efficiency improvement by this
operation at 87% load will be approximately 11% and fuel cost can be saved by OR
1,400,000 in a year.

If a power storage battery is installed as a spmning reserve in the Muscat system, gas
turbines in the system can be operated at higher load. This would lead to significant fuel
saving. Detailed study for the interconnection and the installation of power battery is
performed in other sections.

@Measurement of Fuel Consumpt:on :
According to the recent operation records of power stations, 2- 10% difference is observed
between the fuel flow measurement by the power station and that by the supph_er. Fue!
flow and power generation measurements are the most important ones to determine the
performance of a power generation system. It is very difficult to control the performance
of generation units correctly under this situation. 1t is neceqsaty to calibrate the fuel
flow measuring device urgently.

{2) Power Augmentation
(DWater Injection -
Injecting water into the head end 0f the combustor for NOx abﬁtement increases mass
flow, and therefore, output. Water or steam injection for power augmentation has been

an available option on G gas turbines over 30 years and thisis a weH proven technique.
{See Figure 4-2-1)

a. Objective Gas Turhines ‘
As water injection is very effective for power augmentatmn it is rccommendcd to
apply water injection to all gas turbines with the exceptmn of the GT12 and GT13 of
Ghubrah power station, to which the heat recovery boiler for desalination plant is
connected, and the GF1 and GT2 of Wadi Jizzi power station, which are owned by
another company. Namely, water injection shall be applied to the following units.

* Ghubrah power station : GT]-_GTI]; 'Frame 5 and Frame 6
* Rusail power station : GT1-GT6;, Frame9
* Wadi dizzi power station : GT3-GT'11; Frame 5 and Frame 6



Inlet Air

Figure 4-2-1

Gas Turbine Rated Performance

‘The study has been conducted bascd on the condition that each Frame 5,6 and 9 gas
turbine has the performance shown in Table 4-2-2. Gas turbine performance at 50°C
is calculated using Annex 4-2-b which shows the relationship between ambient
temperature and several performance. As is clear from the figure, at 50°C ambient
temperature, output decreases by 24% and heat rate increases by 7.5% compared
with ISO conditions.

Exhaust Aw

Water Injection

Corrections for gas furbine performance shown in Annex 4-2-c are necessary when
water injection is applied. When water is injected to gas furbine at the flow rate of
150% fuel flow(ca. 2.5% of air flow), output increases by 13% and thermal efficiency
falls by 4.4%.

Table 4-2-2 Gas Turbine Performance
At IS0 conditions, LHV base

Model Output Inlet Temmp. Exhaust Heat Rate Exhaust
MW °C Temp. °C Btu/kWh Flow kglsec

Frame 5 ©26.3 957 483 11,190 1241

Frame 6 38.3 1,104 539 10,8G0 139

Frame O 123.4 1,124 537 10,110 410
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At 50°C

Model Output Heat Rate LIV Base Fuel Rate Exhaust
MW BlukWh | kJ/kWh kgfoec | Flow kefsce
Frame 5 20.0 12,890 13,600 1.51 107
Frame 6 291 11,670 - 12,320 1.69 120
Frame 9 93.8 10,870 11,470 5.97 355
Gas Turbine Pariial Load Performance

Gas turbine has a partial load performance as shown in Annex 4-2-a.

¢. Conditions in Water Injection

Water injection will be performed under the following conditions.
* Water will be injected so that thie power augmentation by water injection at the
Ghubrah, Rusail and Wadi Jizzi power stations equals to the output of one Frame
6, one Frame 9 and one Frame 6 gas turbine respectively.

* Water injection period : 100 days in the summer time

* Time period : 3 hours per day, from 13:00 to 16:00

+ Injection flow rate : 130-190% of fuel flow

* Ambient temperatuve when water injection is applied : 50°C

Relevant data about water injection under the conditions mentioned above are shown
in Table 4-2-3.

Table 4-2-3 Relevant Data for Water Injsction .
50°C ambient temp., LHYV base heat vate

Model - Flow Rate Qutput MW Heat Rate kJ/ikWh
kgfsec tonfday | Without With Without With
Injection | Injection | Injection | Injection
Ghubrah . : .
Frame 5 2.13 23.0 20.0 22.5 13,600 14,180
Frame 6 2.80 30.2 29.1 326 12,320 12,810
Rusail '
Frame 9 11.47 123.9 93.8 109.4 11,470 12,150
Wadi Jizai . :
Frame 5 2.00 21.6 20.0 22.2 13,600 14,130
Frame 6 2.63 28.4 20.1 3256 12,320 12,800

The injection water flow rate is 2-3% of air flow rate and is far below the maximum
flow rate of 5% which is usually applied to GE gas turbines. However, final
confirination from the gas turbine supplier on injection flow rate is necessary.

d. Water Injection

Quality of injection Water

Injection water beeomes superheated steam when heated hy combustion gas gtefim
flows through the gas turbine and comes in contact with hat gas path parts.
Therefore, water quality shall satisfy the requirements of the gas turbine supplier to
avoid the deposition of impurities in hot gas path, which could result in efficiency

deferioration or covrosion of hot gas path parts. Usually, the l"ollowing rer'luircmentsl _

shall be satisficd. Regarding water quality, a final confivmation from gas turbine
supplier 18 necessary.,



Water Quality
+ Conductivity(s¢ Sfem at 25°C) :less than 0.5
« Contents of impurities

Sodivm({ppm as Na) : less than 0.01

Calciumf(ppm as Ca) :less than 0.1

Silicalpph) : less than 20

Tota!l vesiduals(ppm) : less than 10
Water Consumption

Water consumption in water injection operation under the conditions mentioned in
section 4-2-1,{2),, b is shown in Table 4-2-1.

Table 4-2-4  Water Consumption

Power Flow = | Consumption Gas Turbines

Station kglsec tonfday
Ghubrah 24.8 . 268 Frame 5 : GT1-9, Frame 6: GT10. il
Rusail 688 743 Frame 9: GT1-6
Wadi Jizei 23.0 219 Frame 5: GT3. Frame6:GT4-11

When water injection of 130-190% flow rate is applied, efficiency will fall by approx-
imately 4.0-5.5%

f. Additional Equipment

According fo the site investigation, no gas turbines are designed to perform water
injection operation. Therefore, gas turbine modification work, such as instaltation of
water injection nozzles, modification of control system etc. shall be carried out during
a shutdown period for regular maintenance before the start of water injection
operation. This modification work can be performed easily. In addition to the
modiﬁcatién work of gas turbines, additional equipment such as raw water tank,
demineralizer, demineralized water tank, injection water piping, injection control
system ete. shall be installed. The basic specifications of that equipment are shown
below. See Figure 4-2-2 “ Water Injection Flow Diagram ”.

Raw Water Tank

A tank, to be used to store the raw water before treatment, shall be installed in cach
power station. Raw water tank capacity will be as shown in Table 4-2-5. Distillate
water from the Ghubrah plant or city water will be used as raw water.

" Table 4-2-5 Raw Water Tank Capacity

Power Station _ Ghubrah Rusail Wadi Jizzi

Tank Capacity ton 800 2.200 800
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Demineralizer

Demineralizer is used to treat raw water 'md to make water qu‘ahty acceptablo to gas
turbines.

Table 4-2.6  Demineralizer Capacity

[ Power Station Ghubrah Rusail Wadi Jizzi
Capacity tons/day 268 743 249

Dg_luml_?_ed_walm Tank | '

Demineralized water is temporavily stored i in this tanl\ before injection. One common
tank will be installed in cach power station. Storage capacity is for one day
consumption. Each tank capacity is shown in Table 4-2.7, :

Table 4-2-7 Demineralized water Tank Caﬁacily '

Power Station Ghubrah Rusatl Wadt Jizzi
Tank Capacity tons 270 750 270
J_m.ugx_va_t_&umg

The piping is used to transfer injection water from demineralized walcr tank to each
gas turbine via mjectlon water pump. Piping material shall be stainless steel.

!lat:zljlﬁ:tc Q; trol Syster

The system controls injection watel flow in ptoportlon to fuel ﬂov. ln]echon water
pumps, filters, flow control valves, shut off valves, control system ete. are included in
the system. This is a parl of integrated gas turbine control system, thevelore, the
system shall be supplied by gas turbine manufacturer and shall be installed during a
turbine shutdown period for regular maintenance. Selection of water injection

operation will be done for individual gas turbines, therefore, the control system shall
be added to each gas turbine.

Cost of Additional Equipment

Budgetary cost of additional equipment is shown in Table 4.2.8.T hc cost is estimated
based on the condition that sufficient water for injection is available in the vicinity of
power station. Cost for the modification of gas turbine to install water injection
nozzles is not clear. This information shall be obtained from each gas turbine supplier.
If we assume this medification work cost to be RO 100,000 per unit, the total
investment for water injection will be as shown in 'l"ible 4-2-9.

Table 4-2-8 ] stimated Cost of Additional Eqmpment
Unit : RO 1000

Power Raw W. Demine- | Demine. | Injection | Control Total

Station Tank ralizer Tank Piping System -
Ghubrah 250 300 1¢0 200 - 630 1,630
Rusgail 480 590 200 180 370 1,820
Wadi Jizzi 250 280 100 190 6560 1,380
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Table 4-2-9  Total Investment for Water Injection

o - Unit : RO 10600
Power Statien Ghubrah Rusail Wadi Jizzi Total

Invesiment ‘ 2,630 ﬁzﬁ_o' o 2.280 7,330 a
£} @ Inlet Air Cooling

Technically, it is possible to apply inlet air cooling to any oxisting gas turbine unit;
hewever, it is not ecconomical to apply to small gas turbines such as Frame 5 or
Frame §. Therefore, the study has been focused on the application of inlet air cooling
to six Frame 9 units in the Rusail power station.

Similar to the conditions in clause 4-2-1,(2),(),b, the study has been conducted on
the condition that Frame 9 gas turbine has the performance shown in Table 4-2-10.

‘ Table 4-2.10  Frame 9 Gas Turbine Performance
At 1SO condition, LHV base .

Model Output Inlet Gas Exhaust Gas Heat Rate Exhaust Flow
MW Temp. °C Temp. °C BtwkWh kglsec
! Frame 9 123.4 1,124 537 10,110 410
Performance Correction for Ambient Temperature

Gas turbine performance shall be corrected for ambient temperature as shown in
Annex 4-2-b. Performance at typical lemperature is shown in Table 4-2-11,

Table 4-2-11 Gas Turbine Performance at Different Temperature

LLHV base
Ambient Output Exhaust Heat Rate Exhaust Flow
Temp. °C MW Temp. °C kJ/kWh kglsec
15(130) 123.4 537 10,670 410
20 119.1 540 10,750 401
30 110.4 546 10,960 385
40 102.1 552 11,200 369
1 Gas turbine has partial load performance as shown in Annex 4-2.a,

Load curve on July I, 1997 is adopted as typical daily load curve in the summer peak
load time and this study has been conducted based on this load curve. On this day,
maximum daily load of 430 MW is recorded at 3 p.m.(39°C ambient temperature,

- average unit load of 81.7 MW} and minimum load of 233 MW recorded at 6 p.m.(36°C
ambient temperature, average unit Ioad of 38.8 MW).
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Design Ambient Condition

The average ambient condition in the summer daytuue at the Rnsml power station is
37.4°C dry bulb temperature and 55% teIatwe humidity, [t is rare that maximumn
temperature exceeds 40°C at Rusail. Therefore, in this study, 40°C dry bulb
temperature and 55% velative humidity is selected as the design ambient condition
in summer daytime at Rusail. Because of high relative humidity, enthalpy of the air
is as high as 122.1 kd/kg and cooling load alse becomes high. If 1elatwe humidity
goes down to 40%, cooling load will be reduced by 35%,.

¢. Conditions in lnlet Air Cooling
The study has been carried out assuming the followmg operation conditions.
+ Operation period : 100 days in the summer time
+ Operation time period ; 3 hours per day, from 13:00 to 16:00
+ Ambient condition : 4G°C dly bulb temperature, 55% 1elahve humidity
+ Cooled air temperature : 20°C

* Operation of chiller system : 10 hours per day, 5:00 to 11:00 and 17: 00 to 21:00

1 i in
There are several cooling systems such as evaporative cooler, chiller cooling system,
ice thermal storage cooling system, and a combination of the above. Among them,
the ice thermat storage cooling system is selected in this study because of its proven
experiences and its lavge contribution to load balance.

Performance Improvement

Performance of Frame 9 gas turbine with inlet air coo]mg and without cooling is
shown in Table 4-2-12.  When inlet air is cooled by 20°C, output increases by 17
MW(17%) and heat consumption rate is improved by 4%. Total output increase at

Rusail power station is 102 MW, which is equivalent io the increase of adding
another Frame 9 unit.

Table 4-2-12  Performance Improvement by Inlet Air Cooling
Frame 9, LHV base

Inlet Air Air Temp, Output Heat Rate
Cooling °C MW kJikWh
Without 40 102.1 11,200
With 20 119.1 10,750
Coealing l.oad

Under the operation condition mentioned in clause 4-2-1,{(2),@,¢, the cooling load of
air cooler will be 65.0 Gd/hy or 195 GJ/day per unit.

e. Additional Equipment _ -
Following additional equipment is necessary for inlet air cooling. Air cooler shall be
installed for cach unit in the inlet air duct during gas turbine shutdown period for

regular maintenance. Two sects of chiller systems will be provided and each system
serves for three gas turbine units.
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Chiller System
The systen consists of compressor, evaporator ete.  Following numbers of equipment
is for six gas turbine units.

Compressor Number: 8
Type : Screw type
Capacity : 1,160 USRT / unit
Motor capacity : 1,140 kW
Evaporator Number: 24
Capacity : 390 USRT/ unit

Ice Storage Tank

The bH0/H0 icefwater mixture necessary for a three-hour coeling operation will be
stored in the tank. The tank is cast-in-place concrete and is installed partially helow-
ground to utilize the insulating effect of the earth.

Ice storage tank Number : 2 (each one for 3 units)
Capacity : 4,300 m® per each

Air Coolex
The cooler is installed in the inlet air duct of each unit. It cools the compressor inlet
air by cold water which is supplied from the ice storage tank.

Air cooler Type : Fin tube type
Heat load : 65.0 Gd/hr

The pump circulates the cald water of ice storage tank through the air coolers. Two
50% eapacity pumps will be installed for each storage tank.

Circulating Water Pump Number : ‘I'\wo 50% pumps per each storage tank
Capacity : 8,000 m?*/ hr

Each storage tank will be provided with a cold water supply and return main piping.
At the inlet of each branch piping air cooler, a control valve for outlet air temperature
control will be installed.

Control System

The control system serves for gas turbine inlet air manitorving and control.

Electrical Equipment

The system is composed of a power sou rce, a control source ete.

The budgetary cost of additional equipment for gas turbine inlet air cooling is shown
in Table 4-2-13.
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Table 4-2-13 Budgetary Cost
Unit : RO 1000

Ttem Number Cost
1. Chiller : 5,000
Compressor 8 ‘
Evaporater 24
Condenser cte. 8
2. Ice storage tank 2 550
3. Air cooler 6 570
4. C.W. pump 4 180
5. Piping system 6 1,230
6. Control system 6 930
7. Elee. Equipment G 270
8. Others 6 set 800
0. Engingering | = | —._A480__
Total - 10,160

4-2-2. Cost Estimation and Financial Study
(1) Operataon at Higher Load
To be studied in other sections.

{2) Water Injection
The total output increase of three power statxons under . watcr injection. Opremtlon is
almost cquivalent to the output increase when one Frame 6 unit, one Frame 9 unit and
one Frame G unit ave additionally installed to the Ghubrah, Rusail and Wadi Jizzi power
stations vespectively. Therefore, a financial study has been conducted by comparing costs

and benefits of water injection operation with those of operation by additional three gas
turbines.

(DConditions in Financial Study
+ Asset life : 20 years
* Discount rate : 8.0% per annum
* Water injection operation : in summer time only, 100 days Iyem 3 hours / day
= Output : Quiput at 50°C ambient temperature
» Fuel cost : 20.407 Bz / scm(standard cubic meter)
* Fuel calorific value(low) : 8,900 keal / sem
* Energy cost : 0.5104 Bz / MJ
* Injection water cost : 0.82 Bz / kg

Miscellancous costs excluding fuel cost and injection water cost are same in both
€ases

@Power Increase
Power increase at each power station in watcr injection operatwn is shown in Table 4-

2-14.
Table 4-2-14 Pou er Increase by \"iater lnjechon S
Power Station Ghubrah Rusail Wadi Jizzi Total
Increase MW 29.1 93.8 291 152.0
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DInvestment :
A comparison of investment amount in both cases is made in Table 4-2-15.

Table 4-2-15 Compavison of Investment
Unit : RO 1060

Power Total Investment Amount
) Station GT Addition | Water Injection Difference |
"- !: CGhubrah 6,660 2 630 . 4,030
Rusail 13,850 2,420 - 11,430
Wadi Jizzi 6,660 2. 280 - 4,380
Total 27,170 7,330 - 19,840

@Power Generation Cost
A comparison of the output of cach power station at 50°C ambient temperature is shown
on Table 4-2-16. The outputs in both cases is the same at cach power station.

Table 4-2-16  Comparison of Qutput

Power Station Ghubrah Rusail Wadi Jizzi Total
GT Addition MW 267.3 656.6 281.9 1,205.8
Water Injection MW 267.3 656.6 281.9 1,205.8

In water injection operation, power can be augmented, however, additional operation
costs such as more fuel cost due to lower gas turhine efficiency and injection water cost
are necessary. The additional costs in a year are shown on Tables 4-2-17.

o

Table 4-2-17 Additional Power Generation Costs
Unit : RO 1000

Power Station Additional Cost

Fuel Cost Water Cost Total
Ghubrah + 284 +21.9 + 50.3
Ruaail +68.0 +61.0 +125.0
Wadi Jizzi +21.9 204 +42.3
Total +118.3 + 103.3 +221.8

(®Overall Evaluation:
The net present value of the associated cash flow over 20 year period is calenlated. The
result is shewn in Table 4-2-18. (Also see Annex 3-3-k,1,m } In conclusion, it is clear
! that the water injection operation is far more profitable than adding new gas turbines
by present value of R0O15,400,000. It is, therefore, highly recommended to apply water
injection to existing gas turbines as a means of power augmentation in the summer
peak load time.
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Table 4-2-18 ‘Total Evaluation of Watcr Injection vs New Gas Turbines

Unit : RO 1000

. ) ~ Cost difference . NPVof
Power Station. Investment Generation Cost | Water Injection
Ghubrah 4,030 + 50 + 3,078
Rusail - 11,430 + 129 -+ 8,863
_Wadi Jizzi -_ 4380 + 42 +3.466
Total - 19,840 + 221 +15,407

(3) Intet Air Cooling
The total output increase of the Rusail power station with an inlet air cooling operation is
almost equivalent to the output increase when one Frame 9 unit is additionally installed
in the power station. ‘Therefore, a financial study has been conducted by comparing the

cash flow of inlet air cooling operation with that of operation by additional one Frame 9
gas turbine.

(DConditions in Financial Study
+ Asset life : 20 years ‘
* Discount rate : 8.0% per annum
+ Air cooling operation : in summer time only, 100 days / year, 3 hours / day
*+ Chiller operation : 10 hours per day
* Qutput : Qutput at 40°C ambient temperature
* Fuel cost : 20.407 Bz ! scm(standard cubic meter)
* Fuel calorifie value{low) : 8,900 kcal / scm
* Energy cost : 0.5104 Bz / bJ
* Chiller power cost - 0.42 Bz / kWh

Miscellaneous costs excluding fuel cost and chiller operation cost arc same in both
cases

(@ Power Increase

The total output of the Rusail power station when inlet air cooling is applied, and the
output when one Frame 9 gas turbine is additionally installed are shown in Table 4-2-

19.
Table 4-2-19 Comparison of Qutput
Ambient temp. : 4G°C

Addition of One Frame 9 Unit Inlet Air Cooling
Unit Number Total Unit Number’ Total

Output of Ouiput | Qutput of 1 Qutput
MW GT's MW MW GT's MW
102.1 7 T14.9 119.1 6 714.6

®Investment

Comparison of investment amount is shown in Table 4-2-20. Investment in an inlet air

cooling system is approximately 70% of the cost of additional installation of a new gas
turbine.
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Table 1.2-20  Comparison of fnvestment
' Unit : RO 1000

Power Total Investment Amount
Station G'F Addition Intet Cooling Bifference
Rusail 13,850 10,160 - 3,690

@®Power Generation Cost
t In an inlet air cooling operation, power can be angmented and fuel cost decreases due to
= higher gas turbine efficiency. However, at the same time, additional cost for chiller
opcration arises. The difference in power generation cost in a year is shown in Table 4-

2-21,
Table 4-2-21  Difference in Power Generation Cost {per year)
Unit : RO 1000
Fuel Cost Saving Chiller Power Cost Net
- 49 + 166 + B7
®0verall Evaluation

The net present value of the associated cash flow over 20 year period is calculated. The
result is shown in Table 4-2-22. (Also sce Annex 3-3-n ) In conclusion, it is clear that an
inlet air cooling operation is also profitable than adding a new Frame 9 gas turbine. The
NPV of inlet air cooling is positive; RO 2,710,000. But, if both a water injection and an

t air cooling operation are applied at the same time, the output of gas turbine will exceed

) the capability of electrical equipment such as generator, main transformer etc.
Therefore, the water injection operation, which has larger NPV than the inlet air
cooling, should be applied preferentially.

Table 4-2-22  Overall Evaluation of Inlet Air Cooling vs Adding New Gas Turbine
Unit : RO 1000

Cost difference NPV of
‘Rusail . Invesiment Generation Cost | Inlet Air Cooling
Power Station. 3,690 57 2710
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Wat.cr Injecction System

Raw Water . * Demineralized Water
Tank Demineralizer Tank
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Figure 4-2-2 Water Injection Flow Diagram
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