16.3.2

Metering and billing are contracted to a company, which in turn charges the costs to
the Government. The charge is not a fixed rate, and it is not subject to the number of
accounts, but to the total amount of the bills collected. For this reason, it may be
appropriate to clélssify metering and billing costs as energy costs rather than as

customer COSts.

It must be clearly noted that the prices of the Project's outputs will cover the
investment costs for generation/production and transmission facilitics as well as the
costs for the operation of generation/production facilities.4 This conversely means
that the prices are those at the end of "the transmission lines" that the Project plans to

build, and are not prices at the consumer-end.
Marginal Capacity and Energy Costs for Electricity

The Project (Alternative 2) envisions the instaliments of twelve 96 MW gas turbine
units and six 100 MW steam turbine units in the form of a combined cycle, and one
96 MW gas turbine in-the form of an open cycle, in four stages. During the thirteen
years between 1998 and 2010, a total capacity of 1,848 MW will be installed by the

Project. :
(2) Marginal capacity costs for generation

The LRMC of generating capacity (LRMCq ) is defined as the additional cost
rcq'uircd (to the long-run total cost), when one more kilowatt power is
generated. It, to be more specific, is the investment cost required to meet a
kilowatt increment in peak load demand at thc busbars. The cost must also
cover reserve margin and loss at the power station. LRMCg ¢ is calculated by

the following formula:
LRMCq ¢ = (annuitized cost per kilowatt) (1+RM%)/(1-Lsu%)
where

RM: = Reserve margin
- Lsu: Loss due to station use

4 Chiefly because data and information concerning the operating costs of transmission facilitics are not
sufficient or complete, those costs are not included in the Project inputs’ costs or oulputs' prices.
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Anﬁui{ized cost is defined as the annual payment by installments over the life of
the property invested. In computing the annuitized cost, an annulty factor is
applied which is designed to convert a present lump- sum amount into a series of
future cash flows (installments). The computation of the factor is made by the
following formula:

P

1
Loy
where

iz annual discount rate

n;  year (life expectancy)

Investments for generation capacity include gas turbines, steam turbines, and
civil-wdrk improvements, for each of which the annuitized cost needs to be
computed. We assume the life expectancies of both gas turbines and steam
turbines at 20 years.. The investment costs of each gas turbine unit (96 MW)
and steam turbine unit (100 MW) are estimated at 19,656 thousand R.O.,
32,637 thousand R.O., respectively.> With an assumed opportunity cost of
cap.ital (or discount rate) of 8%, the annuitized costs are calculated at:6

Gas turbine: 20.4 million R.O. x 0.101852

= 2.08 million R.Q. per year ('for 20 years) .
Steam turbine: 36.65 million R.O. x 0.101852

il

3.73 million R.O. per year (for 20 years)

The costs for civil works need to be apportioned to the power and water
divisions as their additional generation/production capacity costs, We allocate
the costs based firstly on the purposes of the inputs (i.e., whether they are for
power generation or for water production) and secondly on the comparative size
of the total capacity costs of the two divisions. As shown in Chaptér 15 in this
report, it is determined that the power division takes 20,15 million R.O.
(including 6.13 million R.O. for foreign currency costs and 13.92 million R.O.-
for local currency costs), and the water division 19.94 million R.O. (including
6.35 million R.O. for foreign and 13.59 million for local currency costs).”

The costs for foundations and power houses are distributed evenly over the nineteen generators and are
included in the unit costs, _ :

Since local currency costs are not significant, all the costs are treated as foreign currency costs.

The share of the water division does not cover foundations of desalination equipment, which will be
mcluded in the desalination unit.
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We assume that the average life expectancy of the improvements of civil works
is 30 years. The annuitized costs allocated to the power and water divisions are

thus as. follows:
Power division;

Foreign currency costs (FC) 6.13 million R.O. x 00888

0.54 million R.O. pér year (for 30 years)
Local currency costs (LLC) 13.92 million R.O. x 0.0888 _
1.24 million R.O. per year (for 30 years)

li

il

Water division:

FC 6.35 million R.Q. x (.0888
= (.56 million R.O. per year (for 30 years)
LC 13.59 mithion R.O. x 0.0888

i

1.21 million R.Q. per year (for 30 years)

Since two type of generators with different annuitized costs are involved, we
compute the average annuitized cost per installed capacity as shown below (the

annuitized cost of the civil works components is also included):
Not shadow priced:

(2.08 million R.O. x 13 units + 3.73 million R.O. x 6 units + 1.78 million
R.0.)/1,848 MW =27.70 R.O./JKW (per year)

Shadow priced:

(2.08 million R.O. x 13 units + 3.73 million R.0. x 6 units + 1.66 million
R.0.)/1,848 MW = 27.63 R.O./KW (per year)

For the calculation of LRMCq ., we make the following two assumptions.

1. The reServe'mér_gin needs to be discussed from the viewpoint of the system
as a whole. While at the present time the system has no reserve margin, we
assume that at least 150 MW of reserve margin- will be required for the
snfire system .by' 2010. The tigure is equivalent to approximately 8 % of
the totai ca’pabﬁy scheduled at the Barka Station in 2010, and thus this ratio
is applied for the calculation of LRMCGc. .
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2. The station use is basically proportional to the total power generated at the
station.  For the computation of LRMCg ¢, we assume that 2 % of the
power generated will be consumed at the station. (Consumption by the
desalination plant is not included.)

With these assumptions and the annuitized cost per kilowatt calculated,
LRMCg . is computed as shown below.,

LRMCg . (not shadow-priced)

2770 ROJKW x (1 + 8%)/(1 - 2%)
= 30.53 R.O/KW per year

LRMCq ¢ (shadow-priced) = 2763 ROJKW x (1 + 8%)/(1 - 2%)
= 3045 R.OJKW por year

(b) Marginal capacity costs for transmission

The Project covers the transmission lines (and related facilities) which will
interconnect the proposed Barka Station with the substation in Madinat Qaboos.
Usually, in calculating the marginal costs for transmission capacity, all the
investment costs in the transmission facilities are allocated to incremental
capacity, as the designs of those facilities are determined by the peak kilowatts
they carry, rather than the kilowatt-hours. In the case of the Prbject,
investments in transmission facilities are limited only to those scheduled to be
built at the end of 1997.. Therefore, we simply annuitize the total investment
cost for the facilities over an estimated life expectancy of 40 years at an assumed
discount rate of 8%, and then divide the resulting figure by the peak kilowatts
that the facilities are expected to carry in the year 2010. The average capacity

cost for transmission obtained by this method is thus:

FC: 45.79 million R.O, x 0.0839 +1,559 MW

= 2.46 R.O./KW per year (for 40 years)
LC: 12.95 million R.O. x 0.0839 =+ 1,559 MW

It

0.70 R.O/KW per year (for 40 years)

Note: 1,559 MW = 1,640 MW (peak load at generation) x [1 - 2% (station loss)}.
x {1 -3% {(transmission loss)) )

The capacity-related price of the power generated and transmitted (at the high

voltage level to the substation in Madinat Qaboos) by the Project will reflect the

investment cost required to meet a kilowatt increment in peak demand at the end

of the HV transmission tine concerned. In other words, the price will be the
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LRMC for capacity at the high vnl{agc level (LRMCyye ), which is expressed

by the following function:
LRMCpve, = LRMCq.c /(1 - LHv%) + ALRMCpy

where,

Lyv%: HV wansmission loss factor (i.e., power loss during the transmission

from the Barka Station to the Madinat Qaboos substation)

ALRMCypy:  Incremental {or average annual) HV capacity costs (i.c., annuitized cost of

the ransmission facilitics covered by the Project)

With the assumption of the transmission loss at 3%, the LRMCqpyc, is

computed at:

LRMCyyc. (not shadow-priced) = 30.53 R.OA1 - 3%) + 3.16 R.O.
= 34.63 R.OJKW per ycar
. LRMCyvc. (shadow-priced) = 3045 R.O.JO - 3%) + 3.09 R.O.

= 3448 ROJKW per year

Note: 3.18 = 248 + 0.70
3.11 = 248 + 0.70 x 0.9 (conversion factor)

Marginal energy costs

The marginal cost of energy is defined as the operating or running cost to

~ provide additional energy. The mdrgma] cost of energy, in general, differs as to

whether it is during the peak hours or off-peak hours. The reason for this 1s
that a utility system usually consists of a number of gencrators with different
fuel inputs and dif ferem heat ratcs, and that the operation of the various
gcncrators of the system is programmed in such a way that the cost of the
operation can be minimized. 1n order to provide additional energy during the
peak period, machines that are the least cost efficient will be used to meet the
incremental peak kilowatt-hours. The marginal cost of pcék energy, thus, is the
operating cost of those machines. Similarly, in order to provide additional
cnergy durmg off-peak hours, base- load machines that are last in terms of
operating cost efficiency for the use of base Joad will be employed. The
marginal cost of off-peak energy is the running cost of those machines.
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(d)

The proposed Barka Station is expected to be more efficient than any of the
existing plants. Because all the existing plants of the Muscat and Wadi Jizzi
Systems are equipped prodominantly with gas turbines, their per-KWH energy
costs are basically the same. We, therefore, simply apply for the marginal
energy cost, the average cost of operating the plants of the Muscat and Wadi
Jizzi Systems, which is higher than the estimated cost at the Barka station. The
cost was 10.88 bz/KWH (including 0.67 bz for foreign currency costs and
11.20 bz for local ones) in 1993,

The marginal cost of energy at the sending-end must include the loss at the
station, and similarly that at the end of the transmission line must reflect the

transmission loss of encrgy. The marginal cost of energy is thus calculated as

follows:
(BZ/KWH)
Not shadow priced  Shadow priced
Marginal energy cost 10.88 9.85
Al sending-end (loss faélor atl 2%) 11.10 10,05
Ai transmission-end (loss factor at 3%) 11.45 10.36

Summary of marginal costs

The marginal costs for generation capacity and transmission capacity, and the

marginal energy costs are summarized as follows:

(R.O)
Not shadow priced  Shadow priced
LRMC for generation capacity (per KW, yearly) 30.53 30.48
LRMC for capacity at high voltage level 24.63 _ 34.48
{por KW, yearly)
(Project's capacily cost)
Marginai cost of energy _
At generation (per KWH) 1088 x 102 9.85x 103
At sending-cnd 11.10 x 1073 10.05 x 103

Al transmission-cnd _ 1145 x 103 1036 x 103
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16.3.3

Marginal capacity and production costs for water

The marginal capacity costs and the marginal energy costs required to supply an

additional unit of water can be estimated in a similar manner.
(a) Marginal capacity costs for production

The Project contemplates the installation of eight desalination units with a
capacity of 31,820 m3/d each. The implementation will be made in four stages

with two units installed at each stage.

Capital investments will consist of civil-work impfovemeﬁts, desalination units,
and transmission facilities. The annuitized total cost of the civil improvements
has already beéen calculated at 1.77 million R.O. (per year) including 0.56
million R.O. for foreign currency costs and 1.21 million R.O. for local ones.
The annuitized cost per cubic meter a day of installed capacity is calculated at
6.95 R.O. [1.77 million R.O.+ (31,820 m¥/d x 8)], including 2.20 R.O.

for foreign currency costs and 4.75 R.O. for local currency costs.

The estimated cost of the desalination unit including its foundation is 47.66
million R.O., a total of 38.18 million R.O. for foreign components and 9.48
million R.O. for local components. At a life expectancy of 20 years and at a

discount rate at 8%, the annuitized cost of each unit 1s calculated at:

FC: 38.18 million R.O. x 0.10185 = 3.89 million R.O.(annually)
LC: 9.48 million R.O. x 0.10185 = 0.97 million R.O. (annually)

Each desalination anit has a cépacity of 31,820 m3/d. Therefore, the annuitized

cost per unit (m3/d) of installed capacity is calculated at:

FC: 3.89 million R.O. = 31,820 m3/d = 122.25 R.O./m3/d (annuatiy)
LC: 0.97 illion R.O. + 31,820 m3/d = 30.48 R.G./m>/d (annually)

To these figures, we add the corresponding figures for civil improvements as
shown below, to obtained the total annuitized capacity costs for the production

of a unit of water.

FC: 220 R.O. + 122.25 R.O. = 12445 RO,
LC: 475 R.0. + 30.48 R.O. = 35.23 R.O.
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(b)

Although no reserve margin is taken, the installed capacity will be set at 120%
for the peak demand. The station usc is expected to be at 2%. Therefore, the
not-shadow-priced LRMC for production capacity (LRMCp ) is calculated at
195.53 R.O./m3 [= (12445 + 35.23) x 120% + (1 - 2%)], and the shadow-
priced LRMCp_at 191.21 R.O./m3 [= (12445 + 35.23 x 0.09) x 120% + (1 -
2 %)} a year. These costs are the capacity costs at the sending-end.

Marginal capacity costs for transmission

Transmission facilities include pipes connecting existing reservoirs of the
Muscat Water System, and related facilities, as well as pipes extending to six
walayats in South Batinah and related faciiities including reservoirs and pump
stations.  For the sake of simplicity, we assume that all the planned
lransmission facilities will be built by 1999, when the Project is scheduled to

'begin producing water.

The total cost of the transmission facilities is 51.45 million R.O. in'cluding
36.55 million R.O. for forcign components and $14.90 million R.O. for local
ones. With an assumption of the discount factor at 8% and the average life span
of the facilitics at 50 years, the annuitized cost is computed at:

FC: 36.55 million R.O. x 0.0817 = 2,987,000 R.O.(per year)
LC: 14.90 miltion R.O. x 0.0817 = 1,217,000 R.O. (per year)

To estimate the marginal capacity cost_fof transmission, we divide the
annuitized cost by the volume of water the transmission facilities are expected o
carry in 2010. With assumed station loss and transmission loss factors at 2 %
and O % respectively, the marginal capacity cost for transmission we can
estimate at:

FC: 2987,000 R.O. + 176,520 m3/d = 16.92 R.O. per year (for 50 years)
LC: 1,217,000 R.O. + 176,520 m>kl = 6,89 R.O. per year (for 50 years)
Note: 176,520 m3/d = 180,122 m3/d (demand at production) x [1 - 2% (station

loss)) x [1 - 0% (lransmission losé)}

The marginal capacity cost for both production and transmission at the
transmission-end (LRMCT.C.) is thus estimated as follows: '
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(©)

(d)

LRMCr.C. = LRMCp.c./(1-transmission loss factor) +
average capacily cost for transmission per m3/d of demand
= 195.53 R.O./m3/d /(1 - 0%) + (16.92 R.O. + 6.89 R.0.) = 219.34
R.O./m3/d

When the local currency inputs are shadow-priced, the corresponding cost will
decrease to 214.33 R.0O./m3/d.

Marginal production costs

For the marginal production cost, we simply assume the unit production cost at
the Ghubrah desalination plant, the operation of which is less cost efficient than
the proposed Barka plant, and which is the only plant that can produce an
additional supply of water in the Muscat-South Batinah arca. The production
cost (excluding the depreciation cost) in 1993 was 0.434 R.O./m3, including
0.026 R.Q./m3 for foreign components and 0.408 R.O./m? for local ones.
When local currency costs are shadow-priced, the product cost will decrease to
0.393 R.O./m3.

With the expected station use of water at 2% of the total production, the

marginal production cost is computed as follows: (no transmission loss

expected)
(R.O./m?)
. Not shadow priced  Shadow priced
Marginal production cost . 0434 0.393
At sending-end (loss factor ai 2%) 0.443 0.4M
Al ransmission-cnd (loss factor at 09%) 0.443 0.401

Summary of marginal costs

The marginal cost for the production and transmission capacities, and the

marginal production cost are summarized as follows:

(R.O)
' Mot shadow priced  Shadow priced
LRMC for producl:on capac:ly (per m3/d, yearly) 195.53 191.21
I_,RMC for capacity al transmisston-cnd 219.34 21433
(per m>fd, yearly)
Marginal of production (per m3) .
Al sending-cnd (0.443 0.401

At transmission-cend 0.443 _ 0.401
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16,4 Financial Analysis

The primary objective of financial analysis is to measure the financial viability of the
project concerned by projecting the cash in- and out-flows of the project. In the

analysis we first calculate the financial rate of return of the Project. In this procedure,
in order to evaluate the project's fundamental soundness, specific financing
considerations will not be made (i.e., no interest charges assumed), and prices will be
expressed in constant or real terms (1.e., no inflationary imnpacts assumed). Then, we
calculate the rate of return on equity invested, for the first stage of the Project. In this

step, cash flows will be prepared in nominal prices, taking also into account the debt
financing elements, so that the financial performance of the Project can be evaluated
from the lenders’ view point as well.

16.4.1 Financial Rate of Return (FRR)

In previous sections, we estimated the costs of all the project inputs including capital
costs and operating costs, and also determined, based on the concept of LRMC, the
cost and therefore the prices of the project outputs. By using those study results, we
now analyze the financial rate of return of the Project®. Not-shadow-priced costs are
used, as it is not necessary to shadow price the costs of the project inputs for financial
analysis, which are concerned with actual costs the Project will pay.

Table 16.8 exhibits annual cost and benefit streams expressed in constant 1994

8 Technically speaking, the application of the LRMC for the financial analysis may not be appropriate. The
existing tariffs (which do not specifically impose capacity costs} do not cover the full cost to supply
electricity/water. The government has no immediate plan to raise them. However, when the current
electricity/water services are privatized in the near future, the charges for thosé services set by the newly
established entity will fully reflect the cost and sufficient return, and will be higher than the current tariffs
(regardiess of whether any part of the charges is subsidized by the government or not). This study assumes
that those charges will be determined based on the LRMC concept. And thus the LRMC-based ch'lrges
will be used for the financial analysns (as well as for the economic analysis). As far as the eleciricity is
concerned, the average tariff level in 1993 was estimated at 16,67 x 103 R,0. per KWH consumed (the
total revenue of 65.42 illion R.O, divided by the total billed consumption of 3,924,159 KWH). The
charge determined based on the LRMC concept consists of the capacity charge of 34.65 R.QO./KW and the
energy charge of 11.45 x 102 R.O./KWH. - At the current load factor of 52%, the capacity charge is
equivalent to a KWH charge of 7.61 x 103 R.Q.; therefore making. a total KWH charge of 19.06 x 1073
R.O. Assuming that the capacity charge for distribution facilities and consumer costs jointly account for
12% of the total charge to supply e]actncnty, the overall per-KWH charge will be 21.66 x 102 R.Q. This
charge, which is expressed in 1994 price, is 30% higher than the average tariff level of 1993. As for the
water, the average tariff in 1993 was estimated at somewhere around 2.3 x 10°R. O. per gallon. The

capacily charge and the production charge determined by the LRMC concept are 219.34 R.O./m*/day (or
0.6326 R.0./m? at the load factor of 95%) and 0.443 R.0./m?, respectively. With an assumption that the
capacity cost for distribution facilities and consumer costs ‘jointly represenit 12% of the total charge, the
overall charge for a cubic meter of water supplied will be 1.222 R.O (i.e., 2.688 x 102 R.O. per gallon),
This charge is 17% higher than the average tariff level of 1993. The dlsparlues between the average tariffs
and the assumed new charges for electricity and water are similar to the government's current subsidy level
for these utilities services, and therefore the assumed charges are considered to be appropriate.,
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prices. Benefits are derived from the generation of electricity and the production of
water. In the capital costs, no price contingencies, or interest during the
imple'mentation periods are included. Also, no considerations were made regarding
financing costs, working capital requirements, or taxes during the project life, which,
similar to inflation, could distort the underlying viability of the Project and make it
difficnlt to compare the attractiveness of the Project with that of other urgent projects.

Key assumptions used in our financial rate of return analysis include:

1. No replacemeﬁ! is made when the equipment (generators and desalination units)
finishes its life expectancy. The project life extends until 2029 when ihe useful
life of the last generator is expected to be finished.

2.  Demand forecas'ting has been made up to the year 2010. After 2010, the power
demand increases by an average annual increment expected during 1993 and
2010, vntil it leaves only 150 MW for the reserve margin.® The energy
demand increases at the Ioad factor of 52%, which is the current level. The
water capacity demand (m?%/d) also increases at the same rate that is expected
during the period between 1993 and 2010, until it leaves 20% of the installed
capacity for the peak demand. Similarly, the total water production demand
(m3) rises until it reaches 95% of the plant’s avaiiable capacity.10

The financial rate of return is computed at 13% for the entire project (10% for the
power division and 17 % for the water division). This rate of return exceeds the
discount rate (opportunity cost of capital) of 8 %.1!1 The Project's net present value
(at the discount factor of 8 %) is also calculated for net present value analysis. The

value is approximately 339 million RO,

o

10

11

For the prcqecnon of power demand after 2010, the following formula was used, which is based on the
changes in the demand during the period between 1993 and 2010:

Power demand (MW) =-263635.89 + 131.945 x X (Year), 12 = 0.996.

The water capacity demand (m3/d) and the production demand (m3) after 2010 were estimated by the
following formulae:

~ Water capacity demand (m3/’d) =-31,374,686.711 + 15,705.752 x X (Year), 2 =0, 999

Water production ‘demand (m3) =-11,451,782,763.348 +'5,732,610.455 x X (Year), 2 =0.999

Discount factor is synanymous with'the opportunity cost of capital. An appmpnate discount rate for a
project can be estimated by looking into rates of returns on investments in comparable projects with
similar levels of risk involved. In some cases, if not most, however, the discount rates are estimated,
referring to rates of return available in mternauona] capital markels.
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16.4.2  Sensitivity to the Financial Rate of Return

The primary objective of sensitivity analysis is to test how the profitability of an
investment is affected by modifications in the assumptions used on key variables.
This analysis essentially allows a judgment as to the riskiness of the project under
alternative assumptions. We test the sensitivity to the financial rate of return of the

Project obtained in the preceding section.

Usually, in the sensitivity analysis, modifications are made for such variables that
may significantly change the projected costs or benefits of the Project and that involve
high levels of uncertainty. Because of an underlying atiribute of the concept of
LRMC, the prices of the Project's OL.l'[pll“tS are completely linked with the costs of the
Project's inputs and hence, seusitivity analysis will not be required for those variables
concerning outputs' prices and inputs' costs. In determining the outputs’ prices, we
assumed a discount factor at 8%. This discount factor is a critical variable that needs

to be tested for sensitivity.

Table 16.9 shows how variations in the discount rate affect the rate of return for the
Prdjcct. A project is acceptable, if its FRR equals or exceeds the opportunity cost of
capital, which is a common criterion for assessing a project. The Project evidently

fulfills this criterion.

Table 16.9 Sensitivity Analysis for FRR
Discount rate
1% 9% . 10%
Power (R.O)) N
LRMC at generation 28.27 32.74 35.25
LRMC al transmission-end 31.97 37.26 40.19
Water (R.0.}
LRMC at production. . 180.86 210.62 205.98

LRMC ai transmission-end ~ 201.99 2372 255.35

Net benefit (T housand R.O)

Electricity 926,737 1,092,608 1,184,480

Water 1,636,561 1,870,079 1,990,453

“Total 2,563,299 2,962,688 3,174,933
FRR -

Electricity 10% 11% 11%

Water 16% 17% 18%

Total 13% - 13% 14%
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16.4.3 Rate of Return on the Equity Invested

There has 1'ecent1y been a strong drive in government policy towards the privatization
of public corporations. An announce was made for example in June 1994 of the plan
to offer public shares in the Oman Cement Company, which is one of the largest
state-owned corporations. In line with this privatization movement of key public
enterprises, discussions have been going on concerning a plan to create a private
power and water industry by privatizing a part or all of MEW. Regardless of the
future procedure and development of this plah, it has become a policy of MEW 1o
finance the Project through a method commonly called BOOT (Build, Own, Operate,
and Transfer), or BOO (Build, Own, and Ogperate)..

The proposed Manah Station is also financed by a BOOT package. A general
agreement for this BOOT project has been signed between the Government and

investors, while its details have not yet been made public.

For the Project's BOO(T) financing, no details have been fixed in such critical arcas
as project structure, and government concessions and supports. - With reference to
recent BOO(T) pabkages for comparable projects, we niake the following key
assumptions for the financial analysis of the first phase of the Project.

Assumptions:
1. Equity-loan ratio: 1:1

(Some portion of the equity capital may be raised by the sale of the shares of the
project company.)

2.  Loan (non-recourse commercial bank loan):

Interest rate: 8%
Amortization: Approximately 10 years
(Assume a fixed rate, while the rate actually adopted will be a floating rate.)

3. Concessions

(1) Tax: Exempted from all the applicable taxes including income tax
during the entire project period.
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(2) Power (and water) purchase on a "Take or Pay" basis.

(Operation at 70% available capacity of the power plant, and at 95%
available capacity of the desalination plant)

(3) Concession period: ~  Life expectancies (20 years) of all the generation/

production equipment

(4) Guaranteed supply of natural gas during the entire concession period, at
the price of US$0.0283 per cubic meter.

(There will be no problem concerning the availability of natural gas. See relevant

discussion in Appendix 3.)

Prices are comparatively stable in Oman, and the foreign exchange of the Rial Omani
is relatively constant. However, in the long run, there are small elements of
uncertainty in these, as the same speculation can be said of most countries. Our
financial [ﬁrojcctions, therefore, are expressed in a foreign currency, namely US
dollars. And we adopt an estimated international rate of inflation of 3%, and assume
that the exchange rate of the Omani Rial will adjust itself to the difference between the

international inflation level and domestic price increases.

Based on the assumptions discussed above, tables were prepared, as shown below,
concerning the total initial costs, the cash flow during the operation period, financing,

and the rate of return on equity.

Table 16.10 indicates the construction costs for Stage 1, and Tables 16.11 and 16.12
exhibit the disbursement of the initial investment costs and the flow of the financial
resources (consisting of equity capital and commercial bank loans), for the power
plant and for the desalination plant rcspcct'i'vé,ly. The financial requirement totals 505
million US dolars, or 194 million R.O., which includes price contingencies and

interest on loans during the implementation period.
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Table 16.13 exhibits projected cash flow during the operation period which extends
from 1998 to 2018. Because of the higher cost efficiency of its operation, the Project
is expected to have priority over the other plants. We assume that the proposed Barka
phase-one power plant will be operated at an average load factor of 70%, as 1t will be
serving for the year-round baseload. The plant will have a reserve margin of 8%, as '
planned for the entire system. Similarly, the proposed desalination plant will be
operated at 95% of its available capacity. We expect that the Project will generate a
total net operating income of approximately 2,206 million US dollars or 848 thousand
R.O. by 2018, when the Project is ex;ﬁected to complete its economic life. (The

residual of the Project will be minimal.)

Table 16.14 shows the projected cash flow including debt service. The commercial
loan amounting to approximately $252 million is expected to be amortized in 10
years. The debt service coverage is expected to be at 1.12 for the first year of the
loan repayment. The ratio will be improved steadily and quickly, to 1.51 for the fifth
year. Table 16.15 summarizes the cash in- and out-flows. The net income over the

project's life years reaches more than $1,800 million in nominal terms. The internal

* rate of return on the equity invested is calculated at 22%.

A sensitivity test regarding the power load factor suggests that the rate of return will

be little affected at lower load factors, as indicated below.

Load factor 55% 0% 65% (70%)

Net operating income 976,756 1,001,668 1,026,580 {1,051,492)
{Thousand R.O.}

FRR on equity 21% 22% 22% (22%)
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16.5

Economic Analysis

The economic analysis is concerned primarily with whether or not the Project will
generate adequate economic benefits to the country to justify its costs. We make this
analysis by two approaches: a revenue-based approach and an approach (or a
method) where the cost of an alternative to the Project is compared with the cost of
the Project.

Revenue Approach

The revenue-based economic analysis is straightforward. We simply compute the
economic rate of return (ERR) of the Project, by using the shadow-priced cost and

benefit of the Project we estimated carlier.

Table 16.16 exhibits projected streams of the cconomic benefit and cost of the
Project. Because the local currency costs are shadow-priced, the Project’s economic
cost is tower than its financial cost. The economic bencfit is also lower than the
financial benefit, because the benefit is determined so as to reflect fully the cost on the-
principle upon which the concept of the long-run marginal cost is based.
Consequentially, the economic raies of return (ERR) indicated in the table are almost
the same as the financial internal rates of return computed earlier. The ERRs are

higher than the assumed discount rate of 8%.

Table 16.17 shows the results of the sensitivity analysis for the ERR. The analysis
employed the same modified assumptions that were used earlier for the sensitivity test
for the FRR. Because the prices or the values of the Project's outputs are linked with
the discount rate assumed, the selection of a higher discount rate results in a higher
level of income and thus a higher ERR.
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Table 16.17 Sensitivity Analysis for ERR

Discount rale

7% 9% 10%
Power (R.Q.)
LRMC at gencration 28.21 32.74 35.13
LRMC at transmission-cnd 31.84 37.18 39.99
Water (R.O.)
L.LRMC at generation 176.88 205.98 220.96

LRMC at transmission-cad 19740 231.79 249.51

Net benefit (Thousand R.O.)

Electricity 988,874 1,158,407 1,247,619

Waler 1,526,869 1,754,949 1,872,470

Total 2515744 2913356 3,120,089
ERR

Electricily 10% 11% 12%

Water 15% 17% 17%

Total 13% 13% 14%

16.5.2 Comparative Method

The net benefit resulting form a project can be identical to the cost saved by not
adopting an alternative to the project. The so-called "comparative method" is based

on that conception.
16.5.2.1 Alternative to the Project--Electricity

There are 16 diesel engine stations for rural electrification in the Northern Sector,
whereas about 90% of the power generation in the sector is on natural gas. When the
proposed Manah Power Station, which will run on natural gas, is completed, some of
the diesel plants will retire. A shift of power energy sourcé from diesel gas to natural

gas is already a course of action n this country.

Nevertheless, the Barka project will conﬁ‘ibuta% to the nation, by allowing the Muscat
and Wadi Jizzi Systems to expand into the inner regions, and as a result, supplying
electricity generated on natural gas at a lower cost than on diesel gas to areas presently
served with power generated on diesel gas, and to towns developed in the fature
which otherwise would have to have diesel plants. Thus, the economic benefit of the
Project can be approximated by calculating the cost which would be saved by not
building and not operating oil-fired thermal plants. For the scheme with this

alternative type of power plant, and for the cost comparison with the Project, we
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make the following assumptions and computations. The capital costs and the
operating costs of the alternative scheme can be translated as, respectively, the KW
capacity value and the KWH energy value of the benefit that the Project will generate.

(1) Alternative scheme:

Plant type . oil-fired thermal plant

Capital cost (shadow-priced) 1 346.05 R.OJKW (900 US$/KW)
Life expectancy i 20 years

Discount factor . 8%

(opportunity cost of capital)
(2) KW capacity value:12

Annuitized value : 346.05 R.OJKW x 0.101852
== 35.246 R.O./KW (annually)

3) KWH energy value:

Price of fuel (oil) 028
Heat value ;10,000 keaift
Thernmal efficiency : 31%
Heat rate!3 : 2,774 keal/KWH
Fuel cost!4 : 5.55x 102 $/KWH
| | (2.13 x 10 R.O/KWH)
Operating costs excluding fuel ;877 x 103R.O/KWH
Total operating costs : 3.01 x 102 R.O/KWH

The annuitized capacity value has to be'a.djusted in the same manner as the LRMC for
capacity cost for the Project was computed. Asqummg the station use ai the dlesel
plant concerned at 6%, the transmission-end KWH value is calcuiated as follows

Transmission-end KW value =

35.246 ROJKW x (1 +8%) = (1 - 6%) + (1 - 3%) = 41.75 R.O.JKW

12 1y this report, operauon and maintenance costs are not mcluded in the capacity cost, but in the energy (or

operating) cost.
13 1 KW = 1,000 joul/sec.
1 keal = 4,185.5 joul
1 KWH = 1,000 x 3,600 =4, 185.5 = 860 (kca]/hr)
Heat rate = 860 + 31% = 2,774 (kcal/KWH) :
14 5.55x102 $/KWH = 0.2 $/1 x 2,774 keal/KWH = 10,000 kcaifl
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The generation cost of rural stations in the MEW's Northern Sector, excluding fuel
and equipment depreciation, was 8.77 bz/KWH in 1993 (5.7 bz for foreign

_currency costs, and 3.07 bz for shadow-priced, local currency costs). We assume

the same cost for the subject diesel plant. As indicated earlier, the operating costs
including fuel total to 10.90 bz/KWH.

With an assumption of the station loss at 6% and the transmission loss at 3%, the

transmission-end KWH value is computed as follows:

Transmission-end KWH value =
3.01 x 102R.O/KWH = (1 - 6%) = (1 - 3%) =3.30 x 102 R.O/KWH

Table 16.18 shows the projected cost streams of the alternative to the Project. Those
projected costs are entered in the column labeled "operating benefit” in Table 16.19,
whereas the capital cost and the operating cost appearing in the table are those of the
Project. The net benefit in the table is the cost saved by the Project, by not taking the
alternative scheme. The economic internal rate of return obtained by this method is
29%.

The ERR obtained by the comparative method and that by the revenue-based
approach are significantly different, while both of them exceed the assumed discount
factor of 8%. One may question whether or not the alternative scheme discussed is a
realistic or appropriate one. The scheme, however, may represeni best the society's
willingness-to-pay for power, as, in some areas of the country, the power is still

supplied through that scheme.

16.5.2.2 Alternative to the Project - water

Altlernatives to the ProjeCt to meet the future water demand include (1) exploitation of
natural spring water of purchase of water from neighboring countries, and (2) water
production by small-scale desalination plants at different locations. There is a rock-
hill dam in Muscat, called Muscat Dam, which was built in November 1993. The
dam is intended to hold water and, at the same time, to prevent flood, while it has not
yet served for those purposes. There is another dam behind it, in the reservoir of
which people reportedly used to swim.. It is said that the area does not have much

rain in recent years, and that dams are not a possible answer to the water needs.
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Table 16.19  Economic rate of return analysis (electricity)--compattive method

million R.O.

Year Project Capital cost Operating cost Operating benefit  Net benefit  Discount faclor Netpreseni  Cumulative
year ) 8% value - NPV
[4}] 2) (3} A=(1-(1)-(2) (&) (6)={)x(5) (7

1996 0 17,815 -17,815 1.00 -17.815 -15,856
1997 1 125,711 -125,111 0.93 116,399 -132,255
1998 2 31,960 3,279 19,118 -16,122 0.86 -13,822 -146,077
1995 3 25,135 6,294 . 36,600 523 .79 4,153 141,924
2000 4 42,620 9,487 55.244 3,137 014 2305 -139.619
2001 5 12,894 12,903 75,122 49,325 0.68 33,569 -106,049
2002 6 44,883 16,533 96,246 34,829 0.63 21,948 -84,101
2003 7 28,891 20,391 118,695 69,413 0.58 40,502 -43,599
2004 8 23,536 24,491 142,555 94,528 0.54 51,070 141
205 .6 46,472 28,828 167.793 92,493 0.50 46,270 53.741
2006 W 30,886 32,851 191,203 127,467 0.46 59,042 112,783
2007 11 50,370 37,100 215,934 128,463 0.43 55.096 167,879
2008 12 53,822 41,590 - 242,062 146,649 0.40 58,236 226,115
2009 13 25,029 46,335 269,670 198,306 0.37 72917 299,032
2010 14 0 51,348 258.846 247,498 0.34 84,263 383,295
2011 15 0 . 53,368 310,618 257,250 0.32 81,096 464,391
2012 16 0 53,368 - 329,436 276,068 0.29 80,582 544,973
2013 17 0 53,368 348,254 294,886 0.27 79,698 624,671
2014 18 - 0 53,368 367,011 313,704 0.25 78,504 03,175
2015 19 0 53,308 394,016 340,648 .23 78932 782,108
2016 20 0 53,368 394,016 340,648 .21 73,085 855.193
2017 21 0 53,368 . 394,016 340,648 0.20 67,672 922,865
2018 22 0 47,823 353.079 305,256 0.18 56,149 979,014
2019 23 0 42,163 331,758 289,595 0.17 49,322 1,028,336
2020 24 0 39,391 311,290 271,699 0.16 42,878 1,071,215
2021 25 0 36,618 269,500 232,882 0.15 34,005 1,105,220
2022 26 - 0 33,730 249,032 215,301 0.14 29,109 - 1,134,329
2023 27 0 30,958 228.563 197,605 0.13 24,738 1,159,066
2024 - 28 0 25,298 208,095 182,797 0.12 21,189 1,180,255
2025 29 0 22,525 166,305 143,780 0.1t 15432 1,195,687
2026 30 0 19,753 145,837 126,084 .10 12,530 1,208,217
2027 3 0 14,093 124,516 110,423 0.09 10,161 1,218,377
2028 32 0 11,320 83,579 72,259 .09 6,156 1,224,534
2029 33 0 3,660 62,258 . 56,598 0.08 4,465 1,228,999
Totat 560,024 1,034,338 7,000,387 5,400,025 1,227,040

Economic rate of return (ERR):
20%
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Bottled spring water is available at 1 R.O. for 4 gallons. This price is the lowest at the
retail level, and its wholesale price is repdrled to go down to 400 bz. Bottled water
can be imported as well, and therefore, prﬁ:smnabljr any level of demand can be
satisfied. However, this alternative, because of the high cost, can not be a realistic
solution. (The MEW water is sold at 2 bz a gallon to househoilds, and its production
cost is estimated at 2.7 bz.)

In November 1993, a small desalination plant with an installed capacity of
4,550 m3/d was built in Sur. Water is pumped up from wells at the coast and thus
no intake facility is required. The capital cost of this alternative plant was
approximately $12,000,000 in 1993. This type of small desalination plants can be a
realistic alternative to the Project, while many plants would have to be built along the
coast by the year 2010. ' ‘

The operation and maintenance of the.Sur plant is-contracted 1o a private ccmipany at
an annual fee of apprbxi:nately' 300,000 R.O. The plant requires other operating
costs, of which data is not available. For simplicity, we assume that the operating
costs to produce one unit of water ai the alternative plant are the same as those at the
proposed Barka desalination plant. Hence, the cconomic rate of return of the Project
can be estimated by comparing only the initial investment costs for the Project and
those for this alternative scheme.

The estimated capital costs of the alternative scheme appear in the "Benefit" column in
Table 16.20. To meet the demand, 48 plants would be required by the year 2010.
The economic rate of return is calculated at 46.01%. The Project, owing to the
economies of scale, is economically superior to its alternative, while it requires a

substantial investment in early years.
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16.5

Conclusion

We assessed the viability of the Project from both financial and economic points of
view. For the financial assessment, the FRR of the Project was computed, to find
that the rate is 13%, which is sufficiently higher than the assumed discount factor of
8%. The Project's first stage, which requires a total initial investment of
approximately US$505 million (or 194 million R.Q.), is expectéd to generate a total
net profit of US$1,863 million over 21 years from 1998 to 2018, if it is given priority
over other plants regarding operating hours (i.e. high load factor). The rate of return
on the equity of approximately US$129 million is expected at 22%.

The revenue-based ERR of the Project was also computed at 13%. The ERRs
calculated by the so-called comparative method, which measured the cost saved by
not adopting an alternative scheme, were 29% for power and 41% for water. All the

rates of return estimated by our assessment suggest that the Project is feasible.
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