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6. Electricity Tarift
6-1. Tariff Structure Reform

6-1-1. Tarift System

In Oman, a single electricity tariff system is applied in the whole country. The tavifl
system has only consumption charge (kWh charge). Capacity charge (kW charge) is not
introduced. There arc several customer categories in the system; residential and

!‘ government, commercial, agriculture and fishery, hote!l and tourisni, and industrial.

Total accounts in Oman are about 380,000 and the biggest segment is the residential
and government users whose electricity consumption (kWh) accounts for 80% of the
total consumption. The second largest segment is the commercial users whose share is

about 14%. In contrast, the industrial sector’s consumption is only 3% of the total.

“Table G-1-1

Electricity Tariff in Oman

‘ Monthly Consumption
Residential &

Government  0-3000kWh
3001-5000kWh
5001-7000kWh
7001-10000kWh
10000k Wh over

l Commercial

Agficulture & -
Fishery 0-7000kWh

7000kWh over

Hotel & Tourism  0-7000kWh
7000kWh over

Industrial  Summer (May—August)

Other seasons (Sept.~—April)

Not charged : Desalination and Mining

Tariff

10B2/kWh
15Bz/kWh
20Bz/kWh
25Bz/kWh
30B2/kWh

20Bz/k\Wh

10Bz/k\Wh

20Bz/kWh

10Bz/kWh
20Bz/kWh

24Bz/kWh
12B2/kWh

Table 6-1-2 Customer Distribution Profile
: [ . . R Commggal! . o
] Restdential Governnment Industrial Total
E 3 A - - __._Others
Consumption 3,246(57.7%) 1,264(22.5%) 930(16.6%) 181(3.2%) b,623
(mil k\Vh) '
290,689(16.9%) | e6.718007.7%) | 350.0% | 378,048

Accounts

20,442(5.4%)

In Japan, the'electricity tariff system consists of capacity charge and consumption

charge to reflect actual cost structure more accurately. Many countries have such a
tariff system. With a capacity charge, the amount of electricity demand (kW) needs to
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be measured and monitored. In case the kW demand excceds the limit which is set by
contract, the electricity supply may be disconnected or a surcharge is imposed.
Electricity users nalmally pay attention to ‘how much they are using and try to keep
the kW demand within the limit. Without a capaeity charge, it is difficult to expect that
people would manage their electricity consumption under a preset limit. It is
recommended to introduce a capacity charge fo large-scale customers, in particular,
which will evoke people’s consciousness toward efficient use of electricity. .

6-1-2. Resldentlal Tarift : :
In Oman, the largest segment in eleclnmty tanfl‘ is resuiontlal tariff. The resndentnl
tariff, which generates more than 80% of electricity revenue in Oman, is applied not
only to households but also to government and corporate offices. It is, therefore, first
priority to consider a reform of residential tariff in order to increase revenue.

A progressive tariff system, which has higher rate for larger consumption, is adepted
for the residential tariff. In principle, this system aims at providing lower income
households with minimum but necessary amount of electricity at a discounted rate to
sustain their living (lifeline tariff). In return it charges affluent families, who always
use more electricity than average people, higher rates to offset the discount. It works to

rectify the income disparily and also to dlscourage overuse of electricity by the upscale
families.

"The progressive tariff system is also used in Japan. The residential customers in Japan
are charged based on the formula shown below (Figure 6-1-1). With the three-stage
rates, wealthy families pay more for their more-than-average consumption. The
premium margin of the most expensive rate covers the foregone revenue caused by the
discounted rate. In Japan’s system, the limit for the first stage rate is only 120kWh per
month. This number is determined by a statistical survey on basic electricity
consumption for TV, refrigerator and so on.
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Figure 6-1-1  Residential Tariff in Japan
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KWh

Before making any decision to modify the current residential tariff, it is required to
examine the actual consumption pattern of average household. By analysing this data,

the impacts of tariff reform to customers can be predicted. Also, it would be possnble to
estimate the amount of revenue increase.

In Oman, an average houschold consumes 12,000kWh per year, which is extremely
lavge compared to Japan. A data set is collected to identify monthly consumption
profile of middle income families, who use approximately 12,000kWh per year. It

includes more than 30 data samples gathered in the Muscat avea. The result is shown
in Figure 6-1-2.
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Figure 6-1-2  Annual Electricity Consumption by Standard Household (model)

It is clear from the above graph that in the off-peak season, when air conditioning is
basically not necessary, the monthly demand is only around 300kWh. In contrast, from
May to October air conditioners are in full operation pushing up the monthly
consumption to 1,500 to 2,000kWh level. This can be interpreted that the basic
electricity demand of average family other than air conditioning is around 300kWh,

“which includes lighting, TV, refrigerator, washing machine and so on. On top of this,

an extra demand for air conditioning is added during the peak season.

An important finding is that even in the peak season average houschold does not
consume more than 2,000kWh per month. As a result, the discounted first stage rate is
applied to those families throughout a year fulfilling the policy objective of social
welfare. Even }ugher incame families who are using 2,000kWh to 3,000k Wh per month
enjoy the discounted price. When the residential tariff reform is planned, it is
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neeessary to consider this point. Lowering the limit of 3,000kWh should be viewed as
easy to justify, becausc this change does not affect average families. Also, it is
important to introduce fixed charge system like the telephene tariff schedule which
has a constant charge per month. There is a rationale for the introduction of fixed
charge because electricity distribution cost such as low voltage network takes a
significant part of total electricity supply cost.

Other issues to be exammed are as follows:

a, Durmg the sumnier season, monthly bills go up q:gmﬁcantly, seven to ten times
higher than that of off-peak season. For example, an average family needs to pay
about 20RO in the summer season, which is substantially big in their monthly
houschold expenses. In winter they only pay about 3RO. The big nonthly bill may
trigger meter tampering and other illegal practices in which the consumers
willfully steal electricity. In order to cope with this problem, accepting deposits
may be effective. When the customers pay some deposits during the off-peak
season, they should be given some discounts. This program would be fairly easy to
implement, because a computerized customer data base has already been
operating.

b. In Oman the seasonal fluctuation of electricity consumption is very large. There
may be an argument whether or not a single residential tariff throughout a year
is appropriate. In the winter season when the electricnty consumption level is low
and a significant part of generation facilities are being idle, the premium rate
may not be necessary because it works to discourage electricity consumption.
Rather, it would be more beneficial if MEW promotes electricity consumption
during the off-peak season by lowering the overall electnmty rate.

Figure §-1-3 indicates the dlstnbutmn profile of monthly res:dentlal consumption. In
this graph all the monthly consumption data from January te December are included.
It should be noted that 86% of monthly residential consumptton falls in the first stage
rate. More precisely, 42% of residential consumption is in the range from 0 to
1,000kWh, 28% from 1,001 to 2,000kWh and 16% from 2,001 to 3,000k Wh accordingly.
There will be a substantial revenue increase if the limit of 3,000kWh is lowered
because most of the residential consumption falls in the current first stage rate. As is
clear from the previous analysis, the average household consuming 12,000kWh per
year gets no impact even if the threshol is lowered to 2 OOOkWh

After considering these issues, it is recommended to lower the threshold 0f3 OOOkWh
for the first-stage rate to 2,000kWh per month. By this change, the current rate of
10Bz/kWh would go up to 15B2/kWh for 16% of the total residential demand, nhlch is
520 million kWh. The expected revenue increase will be about 2.6 million RO per year.
If this tariff revision is implemented, those who are using more than 2,000kWh per
month will be more or less affected. For example, those who are consuming 3,000kWh
per month during the summer season will have to pay 5 RO (5Bz/kWh x (3,000-
2,000)kWh) more, from 30RO to 35R0, in a month. The number of wealthy households
and government offices who will be affected would be approximately 50,000 to 60,000,
depending on many conditions such as the summer time temperature.

Changing other thresholds is not recommendable. It would only generate minimal
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revenue increase, because the electricity consumption in higher glabs is very small.
{See Figure 6-1-3)
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Figure 6-1-3 Consumption profile and overview of proposed tariff

In addition, a small fixed charge of 1RO per month is also recommended. This fixed
charge will be applied to all the customers, For the long run, it is advisable to raise the
fixed charge and, in return, to lower the consumption charge in order to reflect actual
cost structure. This would also contribute to making the fluctuation of monthly
payment smaller, which will be well received by the public. The expected revenue
increase by introducing a 1RO fixed charge will be 4.5 mitlion RO. If this fixed rate is
applied only to households, the revenue increase would be 3.5 million RO. Given all
these considerations, a new residential tariff is proposed as follows. (See Table 6-1-3)

" Table 6-1-3 New Residential Tariff (draft)

Pm@sed Tariff Current Tariff

Fixed Charge 1 RO/month T -
Consumption Charge . T

0-20005kWh 10Bz%kWh | 0-3000kWh . 10BzZkWh
2001-5600kWh . 15Bz/kWh | 3001-5000kWh 15B2/kWh
5001-7600kWh : 90Bz/kWh | 5001-7000kWh 20Bz/k\Wh
7001-10000kWh 25Bz%Wh | 7001-160060kWh 25B2/%Wh
10000kWh over 30BzkWh | 10000kxWh over 30BzKWh
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As a vesult of lowering the first-stage threshold, the payment of those who use more
than 2,000kWh per month will increase. Such families ave regarded to be in the rich
segment and can afford higher bills. In principle, the second-stage tariff should be
applied to those who consume more than average. At the same time, this change would
further accelerate the energy conservation among wealthy households.

Another important issue regarding the residential tariff is the fact that government
and corporate offices are applied the same tariff. They are charged in the same way as
residential customers. ‘The monthly electricity consumption by these offices is far more
greater than family use. Consequently, those offices are mostly charged the highest
rate of 30Bz/k\Wh. 1t is difficult to find a good reasoning for the extremely high pricing
to government and corporate offices. They should be separated from the residential
customers and charged by a different tariff which is tailored for large-scale users.

6-1-3. Large-scale Customers

Commercial and industrial tariff should be analyzed not only from finanmal wewpomt
but also from the considerations of industrial development and international
competition. The electricity charge for commercial and industrial users in Oman is
relatively high compared with other Gulf counties {See Table G-1-4). Because of this, it
is difficult to raise the industriallcommercial tariff for the time being, Furthermore, it
cannot be explained why industrial users have to pay more than residential users.
Based on the marginal cost theory, the current tariff system cannot be justified and
residential users should pay more. This consideration does not also support any
attempt to raise the industrial/commercial taxiff.

Table 6-1-4 [ndustrial Electricity Cost in the Gulf Region

e , cent/kWh
Bahrain 0.030
Kuwait : 0.005
Oman 0.030:0.060
Qatar 0,020
Saudt Arabia 0.030
UAE 0.020

The most important révision to be made for large-scale customers is setting up a
speeial tariff for government and corporate offices. As stated earlier, they are now
charged with the residential tariff, which is difficult to justify. Comparing with the
industrial and commercial customels who are paying about 16Bz2/kWh and 20BzkWh
respectively, the average rate for government and cOrporate offices, about 30Bz/kWh, is
extremely high. Of course, the demand for e]ectnclty in office, mostly during office
hours, is undoubtedly contr:butmg to the summer daytime peak. For this reason, office
use should be charged a higher rate compared with other consumers. All these
considerations would suggest that it is strongly recommended to establish a new tariff
system for offices and lower the current rate to around 25Bz/kWh, which seems to be
quite reasonable. At the same time, it is necessary to consider how to depress the

summer time consumption. Lowering the tariff might have an adverse impact of . -

increasing electricity consumption even in peak hours. In this regard, seasonal tariff
system, which is already applied to industrial users, may be a good sclution. As MEW
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would face revenue deerease because of this revision, the new office taviff should be

gradually implemented along with the improvement of cost structure to avoid
worsening the financials of MEW,

6-1-4, Tariff System for Load Levellng
{1)¥Time-ot-Use (TOU) tariff

In Oman there are two peaks ofclectrlclty demand in a day during the summer season,
which occur around 3 p.m. and 11 p.m. respectively. The afternoon peak is slightly
higher than the midnight peak. With this unique load curve (See Figure 2-1-1j, it seems
difficult to establish a TOU tarifl system. In theory, two peak time zones and two off-
peak time zones should be established in a day. But this is too complex and consumers
would have difficulty in managing their electricity consumption.

Introducing a TOU tariff for load leveling requives in-depth considerations on target
segment and their way of using electricity. In general, only large-scale customers can
take advantage of TOU tariff because they can change operation mode ina day or invest

n special equipment to utilize cheap electnclty during the off-pcak hours. It is difficult
for residential customers to shift their peak-time electricity consumption to off-peak
hours. It is, therefore, recommended to introduce a selectable TOU tariff system for the
large-scale customers as a first step, It is expected that some large-scale customers will
choose the TOU tarifl and start using heat storage technology or switching to other
energy sources to reduce their expense on encrgy.

The time zone of TOU tariff should be structured as simple as possible. One idea is to
set a peak time zone only in the daytime of summer season. MEW would benefit if the
daytime demand growth in the summer is squeezed, because the highest peak demand
appears in the daytime and will grow more rapidly than the second peak at midnight.

‘The most important issue is how to cut dewn the daytime peak demand for electricity.
The electncnty consumption of large-scale users during mid-night peak hours is not a
big amount, which supports the idea of having only one peak time zone in the daytime.

The TOU tariff should be tailored to maintain consistency with the current tariff
system; with the industrial tariff (24B2/kWh in summer and 12Bz in other seasons) in
particular. ‘The off-peak rate can be set as low as fuel cost per kWh. The current fuel cost
is about 9B2/kWh in case of gas turbines. Given this, it would be possible to set the off-
peak rate at 10-11Bz/kWh taking transmission losses into account. In return, the peak
rate should be set higher than the current rate.

There may be some customers who can take advantage of this new TOU tariff without
changing their consumption pattern. In order to prevent these customers from using the
TOU tariff. a special checking mechanism should be developed. For example, an
application form should be filled out and checked by MEW officer. MEW needs to review
the customers plan to use TOU tariff before making a decision to accept the application
for ‘TOU tariff. If there is no DSM effort, MEW should turn down the application.

One example ofTOU tariff is shown in Table G-1-5.
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Table 6-1.5  TOU Tariff (draft)

Indusirial Tou Gffice Building 00
New Tanf[ Current Tariff New Tariff Current Tariff

May 1o Oclober May {0 August May (o October "ggng‘” “0“':‘03 o

. _ - 2/ AW
10am-5pm 30Bz 248z | 10am-5pn 50Bz 5000 1587
- _ o | -7000 208z
Other pertod Other ronlhs Other per.lod ~10000 . 25Bz
10Bz 128z 10B2 | 10000 over 308z

(2)Speclal contract system for load leveling

Apari from the TOU tariff, spemal contract programs can be mtroduced to improve the
load facior, and to reduce the costs of power supply eventually. Electricity price
discount will be rewarded for users who can contribute to load leveling. These
programs, which are common in developed countries, would be also applled to large-
scale users (cement, chemical, textile, ete.). The rationale here is to give financial
incentives to customers who will contribute to peak shaving and/or peak shifting. The
load leveling effort will help MEW reduce their future investment as well, but at the
same time the customers will benefit from the dlscount Both MEW and customers will
share the beneﬁts ‘

In Oman, there are few large-scale customers. It would be easy to pick out potential
large-scale customers who will be able to change. their consumption pattern. The
detailed examination on how they use electricity is required before formulating
contents of new contract. There will be various ideas on the form and amount of
financial incentives. Some basic ideas for the special contract system are shown below:

* Discount for high load factor users
+ Discount for changing operation hours
« Discount for accepting load shedding in case of power c:hortage

6-1-5. Long-run Marginal Cost

Long-run Marginal Cost (LRMC) can be calculated from the value of future demand
growth and necessary investment for power supply fac;hties Namely, long-term (five
to ten years) demand growth, both in terms of kW and kWh, and correspongding fixed
cost and variable cost of new power facilitics need to be estimated. The estimated
numbers are discounted to the present value. The present value divided by the
cumulative kW and kWh represents approximated value of LRMC. Based on the
investment plan in this report, which addresses demand growth and investment
projects, a preliminary study on the rough estimate of LRMC was conducted. In this
study, it is assumed that a constant level dfirive_stment to meet demand growth will be
executed every year. Financial data such as construction costs, fuel costs and losses in
the Fichtner report are reviewed and updated as much as possible. Other assumptions
are shown in Table 6-1.6.
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6-2.

Table 6-1-6  Assumptions for LRMC Calculation

Period ' From 1998 to 2006 | Gas Turbine Generation 160RO/KW

Demand growth Yolyear Diesel Generation 250RORW

T.oad factor 50% Transmission & Distribution 240R0{k“’

Power Station use 8% Discount rate 8%
o s % .

Based on these assumptions, the Long-run Marginal Cost of clectricity in Oman is
calculated to be 25.5Bz/kWh. This is about 70% higher than the current average sales
price of 15.06Bz/kWh. The high LRMC attributes to the dependence on expensive
diesel generation in the local networks, the low plant factor, and the high loss ratio.
However, the recent trend of falling gas turbine price mitigates these problems. If the
electricity tariff in Oman is going to comply with the principle of adjusting to LRMC,
the average tariff would be raised by more than 50%. In particular, the residential
taviff should be raised much higher because residential customers ave suppesed to bear
the low voltage distribution cost which is an additional cost in case of low voltage
connections. It would be difficult to get the acceptance of general public. The tariff
adjustment to LRMC, therefore, is very unlikely from the political viewpoint.

The Long-run Marginal Cost in different time zone can be also caleulated. This will be
a good benchmark for designing a TOU tariff structure. In order to calculate ERMC in
the peak hours, for example, the demand growth during the peak time and also the
required amount of investment should be clearly defined. There may be many ideas on
how to allocate the investment costs into peak and off-peak hours. One idea is to
allocate all fixed costs to peak time demand. This, however, leads to huge difference
between peak and off-peak LRMC. In this study, therefore, a moderate idea that fixed
cost is ta be proportionally borne between peak and off-peak is adopted. Assuming that
peak hour represents one-fourth of total hours, six hours in a day, 75% of total demand
(kW) growth is allocated to the peak hours. ‘The remaining 26% of demand growth is
regarded as base load growth. As for the variable cost, the fuel consumption mode in
peak and off-peak hours should be studied. In Oman, however, there is no clear
difference in the plant operation between peak and off-peak hours. Either gas turbine
or dicsel generator, depending on electricity network, is used for both peak and off-
peak hours, Hence, it can be concluded that variable cost (per kWh) would be equal in
the two time zones. Given all these considerations, peak time LRMC and off-peak time
L.RMC are calculated to be 46.0B2/kWh and 14.8B2/kWh respectively.

Electricity Metering
The electricity losses in Oman are large, reaching around 17% in the Muscat system
for example. The non-technieal losses including meter tampering and measurement
errors due to wear are regarded to be as high as 9%. MEW should recognize the
problems related to metering and take appropri_alé counter measures to reduce losses
and increase electricily revenue. ‘
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In Oman, electricily meter belongs to house OWNer, not to M EW. Newly built house or
apartment is equipped with electricity meter at owner’s expense. MEW engmeer will
visit and check the new meter before using. A seal is placed to prevent tampering. Once
installed, electricity meter is used for many years unless any problem is identified by
MEW engincer or meter-reader. As a result, many old meters, used for more than
twenty years, can be found in old districts. In Japan, utility companies install meters
and replace with new meters every ten years to maintain the accuracy of
measurement.

Metel readmg is conducted avery month Oman Investment and Finance Company
(OIFC) has been working for MEW to read meters, (o record consumphon data, to send
out monthly bills and to collect monthly payments. One meter reader is assigied to one
district which has about 750 customers. Each customer has a code¢ number and
consumption record is kept in a computer data base. When a questionable record is
found, the meter reader will check the past record and may visit again to find out the
cause of problem. There are many advantages in this practice the same meter reader
working in his district for many years. He becomes aware of the people in his district,
and can find a problem easily based on his long experience. This practice, however,
may have shortcomings. A meter reader can collude with his customers to cover up
problems.

6-2-1. Remote Metering System

Owing to the development of electronies technologles remote metering system has
been put in actual operation where the labor cost for meter reading is high. This
technology is often used in the United States, because visiting each customer in a less
populated area is more expensive than investing in the remote metering system. In
Japan, the system is also used, but in special cases such as remote istand or auto-lock
condominium. The labor cost in meter reading is still low compared to the cost of
remote meter reading system. As a result, the large-scale introduction of remote
metering system is limited. Furthermore, the special meter has electronic parts and
their durability is not as good as mechanical parts. Proper maintenance is a
prerequisite of this system,

In Oman, the remote metering system is considered as a means to prevent meter
tampering. If it is to be used to monitor meters to find out unidentified tampering cases,
the remote metering system should be installed at each household. This would require
huge amount of up-front investment and special maintenance work afterwards. In
addition, the low labor cost in Oman will not justify the idea of cost reduction by
remote metering.

6-2-2. Maintenance and Momtoring

The potential problems associated with electrimty meters are lllegal tampering and
measurement errors. Both forego electricity revenue, and hence MEW must take
appropriate measures to deal with them.

(1)Tampering
There are several different ways of meter tampering which have heen all
identificd by MEW. Most of them are simple, and easily found by checking meters
cautiously. In most cases, tampering seems to be suspended a few days before the
day of meter reading. To cope with this problem, it is recommended to make 2
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surprise visit to customers occasionally and also to develop computer software
which can pick out suspected cases. MEW aud OIFC should discuss these issues
and vevise the current contract as needed.

{2)Error due to wear
In order to identify errors of old {being used for more than twenty years) meters,

samples were tested. (Sce Table G-2-1}

Table 6-2-1  Results of old meter testing

No. Manufacture/country Years in service | Error(%)
1 MitsubishifJapan 18 -8.1
2 Ferrntiffingland 20 -1.0
3 Landis& GYR/Fngland 20
4 | Floton/England 20 -4.3
5 Landis&GYR/England 26 -12.0
6 Siemens/Germany 26 -4.5
7 Stemens/Germany 26 -14
3 English Electrie/England 23
9 GEC/England 21 -0.6
10 | Siemens/Germany 29 -0.5

It is premature to draw a conclusion from this small size of samples, but it can be
said that many old meters still show good record. On the other hand, some meters
have more than 10% negative error. It is estimated that there are about 50,000
meters, 15% of total accounts, which are used for more than twenty years in Oman.
If we assume that those old meters have 4% negative crror on average, the foregone
revenue every year would reach 500,000R0; 0.6% of the total revenue.

It is not feasible to check every old meter because a lot of time and moncy are
required. The only viable solution is to replace all old meters with new ones. If
MEW is going to replace 10,000 old meters every year at their expense, annual
budget of 200,000R0O is needed. After five years, the foregone revenue will be fully
recovered. This project, replacing old meters, is strongly recommended because its
Net Present Value (NPV) over the next twenty years is 2.85 million RO. (See Annex
3-3-v)
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Chapter 7

Optimal Promotion Program






7. Opfimal Promotion Program

7-1. Optimal SSM Promotion Program

Recently in Oman, the Muscat and Wadi Jizzi systems have been confronting a shortage of
power supply because of substantial growth in demand for electvicity, especially air-

conditioning. Accordingly, the systems are forced to do load shedding at the summer peak.

During the 1997 summer peak, the Wadi Jizzi system did load shedding 10 times at a
maximum of 50MW. But in 1998, power supply shortages became worse and load shedding

" oceurred almost cveryday. More power supply needs to be secured immediately in

preparation for the next summer.

Measures for coping with this situation, on the supply side, have been considered
resulting in the following discussions.

7-1-1. Measures for Present Situation

(1) Gas Turbine Output Improvement by Water Injection

In_lectmg water directly into the gas turbine (GT) fuel chamber increases output. Injection
water equal to 2.5% of air volume at the compressor inlet provides about 13% increase in
output.

Table 711 Output increase and water tank capacity

Object _l}_rlﬁg ) Output Increase (MW) | Tank Capacity ()
.t Ghubrah PS GT 1~11 29.1 80¢
Rusail PS GT i~6 938 2,200
| Wadi dizzi PS_ GT 3~11 29.1 800

Extra supply capacity can be secured for the 1999 summer peak by completing construction
of water injection system during the 1998 off-peak scason.

Increasing Cutput ; 152 MW
Investment Cost ; 7.33 mil RO
NPV of water injection R 15.4 il RO (1999-2018)

{2) Preventative Counter-Measures against Voltage Swing due to Load Drops
Occasionally, the load has dropped out on long, rural transmission lines during the
summer peak. Examinations concluded that this problem was caused by a shortage of
reactive power, not by a collapse in voltage stability or by reaching transmission limits.
Preventative mcasures call for the immediate installation of static capacitors (SC) to
improve the power factor and increase the voltage of the 132KV transmission system,
The conclusions are as follows.

Table 7-1.2 Problems and Measures for 132KV System

Name . Problems - Measures
Barka S5 33kV Bus 1ow Voltage Install 10MVA SC
Musanna S8 33kV Bus Low Voltage Install 40MVA SC
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Table 7-1-3  Problems and Measuves for 33KV System of Musanna S5

Name - Problems © Measures Remarks
Khaborah fdr-2 Limitof Introduction of -~ ~ | Already planned
: ‘ fransmission | 132kV transmission | (132KV transmission
: _ L line - ]line)

Rustaq-2 §S 11kV Bus . Low Voltage |[Install SMVASC

Sana Bant Gafar 85 11kV Bus | Low Voltage | Install 3MVASC

Suweiq-2 SS tkV Bus Low Voltage | Install BMVASC -

Marvble Factory 85 11kV Bus Low Voltage | Install 3MVASC

Wadi Jawahir 8S 11kV Bus Low Voltage | Install 3MVASC

7-1-2. Securing Mid- Long Term Power Supply and Measures for Cost Reduction
(1) Interconnection between the Muscat System and the Wadi Jizzi System

(DBenefits of interconnection
a. Reduction of spinning reserve
After interconneccting both systems, the spinning reserve, equivalent to the
capacity of the largest unit, can be shared and generation capacity can be reduced.
Also, the total capacity can be reduced due to the diversity of the two systems.

Reduction of gencration capacity ; ‘ 176 MW (2001~2018)
b. Construction investment for the interconnection line
Investment in interconnection line and sub stations; 7.53 mil RO
NPV of net reduction of investment costs 15.29 mil RO(2001~2018)
¢. Reduction of fuel é:_:penses by GT operation at higher efficiency o
With this interconnection, the gas turbines in the Wadi Jizzi system can be
operated at a higher load factor corresponding to the elimination of spinning

reserve. Interconnection also leads to remarkable reductions in fuel expenses.

NPV of reduction of fuel expenses ; : 16.54 mil RO (2001~2018)

NPV of Interconnection ; 30.82 mil RO (1998 price)
Relief power can be interchanged between both systems in case of emergency.

@Timing of Interconnection - - o _ -
Interconnection should be done quickly. But no relief power is available now because
both systems face a shortage of supply power. We recommend to interconnect the two
systems by 2001, when enough power supply can be secured. It is also recommended
to introduce the central load dispatching center at the same time.
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(2) Fuel Cos§ Reduction by Economical Operation and Central Load Dispatching Center

(DReduction of annual fuel expenses by economical load dispatching
The cconomieal operation program has been developed and transferved. I'rineiples of
the operation are summarized below,

a. More efficient base units (Ghubrah PS 12,13 & Rusail S 4~06,1~3) operate at full
output one-by-one to meet the hourly demands.

b. Next to them, peak units (Ghubrah PS 10,11,1~9) operate at higher output as
much as possible, securing a spinning reserve cqual to the capacity of the largest
unit.

Compared with the current operation during a lypical summer day, the Muscat
system can reduce fuel expenses by 3.5% using the economical operation program.

Table 7-1-4 Comparison between economicat and actual operation  {1.8-1997)

: Actual Operation | Economical Operation
Base Units Ghubrah PS(1213) 90 MW 91 MW
Average Qutput Rusail PS  (1~6) 62 69
(MW) Average 69 75
Average Spinning Reserve 201 159
Gas Fuel Cost / Day (1000 OR) 107.4 103.6

Savings of fuel expenses after the introduction of the economical operation program
have been estimated using the load curve for a typical year. The result is as follows:

During the peak season, there is no room to change the operational pattern. Almost
all units operate at full output in order to meet the high loads. The amount of
saving is about 3.5%.

During the off- peak seasons when the load is fairly low or load flucluation is large,
economical operation resuits in a savings of 6~14% because more efficient units
can be selected to work in palallei Average fuel savings per day for one year are
about 7%

@Introductmn of central load dispatching center
The further system capacity increase requires improved supply reliability and more
economical operations. Introducmg a central load dispatching center is recommended
when the system interconnection between the Muscat and Wadi Jizei systems is
completed. Benefits of introducing the central load dispatching center are shown

below: .
Reduction of fuel expenses (7% of gas fuel) 1.8 mil RO/ year
" Investment cost of CLDC 4 mil RO

NPV of central load dispatchingcenter ;. 20.9 mil RO (2001-2018)
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Table 7-1.6  Introduction of Central Load Dispatching Center

. . Piest Step - Second  Step
Timing of At Ihe time of Muscat system and Wadi Future
introduction | Jizzi system interconnection
Central Introduction of demand-and-supply Introduction of the system control program
Load operation program * Automalic frequency control
Dispatching | * Economical load dispatching = Conivol of voltage and reactive power
Center * Power flow monitoring * Fmergency control
Intcoduction of system momtormg panel
{132kV syatem)
Introduction of autematic mcmd keeping
program.
Regional Reinfovcement of vegional control center Introduction of system monitering panel
Control { 33kV system)
Center Introduction of automatic record keeping
progran:.
Introduction of remote switching system
Introduction of automatic recovery
operation system
Others + Organizational set up
* Operater trainiog

7-2. Optima! DSM Promotion Program
(1) Objective of DSM Promotion :
Promotion of DSM is to encourage customels to implement certain power utilization
pattern for rationalizing power consumption pattern. DSM is also desirable to both the
electric utilities and the customers or to the country as a whole. The measures for this
DSM are as follows:

» Reduction of power load through the use of alternative ONCTEY SORICes;
* Load leveling on the customer side(peak cutting, peak shift and bottom up of off

peak load);

+ Introduction of higher-efficiency energy utilization (energy-saving) systems;

‘New tariff system, special contract system and promotion organization (support
organization and subsidy system ete.) are good measures for inducing customers.

{2) DSM Technologles :
Technical measures applicable in Oman for accomphshmg the above-mentioned
objective are as follows:

(DReduction of power load through the use of alternative energy sources (péak cut)
- Gas cooling and photovoltaic power generation.

@oagd Leveling (peak shift)

Ice theérmal storage cooling, ballery energy stmage and demand and supply
adjustment contract {one of tariff contracts).
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@Introduction of energy saving systems

Higher-efficiency appliances(air conditioner), co-generation systemq and thermal
insulation oi'bulldmgs

(3) Specific Promotlon Program

In Oman, the cooling demand accounts for a large percentage ofpower demand. Of the
above mentioned DSM technologies, we mainly cxamined technologies thal have
attained a high level of technical maturity and have been disseminated in foreign
countries in recent years, and technologies for using natural gas and solar light that
are abundant in Oman. In particular, we examined design conditions of the following,
by making case studies of some existing buildings, and assessed economic effects:

P itai o

Morcover, the pfémotion organizations were also studied. The findings are as follows.

(4) Gas Cooling and Co-generation System

Effects of introducing a gas cooling system, using natural gas as energy source, are
expected to be energy conservation and reduction in energy cost at the demand end. At
the supply side, too, improvement of plant factor. and deferral of constructing
generating equipment are expected to reduce electricity supply cost. By these merits,
the systems using natural gas are themes to be coped with. The results concerning the
model buildings show that the gas cooling system would be more economical than the
electrical system in large scale buildings.

However, in Muscat, there are high pressure natural gas supply pipelines only for the
power generation plants and other limited sites. There is neither cily gas supply
nctwork nor a plan for that. Therefore, in order to facilitate gas cooling in Oman, it is
desirable to have a project for developing a town gas supply network in the area where
electricity load density is high; office building districts and shopping centers.

In the Royal Hospital, the economic effect of intreducing gas cooling through co-
generation is large. In addition, the hospital is located very close (less than 1 km away)
to the existing high pressure natural gas pipetine. Hence, the introduction of gas
cooling system is easy to be introduced, and it is desirable to promote the project of
Royal Hospital prior to the development of the town gas supply network Proposed
finanecing plan, only for gas supply, is as follows

- Construction of a gas line from a high pressure gas pipeline branch station to Royal
Hospital: 60,000 RO {budge of Royal Hospital)

- Construction of the high pressure gas pipeline branch statlon 1,500,000 RO ~
1,900,000 RO (hudge of MOG)
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{5) lce Thermal Storage Cooling System
Through load leveling by the introduction of ice thermal storage ceoling systems,
construction ‘of new power supply facilities can be controlled. At the same time, the
capacities of power receiving facilities can be reduced. IF the TOU tariff is introduced,
customcrs can take advantage of inexpensive electricity during off-peak period.

The results of cconomlc evalmtmn are as follows.

Case 1: The construction costs per kW of a gas turbine is subsidized by MEW for
rewarding power (kW) reduction.

Case 2: L.oad leveling operation is conducted, and as for the rate for ice thermal storage
operation, the time of use (I'QU) rate system is applied. In both cases, the NPV were
slightly negative and they were not economically feasible. The reason for this economic
difficully with the ice thermal storage cooling system is as follows.

The load fluctuation is about 68 % between the peak period and the off-peak period of
summer, It is not very large. Both the peak period and the off-peak period occur twice a
day, and the resulting load fluctuation is complicated. As a result, the period of ice
thermal storage operation for making ice is limited. In Case 2 where the TOU rates
system is introduced, the period of ice thermal storage operation was assumed to be
eight howrs. Censiderable efforts are needed for proper operation management.
Furthermore, the construction cost of gas turbine power plant is as low as 160 RO per
kW. The electricity rate is also low. Hence potential measures for promoting the ice
thermat storage cooling system are limited.

Promeotion program

As described above, it is concluded that the introduction of ice thermal storage cooling
system is not economically feasible at the moment. However, the results in Case 2 are
very delicate. Depending on prometional measures, Case 2 may become feasible in the
future. It is recommended, thercfore, to reconsider the implementation plan in the
future when etectricity tariff is revised and other policy measure are preparved for load
leveling.

(6) Photovoltaic System
Generally the daily lead peak occur during the period of maximum output of
photoveltaic system. Hence, it is possible to achieve load leveling through photovoltaic
(peak shaving). Furthermore, fossil fuels is substituted by energy of solar radiation, a
renewable energy source. Energy rescurces available on earth can be saved.

The results of econemic analysis as follows,

Wlth the current cost level of 3,000 RO/KW, photovoltaic system is not cconomical. Even
when the construction cost is lowered to 500~800 RO/kW, which is the target for the
near future, the investment cannot be recovered from electricity cost saving alone.
However, in case of long and expensive distribution line is needed for rural
electrification, off-grid photovoltaic system may be economical. For the present, if the
diffusion of photovoltaic systems is to be promoted as measures for environmental
protection, it will be necessary to grant a considerable amount of subsidies.

ti ' i

Early introduction of the photovoltaic systems in cities is unjustifiable and unadvisable.
We, therefore, propose the following policy of introduction,
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+ As for intvoduction of photovoltaic systems in near future, rural electrification may
provide an epportunity. if a long-distance distribution line is required relative to the

scale of the demand, the cost will be higher. In such a ease, photovoltaic systems may
be used.

* In the distant future, the construction costs of photovoltaic system will be reduced.
snvironmental benefits will be added. At that time, introduction of photovoliaic
systems may become feasible even in cities. Hence, the diffusion of photoveltaic

systems in electrified areas for the sake of energy conservation and environmental
conservation should be studied continuously.

{7) Organization for DSM Promotion Program
To facilitate and accelerate individual DSM promeotion program with the objective of
optimal DSM prometion, an organization dedicated to promote DSM is necessary. The
more DSM is implemented, the more the whole country benefits. The point is how to

educate consumers and provide incentives. The organization will play a major role in
public relations, eduecation and consulting.
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Policy Recommendations






8. Policy Recom mendations

'The stable supply of eleetricity is essential to industrial development and better life in
every counfry. In Oman, electricity consumption is expected to grow by 5% annually

“due to the strong and growing economy. Investments in power generation and

- transmission should be made continuously without interruption. There ave, however,
some problems in the clectricity supply. such as shortage of generation and
transmission capacity, and revenue shortfall, which neced to be resolved as soon as
possible. With a fundamental understanding on the importance of electricity supply for
the future development of Oman, MEW is recommended to implement the following
plans and programs to improve both demand and supply of clectricity.

(1) Power Development Plan
The power development plan should be disclosed to the public. It should be revised
annually considering the demand growth and big development projects. The plan
serves as a basis for investments which must be made in a timely manuner to sccure
cnough capacity. At the same time, private investment projects will be accelerated
because the prospects of clectricity supply, which is an important factor in large-
scale industrial projects, would become clear.

{2) Energy Conservation Center

Among DSM measures to curtail clectricity demand for air conditioning, energy
conservation cannot be ignored. Moreover, it is the only item which can be started
immediately, The ideas for encrgy conscrvation include not only raising room
temperature, but alse some technical measures such as improving efliciency of
equipment by providing adequate maintenance or replacing old units. These
measures, if applied nationwide, would significantly contribute to the electricity
supply by cutting down peak demand. In order to undertake the measures, an
organization which specializes in educating the public and also in providing the
technical services. At the same time, this organization should oversee some mid-
term issues such as gas cooling or ice thermal storage.

(3)Cost Reduction Effort
In the long run, raising clectricity tariff would be inevitable. It is, however,
important to make wtmost efforts on cost reduction. For this, the consciousness on
costs should be stressed among the people working for the electricity service.
Furthermore, it is advisable to introduce incentive measures to operators and other
related entitics to reward them when they generate ideas and achieve significant
cost reduction.

(4)Building Database
It is necessary to monitor actual electricily consumption at many sample customers
to accumulate data for tariff reform and DSM promotion. By using such a database,
it would become possible to develop concrete programs and also te make an
assessment on their effects.

{S)Technicat Training : _ _
Development of technical capabilities within MEW is important to reduce reliance
on outside consultants. With sufficient technical knowledge, MEW staff can make
decisions very quickly. Overseas technical training program may be cifective as a

165



short-time capacity development.

(6) Comgprehensive Energy Planning
Coordination between electricity and natural gas is important to achieve “Best Mix”
in comprehensive energy planning in Oman. For example, district cooling system or
co-generation, which use natural gas directly, is more efficient, and hence, such
projects should be promoted where feasible. To facilitate these projects, it is
strongly recommended that MEW and MOG (Ministry of Qil and Gas) regularly
discuss on various energy issues,
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9, Eleclrlc Power Ana!ysis P:ograms

9-1 Oulline of Technology Transfer

Technology transfer of computer programs that are useful in mtmnalmng demand supply
operation is considered to have great merits for the counterpart because these programs
can be used directly in developing their power equipment plan. We, therefore, made
technology transfer of three kinds of programs for load flow calculation, system fault
calculation and demand and supply operation, that can be directly used in solving various
problems of demand and supply of electric power. As for the actual contents of the transfer
work, programs, input data, instruction manuals, ete. were developed in Japan. These
programs and data were designed to run on the computer systems of the counterpart. We
installed these programs in Oman ‘and gave guidanee on the operating methods. In
response to the requests of the counterpart, we improved the programs and added some
functions to them. In the following, the technology transfer will be outlined.

(1) Programs Transferred
® load flow calculation program
The program analyzes power flows, voltages, ctc. in an clectric power system, and
provides data essential to planning of substation facilities and transmission lines.

@ System fault calculation program
The program analyzes currents, voltages, etc. in case of a fault. Such data are
indispensable in system operation when the scale of the system gets lavge.

@ Demand and supply operation program -
The program is used to determine an economical operation pattern of power
generating facilities,

(2) Preparatory Work in Japan
(D Load flow calculation program
+ Development of an analytical program (Fnglish version).
+ Development of an instruction manual (English version).
« Development of a program installation procedure (English version).
+ Development of data on power systems (Muscat, Wadi Jizzi System).

@ System fault calculation program
+ Development of an analytical program (English version).
+ Development of an instruction manual (Knglish version).
- Development of a program instailation procedure (English version).
+ Development of sample data for analysis.

(3 Demand and supply operation program
Development of a program for determining optimal operation patterns of power
generating facilities and calculating costs.
{The program can calculate costs of actual operation patterns.)

{3) Counterparts :

(D Ministry of Electricity and Water - Transmission & Control Section
@ : n ' Planning Section

&) ¥ : . Control Center
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(4) Work in Oman
@ Load flow calculation program :
Formats of input and output data of the analyhcal plogram and its method of use
were explained. :

Instruction was provided about effectwc use of the program by takmg an example of
developing a P-V curve of Musanna SS.

@ System fault calculation program

Formats of input and ouiput data of the analytmal plogram and its method of use

were explained. :
Instruction was provided about effectwe use ofthe program by using sample data

@ Demand and supply operation program
Methods of cost calculation for optimal operatton and actual operation were
explamed :

* The algorithm of determining an optimal operatmn pattern was explamed

* The overall accuracy of the program was verified.

+ Upon the requests of the control center, the program was 1mproved as follows:

a. As the output of a power generating facility change with atmospheric
temperature, the program was 1mproved so that atmosphenc temperature can
be specified.

b. The lowest output of a power generating facility was changed to 40 % of the
rated output_ ‘

¢. The number of startup and shutdown of a power generating facility was limited
to once a day each. : .

d. The program was improved so thal the shortest shutdown penod of a power
generating facility can be specified freely.

c. The order of parallel operation of the power generating facilities were changed
to the conditions specific to the respective power stations.

f. The program was improved so that it can cope with addition of power
generating facilities in future. :

g. Demand forecasting functions were added to the program.

Picture 9-1-1 Trammg {)essmn MEW)
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9-2, Load Fiow Calculation Program

9-2-1, Purpose of Load Flow Calculation

Klectric power that are generated in many power stations is supphed to the customers via
transmission lines, subshtlons*. dlstrlbutmn lines, cte. A system ‘that controls the train of
these processes is called an clecirie power system. Calculatmn of power flows through the
respective transmission lines and transformers and \o]tagcs at various points is called load
flow calculation. Load flow ¢ alculahon is requived in examining the operating method ef an
electric power system when a change occurred in the load, generated output, state of
operation of transmission line, ete. of the system, and in planning for new power station,
transmission line, substation, etc. of a system of the future.

9-2.2. Input & Output Data of Load Flow Calculation
The following data are requived for load flow calculation.

Klectric power system diagrams that indicate how electric power facilities such as
generators, iransformers and loads arve connected with cach other. The electric power
system diagrams arve comprised of “branch" that indicate state of connections of
transformers and transmission lines and  “node” that indicate conneeting points of
hranches such as substation buses. The vespective elements of the system arve treated
by assigning numbers to them,

‘Tables of equipment constants that indicate impedances, admittances, tap ratios, etc.
of transmission liens and transformers. They are expressed in per-unit method (pu)
in many cases.

Data that givé :oberating conditions of the clectric power sys.tem, such as oufputs and
target vollages of generators, active and reactive powers of loads, and capacity of
reactive power supply equipment.

To ensure the reliability of analytical results of load flow calculation and any other
analyses, it is cssential to have accurate basic data. Henee it is desirable to control
accurate data in a centralized manner.

load flow caleulation reveals, for example, active and reactive powers that flow in
transmission lines and transformers, active and reactive powers of loads, values and phase
angles of voltages and transmission loss of the entire power system. An example of input
data and output data for load flow calculation is shown in Table 9-2-1.  For example, as for
the power station bus, when the active powers and voltages of generators are inputlted,
reactive powers and phase angles of voltages will be determined.
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Table 9-2-1 Example of Input and Output Data for Load Flow Calculation

‘ . . + Active waer * Reactive Power‘
Power Station BUS 1 yiitage |- Phase Angle of Voltage
L 1. Activé Power _ Voltage
Substatmn (Load) BUS Reactive Power ‘ * Phase Angte ofVoltage '\
* Power System Piagram * Active Power
Transmission Line * Impedance * Reactive Power
n * Tap-Ratio of Transformer * Transmission Current
ete. * Transmission Loss

9-2-3. Procedure of Load Flow Calculation _ _ o

When the input data that were described in 9.2.2 are completed, load flow caleulation can

be made by following the flowchart of Figure 9-2-1. Here the procedure of load flow

calculation will be descnbed briefly by taking an example, examination of measures

concerning voltages in ‘Muscat system. First, its electric power system diagram is

developed (Figure 9-2-2). The diagram shows the configuration of the system, such as I
generators, substation buses, loads, transmission lines and transformers. All the b
components in the system diagram are numbered to avoid duplication.
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—{ Devekopment of nput Data ]l

* Eleciric Power System Diagram

* Ned: Dala (BUS)
Node number Active and reactive power of generator and load,
Value and phase angle of vohage,Reactn e power supply
equipment, Node name

» Branch Data {Transmission Line, Transformer)
Branch numbes, Connecled node mumber, The number of Fines,
Tap ulio,!mpcdancc,ﬁlauch pame

L

—I Run of ngra-mﬁj - ¥

* Load Flow Cakulaticn Program {PC Edition)
When vsers designase Input file names apd output file names and press
_ The execetion Button with the mouse, (he load fow caloulation grogram

w i automatically caecule,

"" Verifiation of Reselts I[ )
= Node Dala

Active and reactive power of generator and load, Value and
phase angle of voltage
* Branch Daia

Active and reactive power fow

—{ Assessmenl of Resuhs_;

* Whether node voltages are within the larget ranges ?
* Whether bansmitted powers are’t excessive ?
* Draw P-¥ Curve

Figure.9-2-1 Flowchart of Load Flow Calclation
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Figure.9-2-2 Electric Power System Diagram of Muscat System

Next, from the system diagram and the table of equipment constants, are prepared electric
power system data or input data for the load flow calculation program (Figure. 9-2-3). The
first half of the input data is the node data, and the latter half is the branch data. The
elements or components are identified by numbers given when the system diagram was
developed. In the node data, active and reactive powers of generators, active and reactive
powers of loads, voltages, reactive power supply equipment, etc. are inputted. In the
branch data, impedances, tap ratios of fransmission lines and transformers are inputted,
In the example of Figure. 9-2-3, an SC of 20 MVA is connected to 2 33 kV bus of Musanna
SS.

When the input date are completed, next step is to run the load flow calculation program.
The load flow calculation program runs on Microsoft Windows. When users designate input
file names and output file names and press the execution button with the mouse, the
program will automatically execute the load flow caleulation. And the results will be
written in the output files,

‘The voltage values and phase angles of all the nodes, flows of the active powers and
reactive powers of alt the branches are outputted in the output files {Figure. 9-2-4). By
checking these values, one can assess whether node voltages are within the target ranges,
whether transmitted powers are excessive, etc. In the present case, the voltage of the 132
kV bus of Musanna S8 is 0.926 pu. If the lower limit of the target is 0.95 pu, it is lower by
about 2.5 %.

Then the SC capacnty of the 33 kV bus of Musanna S8 is increased to 40 MVA and the load
flow calculation is exccuted again, the voltage of the 132 kV bus of Musanna SS will
become 0.948 pu (Figure. 9-2-5). This shows that to keep the voltage of the 132 kV bus of
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Musanna SS within the target range, it is nccessary lo install an SC of 40 MVA or over on
the 33 kV bus.

In this way, P-V curves can be drawn by changing conditions and repeating the flow load
calculation (Figure. 9-2-6).  One can instantly read out from the P-V curves a voliage drop
when a load is increased, a capacity ‘of an SC required to maintain the voltage, ete. Thus
P-V curves can be used in operating the facilities and in developing a future plan.
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Figure.9-2-3 lnpﬁt Data of Load Flow Calculation Program
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Figure. 9-2-4 Output Data of Load Flow Calculation Program
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9-3. System Fault Calculaﬂon Program

9-3-1. Applications of System Fault Calculaﬂon

Various faults, such as single line-to-ground fault and line-to-line short cireuit, may take
place on transmission lines and in power stations and substations, Systcm faunlt calculation
determines voltages and currents at a fault point and other points in the eleciric power
system. The voltages and currents determined by system fault calculation are used
extensively in assessing breaking capacities of circuit breakers, overvoltages and over

currents on transmission lines and transformers, and induced voltages on adjacent
communpication lines.

9-3-2. Input and Output Data of System Fauit Calculation :

The input data are highly similar to those of load flow calculation. As system fault
calculation covers unbalanced faults in its scope, it is necessary to input impedances such
as line constants as values of symmetrical components. The program is designed so that, to
suit the purpose of analysis, mutual induction impedances of lines can be considered.
Naturally, fault points and kinds of faults must be inputted in detail.

System faull calculation reveals voltages, currents and phase angles at various points of
the system as well as the voltage and current at the fault point.

9-3-3. Procedure of System Faull Calculation

The procedure of system fault calculation is also similar to that of load flow calculation;
development and modification of input data — run of system fault calculation program —
verification and assessment of results, The conditions are modified whenever needed and
the program is run repeatedly (Figure. 9-3-1).

—l BDevelopmeal of Input Data !

* Elechi Power System Diagram
* Mode Data
= Branch Data (Symmetrical Components)

A

« Fault Condition (Fault Poim. Kinds of Fault)

1
—{ Runof Program } )

* Sysiem Faulr Cakulation Program (FC Edition)

4

—i Assessmem of Rcsurls—lﬁ

* Vohage and Current at Fault Poimt

* Voltage and Corrent at Various Points of the System

‘.

Figure.8-3-1 Flowchart of System Fﬁult Calculation
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9-4. Demand and Supply Operatibn Program

9-4- 1 What is Economical Operation?

Economical operation sceks to minimize the annual fuel cost of an clcctnc power system by
adjusting outputs of many power generating facilities in the system to meet constantly
changing power demand. It is based on economlca‘k load dispatching, In economical load
dispatching, unit cost of power generating facility and costs of startup and shutdown of
every individual power gencratmg facility and other restraints are considered, and the
number of power generating facilities to run in parallel and their respective outputs are
determined so as to minimize the total cost.

9-4-2 Factors In Determlnlng Economical Operation

(1) Fuel Costs of Power Generating Facllitles
Fuel cost varies significantly from facility to facility, depending on the kingd of fuel, the
Lype of power generating fac:hty, etc. Bvery power generating facility is designed to
operate most efficiently at the rated output. The smaller the output, the lower the
efﬁcwncy The relationship of cutput and fuel cost of a typieal gas turbine power
generating facilily used in Oman is shown in Figure. 9-4-1. In the diagram, fuel cost
is 1 when the output is the rated one. Then, when the output is 70 %, the fuel cost is
about 1.12, When the output is 50 %, the cost is 1.25. It is characterized in that as the
output gets smaller, the fuel cost increases exponentially. Thus when cach power
generating facility is opevated at the rated load rather than at a partial load, the fuel
cost can be economized. In general, power generating facilitics of higher efficiencies are
constantly operated at their rated outputs to meet the base loads. And facilities of lower
efficiencies are operated only during time zones of larger demand to meet peak loads.
In this way, the total fuel cost is saved.

o R, S
g Rated Quipwt
3
[ P DU PR—— ’\l_"’—:—‘-—-—“ e
0.3 - —= - -
0 —
0 02 04 0.6 08 1 12

Ouipul
Figure.9-4-l Relationship of Output and Fuel Cost
{2) Spinning Resewe

An estimation of power demand that changes all the time inevitably has an error of
some size. Moreover, it is necessary to have a supply capablhty that is greater than the
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estimated demand so that power is stably’ supphcd even lfa fault is generated on a
power generating facility. The difference between the supply capability and the demand
is called spinning veserve. It is necessary to have such a spinning reserve that the load
dispatching center can instantly i increase the output by using, for example, a remaining
capacity of a power generating facnhty that is operating at a partial load. However, it

should be noted that failure of many power generating fac:htles at the same time is _

quite rare, and the greater is the spinning reserve, the greatcr is the cost. In Oman, it
is a normal practice to have a spinning reserve that is equivalent to the output of the

largest power generating facility among the power generating facilities in parallel
operation,

(3) Stanup and Shutdown of Power Generatlng Faciiity
If a power generating facility is shut down once, an ¢xtra amount of fuel is needed to
restart the power genemtmg facility. Hence, if the time from the shutdown to the
restartup is short, the cost may be greater than that of continuous operation. Moreover,
startup and shutdown of a power generating facility reduces the lifetime of the facility.
it, therefore, is necessary to determine the number of startup and Shutdown per day by
considering this consumption of lifetime,

9-4-3. Economical Load Dispatching

The flowchart of economical load dispatching of power generating facilities is shown in
Figure, 9- 4- 2. First, the calculation coﬂditions are determined. They include the 24 hour
load curve, power generating facilities that can be operated in parallel and their rated
outputs and fuel efficiencies, atmospheric temperature, shortest shutdown . periods of
power generating facilitics. As the maximum output of each power generating facility
changes in proportion to the atmospheric temperature from season to season, it is
necessary to correct the maxinmum output for temperature (Figure. 9-4-3).

Next, power generating facilities to be operated in parallel with each other are selected.
Power generating facilities for parallel operation are selected in order of decreasing
efficiency. This step is repeated till the total of outputs of the facilities selected exceeds the
sum of demand and the spinning reserve. Here, the spinning reserve is defined as the
output of the largest generating facility selected. This calculation is repeated to determine
hourly sets of generating facilities for parallel operation for 24 hours,

Next, the status of startup and shutdewn of every generating facility is checked. If the
number of starlup and shutdown is twice or aver per day, the second and further startup
and shutdown will be cancelled to operate the facility continuously. I the shutdown time of
a generating facility to be shut down is shorter than an initially specified minimum time,

the operation is continued to minimize lifetime consumption of the generating facility and
cost increase.

When power generating facilities for parallel operalion are selected, finally the oulputs of
the respective generating facilities are determined. As shown in Figure. 9-4-4, dutputs of
the generaling facilities, starting from 100 %, are set in order of decreasing efficiency.
Generating facilities of lower efficiency must be operated at least 40 % of the rated output.

Outputs of intermediate generating facilities are adjusted so that the total output of the -

generating facilities meet the demand. In the actual calculation, all the generating
facilities are operated at 40 % of their ratings. Next, the outputs of the generating facilities
are increased in decreasing order of efficiency to balance the demand and supply. In this
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way, economical load dispatching of generating facilitics is determined. The following two
restraints were set to meet the vequirements of the counterpart:

» The nwmber of startup and shutdown of every generating facility is once a day
The minimumn output of every generating facility is 40 % of the vating

When the outputs of the respective generating facilities are determined, the tofatl fuel cost
can be calculated from fuel efficiencies, unit costs of fuels, ete,

[Calcuialion Condition}
* 24 Hour Load Curve
* Power Generation Facilitics, Rated Oulput, Efficiencies
* Atmaospheric Temperatuea
* Shortest Shutdown Periods

!

Correct the Maximum Ouiput for Atmaspheric Temperature

— 2
Y { Repeat for 24 Heur I—\

Determine the Facitities to be operated

Demaod + Spinning Reserve = Total Quiput
(Spinning Rescrve = Qutput of the lasgest Facility)

'

The Number of Stastup and Shutdown is once a day

Shutdown Time is Longer than Minimum Time

N
_/

180% Qutput : High Efficicncy Facilities

I | Demand = ol Output
— : ADIUST
Least 40 % Output : Low Efficiency Facilitie

for Spinning Reserve :

k J
Calculate the Total Fuel Cost

‘Figure.ﬂ-cl—lz Flowchart of Economical Load Dispatching
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Figure.9-4-4  Determination of the Quiputs of Generating Facilities
9-4-4. Demand Forecasting

To make an operation plan of the generating facilities, it is necessary to forecast demands
for 24 hours. The daily electricity demand varies significantly with day of week, weather,

atmospheric temperature, humidity, ete. It is a general practice to forecast the demand by

adjusting past records of power demand for these factors. Proper treatment of these
meteorological factors, hawever, requires many know-hows that can be derived only from
accumulation of actual records of the area over many years and analyses of such data. It is
not easy to develop a mode! of high overall accuracy. The flowchart of the most basic
demand forecasting is shown in Figure, 9-4-5. First, the date of the day to be forecasted and
the forccasted peak demand of the day ‘are inputtéd. The forecasted peak demand of the
day are determined by consndermg factors such as the meteomloglcal factors. Next, a day,
that is considered to be most appropriate, is selected as a reference day from, for example,

the same day of the preceding year, the same day of the preceding week and the preceding

day. The demand curve of the sclected reference day is taken out of the actual demand
database that has been inpuited in advance. Fmally, the demand curve of the reference day
is corrected so that the peak value of the demand curve coincides with the forecasted peak
value of the forecasted day. The resulting curve is the demand curve of the forecasted day.
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One examplo of demand forecasting is shown in Figuve. 9-1-6. This method is relatively
simple and easy to understand, and is a practical method. The method fully satisfies the
accuracy of forecasting that is practiced daily in Oman.

Forecast Date Peak Demand of Forecast Day

Reference Date

Load Curve of Refecence Day 4—?—' Actual Demand Database J

<ll-
l

1
Load Curve of Forecast Day

Figure.9-4-5 Flowchart of the Basic Demand Forecasting
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Figure.9-4-6 Example of the Pemand Forecasting

9-4-5. Calculation Procedure of Demand and Supply Operation Program

The calculation flowchart of the demand and supply operation program is shown in Figure.
9.4-7. The. dem'and and supply operation program is a combination of the demand
forecasting program and the economical load dispatching program. When three items,
namely, the date and a forecasted peak demand of a forecasted day and particulars of
power generating facilities that can be operated in parallel, are inputted, the program will
automatically calculate the demand curve, output of the respective generating facilities,

cost, ete. and display them visually with tables and graphs. If the automatic calculation

does nol provide a satisfactory result, then the reference date, 24-hour demand curve,
atmospheric temperature, spinning reserve, etc. ofthe demand forecasting can be modified.

181



When all the parlicutars of load dispatching of the generating facilities are inputted, costs
of actual operation can be calculated by the program. The screen configuration and an
example of caleulation of the demand and supply operation program are shewn in Figure.

9-4-8.

Fotecast Date

Peak Demand of Forecast Day

Y

I Load Curve of Forecast daﬂ

T
L

| Economical Load Dispatching

Power Generating Facilitics

!

Total Cost l Actual Cost : Input Actual Operation

Demand Forecast

Economical
Load Dispatching

Figure9-4-7 Flowchart of Demand and Supply Operation Program
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Planning(2010-2020)

Wadi Jizzi System Maximum Demand Balance & Generation Expansion
Planning(2010- -2020)
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Voltage Power Flow of Interconnection Line

Simulation Waveforms(Exclude Barka IS)
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Introduction of a Central Load Dispatching Center

Efficiency, Exhaust Temperature and Flow Correction for Part Load
Operatnon(fo: 100% use £.0)

General Electric Model PGG6541(B) Gas Turbine Estlmated Performance
Output Heat Rate, Consumption Exhaust Flow and Exhaust Temperature at
100% Speed '

Turbine Output Efficiency, Exhaust Flow and ’l‘emperature Correction for
Water of Steam Injection with Natural Gas Fuel

Geological Map of Muscat Area

Hydraulic Profile

Cross Section of Power House

Load Curve of Transmission Lines

Load Curve of Transformer

Load Curve of 33kV Feeder

Load Curve of 33kV Feeder

Load Curve of 11kV Feeder

ioad Curve of 11kV Feeder

General Weather Conditions at Muscat in Oman

Location of the Buildings/Facilities in Capital Area Muscat, Oman
High-Pressure Natural Gas Transmission Pipelines in Oman

Schematic Diagram of Propoqed Cooling System using NG for Royal Hospxta]
Schematic Diagram of Proposed Gias Cooling System using NG for Al Falaj
Hotel

Peak Cut Operation Mode — Royal Hospital ’

Power Consumption by Peak Cut Operation ~ Royal Hospital

f.oad Leveling Operation Mode(8 Hour Ice Making) — Royal Hospital

Power Consumption by Load Leveling Operation — Royal Hospital '
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The Study on Pemand Suppiy Management for Power Sector

JICA Final Report In the Sultanate of Oman
2-2-0 Diversity of Muscat & Wadi Jizzi System (1596)
Muscat Wadi Jizzi Muscat tWadi Jizzi
Mus 5-§ 2-§  |Wadt 5-6 5-8 MW 5-8 [MtW 2-8 [M5-6:W2-§

- H 880 830 222 260 1102 1090 1140
2 455 832 226 256 1081 1088 1111
3 840 788 211 251 10517 1039 1081
4 817 805 208 242 1025 1052 1064
5 156 186 117 232 933 1018 988
g 685 125 142 190 827 915 8195

7 681 104 132 172 813 316 853

8 119 108 138 154 355 372 883

9 29 120 134 162 363 482 851
12 712 740 138 164 850 904 816
11 755 162 148 172 503 934 927
12 806 182 160 181 986 463 987
13 g1} 813 188 194 1088 1001 16N
14 945 356 231 241 1176 1107 1186
15 586 869 2317 265 1223 1134 1251
16 945 845 228 254 1§13 1099 1199
11 342 115 181 183 1023 958 102%
{8 137 616 146 144 883 820 881
1% 124 838 143 151 861 838 87%
20 189 181 169 192 958 913 981
21 425 921 199 220 1024 1047 1043
22 886 874 223 248 $108 1122 1134
23 890 379 243 261 1133 1140 1151
24 809 890 244 256 1143 1146 1195

1400 i
!
1200 |-— R
T
R4
lm i \\\\ L
~d T \3
800 | — ot t\\
z \»._,
= R e
600 IR AN S S
i
m - UL RSP Y
200 ,‘:,_.“I‘*::»::T::;:::
0

Diversity Factor ; {988+256)/1223=1.02

Coincidence Factor,  1/1.02=0913

Actual Maximun Loed Curve of Muscat & Wadi Jizzi System {12985)
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The Study on Demand Suppiy Management {or Power Sector

JICA Final Report In the Sultanate of Oman
2-2-d(2) Difference of Generation Expansion By Interconnection
{Muscat & Wadi Jizz2i System)
Year | Muscat | Wadi Jizzf Isclat. fisolat.Sum| Inter. tinterSum| Differece
1998 Q 0 0 0 0 Q 0
1999 217 89.1 306.1 306.1 306.1 306.1 0
2000 188.2 30 218.2 5243 218.2 5243 0
2001 94.1 0 44.1 6§5.4 94.1 6184 0
2002 94.1 30 124.1 7425 94.1 125 30
2003 $35.7 0 135.7 §78.2 41.6 7944 12441
2004 83.2 30 113.2 9914 83.2 8373 154.1
2005 0 0 0 991 4 94.1 931.4 60
2006 94.1 30 124.1 11155 94.1 10255 90
20017 94.1 12.2 106.3 12218 16.3 1101.8 120
2008 10.8 12.2 23 12448 87.1 11889 559
2009 50.9 12.2 63.1 1307.9 331 1222 859
2010 104.9 2.1 107 14148 77 1299 115.9
Difference of Generation Expansion by Interconnection
1600
1400 |
1200 |
x oo | —isolat.Sum
= ; —— Inter.Sum |
600 - B
400 !
200 |
0 L 1y - Lt P |
2859883885882
$ 3888888828 ¢8¢288%
Year
Generation Expansion of {solated & Interconnected Case
300 » T
250 |
= 200 s iD lsolat.g
= 150 | |01 Inter. |
100 ! ? [L m ‘
0 i. = 5 d L - ! : L. . L i = ' ‘ nj .
» [ T ol N ™ = D © M~ 9 @B O
Year




JICA Final Report

In the Sultanate of Oman

The Study on Demand Supply Management for Power Sector

1l

2'2'd(3) Saving Investment Gost of Generation Expansion by Interconnection
{1998 ~2010)
Generation Expansion Investment(1000 RQ) Present Value{1000 RO)
Year] Isolated] Interconn]Difference] Isolated [ Interconn] tsolated | InterconniCoefficient
1998 0 0] 0 0 0 - 0 0 :
1099 306.1 306.1 0 34500 34500] 319451 31945 | '092593|
2000 218.2 2182 0 666G] - 6660] - B710| ‘6710 085734
2001 94.1 94.1 0 13850 13850 10995 10995 0.749383
2002 124.1 94.1 30 20510 13850 15075 10130 $.13503
2003 135.7 41.6 94.1 27700 13850] - 188bH2 9426 068058
2004 113.2 83.2 30 34360 21100] 21653 7456 (.63017]
2005 ) 94.1 -94.1 0 13850 0 8081 058349
2006 124.1 94.1 30 20510 13850 11081 7483 0.54027
2007 106.3 7163 30 20510 13850 10260 6928 8.50025
2008 23 87.1 —G4.1 20510 27700 9500 12830 0.46319
2009 §3.1 J33.1 30 34360 27100 14736 11880 42888
2010 107 17 30 34360 27700 13645 11000 0.39711
Total 163451 | 143514
GT Investment Cost
‘ Difference 19,538%1000 RO
Frame® (34 1MW) : 13,850,000 RO
(J0MW} 6,660,000 RO
2-2-e

Saved Fuel Gost for 10Years

{2001~ 201Q) (1000R0)

Year{Sav. F.C |Coefficie. |Pre Value
1998 0 1 00
1999 0l 092593 0.0
2000 0] 0.85734 0.0
2001 14921 0.79383| 11844
2002 1508 0.23503F 11452
2003 1625] 068058} 11059
2004 1697] 0.63017] 10656
2005 1761 058349 10275
2006 1826] 054027 986.5
2007 1891] 0.50025 9460
2008 1956} 0.46319 908.0
2009 20221 0.42888 867.2
2010 20031 038711 831.2
Total 100855

{nterconnection at year 2001

Saved Fusl Cost of 1997 ; 7,988,000 0

Growth Rate of Power Demands
in Wadi Jizzi System;
Saved Fuel Cost for 10 Years ; 10,065%1000 RO

5.0% /Year

439 =1,110+1000 RO
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