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I. INTRODUCTION

The present report gives the results of a detailed study of what
are now considered the three main alternative lines of development in
the field of electric power production in Iceland. The available choices
are more varied and contrasting than ever before because of new devele
opments which open the possibilities for a radical change in the scale of

new power plants and consequently in the cost of production of electricity.

The most important new factor is the possibility of an aluminium
smelter being built and operated in Iceland by foreign companies who
would purchase electric power under a long-term power sales contract.
The initial size of the smelter is expected to be for a p.a. production of
30 000 tons. This is large enough to make it feasible to undertake to build
a hydro-electric power plant at Barfell in the Thjérséi river which would
initially be about twice as large as would be warranted by the needs of the
domestic power market in Iceland. This increase in size of power plants
is of decisive importance if the great available resources of cheap- hydro=

electric power in Iceland are to be developed.

Another development pointing in the same direction is the increasing
integration of the domestic distribution network. The next major step to
be taken in this field is the building of a high tension transmission link
between the Sog System in South West and the Laxa System in North, sse
exhibit B. This would make it possible to avoid building small uneconomia
plants in the North, and generally favour the development of larger more

economic power plants.

The time is fast approaching when a decision has to made on the
next stage in development of power for the South=West of Iceland which
today represents about 80% of the market. New capacity of not less than
20-30 MW must be brought into commission by the end of 1967 to be
followed by similar expansion 3 or 4 years later. There is also need for
further capacity in the North by 1968 and 1969, but a final decision can

still be postponed for a year or two.

It is extremely important that a decision on the next stage in power
development after the Sog has been fully developed should be based on the
closest study of available alternatives taking into account the longer term
possibilities of harnessing the cheap hydro-electric power resources of
the Icelandic glacial rivers and comparing those with smaller units,

including geothermal plants.



A prolonged study of all available alternatives has resulted in
the selection of three basic alternatives which as near as possible reflect
the most important choices involved. These alternatives will now be

briefly described.

Alternative A. This alternative represents the cheapest way of

providing power for a smelter as well as a transmission link between the
South-West and the North. It is envisaged to develop 105 MW in one stage

at Barfell and providing power for a smelter near the load centre in Reykja=
vik, thus avoiding extra transmission costs. The transmission line to the
North would be a low cost line with two conductors designed only for the
moderate load needed to supply the North. After the first stage it is
assumed that Blrfell will be developed in three further stages of 35 MW

each.

Alternative B. This alternative is identical to alternative A as

regards power development. The difference lies in locating the smelter

in North near the load centre of Akureyri. The arguments for such a
location for the smelter are mainly based on other considerations than the
economics of the power system, and these will be dealt with elsewhere.
From the power cost point of view it is clearly more expensive to provide
power for the smelter in the North. This would call for a full-scale trans-
mission line from Barfell to the North and reserve power at Akureyri
which would have to come earlier than in the South. Against this come

the longterm benefits of having a full-scale transmission line to the North
which would facilitate the development of the low=cost hydro-electric power

available at Dettifoss.

Alternative C. This alternative is designed to represent the

cheapest way of providing power for the domestic system in the South-
West and the North until 1974 assuming that no new major industrial user
will be forthcoming. In the South-West a geothermal plant of 30 MW would
be built to be followed by a 22 MW hydro plant at Efstidalur. It has not
been found economical to build a transmission line to the North under
these circumstances and is assumed that a small 7 MW plant will be built
in the Laxa to supply the North. Attempts have been made to keep invest-
ment down to a minimum, and it is likely that an initially more expensive
line of development would in practice be chosen, particularly in the North.

It is intended to deal more fully with this aspect in a separate report.



II. LOAD AND REVENUE FORECAST.

a Load Growth.

In a report dated Nov. 1963 and titled '"Power Market Study of
Iceland" by the Harza Engineering Company International, Chicago, a
survey is made of the future market for electricity in Iceland, together
with a forecast of the production requirements of power and energy for
a period ending with 1982. The country is then divided in four parts, or
SW from Rjukandi to Vestmannaeyjar, NW, N from Blénduds to Thorshofn

and &, see Lxhibit A

The areas under discussion here are SW from Rjikandi to Vest-
mannaeyjar and N from Dalvik to Hisavik The figures for the N-area
must therefore be adjusted to cover only the area from Dalvik to Husavik
After these adjustments have been made the load forecasts including the
aluminium smelter under discussion are shown in table 1. All figures

refer to production and thus include losses.

The Harza report also shows the historic production from 1952 and
how it is divided on domestic, commercial and industrial consumption,
space heating, public lighting etc , but a more detailed break down can be
found in "Orkumal", published by the State Electricity Authority. Due to
good records for past years of energy consumption by various classes of
consumers and the extensive electrification and high consumption per
caput in Iceland Harza has based the load forecasts for the ordinary load
on trend analysis rather than comparative utilization or specific load
estimates. It will be noted that Harza assumes that the fertilizer production
will be increased in 1969 and 1967 and that the fertilizer factory will be
operated mainly with off-peak energy as has been done in the past This
is however not certain as fuel might be used instead of electricity but in
that case available off-peak energy \together with some peak-energy)
would most probably be used for space heating in all areas where geo-
thermal heating is not more economical. In alternative A and B the Harza
estimate therefore seems reasonable as it stands whereas in alternative
C increased fertilizer production or space heating would not be possible,

see table 1.

Forecasts of power sales 1964-1980 derived from table 1 as
well as revenue from power sales are included in income statements
for each alternative in projections of financial operation in Part II of
this report. It is, however. not possible to satisfy all the demand for

secondary energy in the period 1964-1967 as shown in table 1 with energy
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from hydro plants. Secondary energy sales and revenue are therefore

progressively reduced in this period.

b. Pricing of power to distributing companies.

The pricing of power from the Sog system is limited by law to
"cost plus 5 per cent''. Cost has been interpreted to include amortization
of loans in stead of depreciation. Debt is to a large extent in foreign
currencies and prices have accordingly been increased as a result of
devaluations. The principle behind this pricing formula is clearly no
longer appropriate as the system now operates with considerable equity
and it is assumed that the formula will be abolished when the new National
Power Company commences operations. The pricing policy of the Laxi

system is not tied in this way.

The price of power from the Sog system to distributing companies
is now $ 19. 77 per Kw of peak demand plus 1. 235 mills per Kwh. The
" price has remained unchanged since the end of 1961 when it was increased .
by 25% as a result of devaluations in 1960 and 1961. Another 25% increase
was made at the end .of 1959. The prices of the Laxi syste‘m are a little
higher or from $ 19.77 up to 26. 74 per Kw of peak demand plus 1. 40 mills
per Kwh. The energy component has just recently been increased from
1. 16 mills per Kwh.

It is assumed that by the end of 1964, after the merger of the two
systems, prices will be equalized at a level about 14 per cent higher than
the present price of the Sog system. The power component is assumed to
increase to § 22. 70 per Kw (14. 8%) and the energy component to 1. 37
mills per Kwh (11. 1%).

c. Pricing of power to the fertilizer plant.

The fertilizer plant now purchases secondéry energy for produce-
tion of hydrogen at the very low price of 0. 6 mills per Kwh. The present
power contract expires in 1968. It is assumed that the price remains
unchanged until then, when it is assumed to be more than doubled under
a new power contract. The fertilizer plant would then pay a price for
off-peak enérgy equal to the energy conponent of the price to distributing
companies i. e. 1. 37 mills per Kwh, It is further assumed that off-peak
energy for expa;ision of fertilizer production in alternatives A and B will
be sold at .1. 37 mills per Kwh.

Sales of power to the fertilizer plant other than off-peak are
~assumed to be at the same price as to distributing companies.



d. Smelter load and revenue.

It is assumed that a 30. 000 ton aluminium smelter will start
operations in 1968 requiring deliveries of 445 Gwh of energy annually.
No increase in the capacity of the smelier later on is assumed. The
price of energy sold to the smeller iz assumed to be 2. 5 mills per Kwh
during the first 25 yvears and 3. 0 mills per Kwh for 15 years after that.
This price is assumed 1n all the calculations shown in the tahbles attached
to this report. The effects of higher prices i e. 3 0 and 3. 5 mills per
Kwl, have also been calculated and these are shown separately in Chapter

V below.



III. DESCRIPTIVE ACCOUNT OF THE ASSUMPTIONS UNDERLYING
EACH ALTERNATIVE.

a. Existing Power Systems.

Exhibit A shows the existing power systems in the areas under
discussion i.e. the Southwest and the North (from Dalvik to Husavik).
An 11.5 MW and a 2 MW extensions of the thermal stations at respectively
Ellidaidr and Akureyri are now under construction and it is expected that
before the end of 1967 a new 7 MW unit will be added at Sog and the stations
Rjukandi and Andak{ll interconnected. Assuming this, the afore-mentioned
systems will have the following capacity at the end of 1967 when new
developments will have to start operating if heavy fuel consumption is to
be avoided and adequate reserve capacity kept in the systems, for not
to mention the operation of an aluminium smelter, an extension of the

fertilizer factory or increased space heating:

Energy Stations at end of 1967

Total MW Total GWh/year

rated capacity firm energy

Sog Hydro Plants

Steingrfmsst'o‘d 26.4 MW

Ljosafoss 21.6 "

frafoss 46.5 " 94. 5 510
Andak{ll Hydro Plant 3.5 25
Rjukandi " n 1.0
Laxa Hydro Plants

Laxa I 4.0 MW

Laxa II 8.0 " 12.0 85

111.0 627

Reserve and Peak Stations at end of 1967

Ellidaar Hydro 2.5
Ellidaar Thermal 19.0
Nato " 7.5
Vestmannaeyjar Thermal 4.0
Akureyri " 4.0
Rjukandi and Stykkishdlmur Thermal 2.0

w
e
o
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Installed capacity at Ellidaar Hydro is 3.2 MW and in most years
it can produce some 5=10 GWh, but as it is an old station (4 units, wherof
2 installed in 1921) it is, after 1967, looked upon as a reserve station only

and its capacity deemed to be 2.5 MW,

The energy capability of the Sog plants in an average year is 585
GWh and 470 GWh in a minimum year. On basis of this, the firm energy
from Sog is here set at approx. 510 GWh/year or somewhat on the opti=-
mistic side. The Laxa plants have in most years an energy capability of 95

GWh and 85 GWh/year of firm energy can be considered a safe figure.

b. Power Developments and Power Production.

It is assumed in all three alternatives that new developments
will start operating at the end of year 1967. It should, however, be pointed
out that the construction time in alternative C is approx. one year shorter

than in alternative A and B.

Alternative A. As previously described this alternative is based

on the assumptions that a 210 MW power development on River Thjor sa
at Barfell together with power transmissions to Reykjavik and Akureyri
will be built in conjunction with a 30, 000 tons/year aluminium smelter
in the vicinity of Reykjavik, requiring 55 MW and 470 GWh/year produc=
tion, see Exhibit B. On basis of this smelter load and the general load
forecasts, the following 4 development stages at Burfell are considered

economical (see Harza’s report on Burfell, dated Oct. 1963).

Power Capacity of Burfell

MW GWh/year

rated capacity firm energy
Stage I 105 (3x35) 850
Stage II 35 275
Stage II1 35 260
Stage IV _35 250
210 1635

Table 2 shows these stages fitted in with the load schedules and table
3 the estimated production of the various stations in the interconnected

system.

It is considered necessary that the available reserve power is
never less than the rated capacity of the largest unit in the system, in

this case 35 MW, at least during such periods when the capacity of the



Sog and Biurfell stations is anywhere in the neigbourhood of full
utilization. As shown in table 2 this is, however, not considered
sufficient and 20 MW of gasturbine power is therefore twice added
to the existing thermal power, in years 1970 and 1972, respectively.
The reasons for this are partly that the Burfell project provides for
only one transmission line to Reykjavfk (a'second line would cost
approx. the same amount as a 20 MW gasturbine station) and partly
because of ice troubles, which may occur at Burfell until adequate
water storages have been built in the Thjérsa River Basin, the first
step being the initial Thorisvatn Storage included in the third Birfell
stage (1976).

During a temporary outage of Barfell, the following load reductions

are considered possible:

Temporary load reductions

General load 10%
Fertilizer load 100%
Smelter load 50%

The reserve power up to 1974 is based on these assumptions.
It is possible that a second transmission line will be preferred in 1972
compared with 20 MW of reserve power, but this should only slightly
alter the economy of the system. It is also possible that the Thoérisvatn

Storage will be built in the second stage rather than a reserve station.

It should be noted here that the gasturbine stations can easily be

used as synchronous condensers for power factor correction.

Alternative B. This alternative is similar to alternative A

except that the aluminium smelter is here placed in the vicinity of Akur=
eyri, instead of Reykjavik, probably some 9 miles north of town. Table
4, which shows how the various power developments are fitted in with
the load schedules, differs from table 2 only as regards the reserve
power. Here it is considered necessary to erect initially a 50 MW gas=
turbine station at the smelter site as the Burfell Project provides for
only one transmission line to Akureyri and the capacity of the Laxa
system is only 16 MW. Although the line route from Burfell to Akureyri
is believed to be a good one, this will hardly be considered sufficient
and due to the afore-mentioned ice problems at Burfell and the cost of a
second transmission line to Akureyri, the 50 MW gasturbine station is

selected here.



This production of the various stations in the interconnected

system will be the same as in alternative A, see table 3.

Alternative C. This alternative does not include an interconnec =

tion between the North and the South and assumes two smaller stations in
the Southwest, i.e. Hveragerdi 2 x 15 MW and Efstidalur 1 x 22 MW and
al x7 MW station in the North, here called Lax3 I1I, utilizing the same
head as Laxa I. An extension of the fertilizer factory or increased space
heating worth mentioning will not be possible in this case, and the primary
load figures for the Southwest in the years after 1968 will therefore have

to be lowered accordingly.

The Hveragerdi station would have a rated capacity of 32 MW but
as considerable power will probably be needed for pumps etc., compared

with a hydro station, the capacity is here set at 30 MW.

According to present estimates, some 70 MW and 400 GWh/year
can be developed totally at the Laxa plants site. The afore-mentioned
7 MW station would be the next step in such a development, but another
arrangement with a 19 MW capacity might also be. economical. As it is
difficult to find economical hydro sites of suitable sizes in the Saudar-
krdkur- and Gri’msé-areas, see Exhibit B, the best solution might be to
connect Saudirkrokur with Akureyri and Grimsa with Laxé’;, which would
create a more extentive market for a 19 MW Laxa plant. This problem
will be dealt with in a separate paper as only the Northern area from Dal=~

Ie & & . . °
vik to Husavik is here under discussion.

The capacity of the afore-mentioned stations is estimated as

follows:

Power capacity in alternative A

MW GWh
rated capacity firm energy
Hveragerdi 30 (+2) 240
Efstidalur 22 160

Laxa III 7 50
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Table 5 shows the power developments and table 6 the power
production of each station in this alternative. It will be noted that the
reserve power in 1974 in the Southwest corresponds to the biggest unit
in the system, 22 MW (Efstidalur). It will also be noted that the thermal
power at Akureyri is in 1970 increased to 11 MW leaving only 4 MW
reserve power in the North in 1974, which is on the low side as the

biggest unit in the system is 8 MW (Lax3 II).

Power production during 1964-1967 is estimated as follows:

Demand
Sog Hydro MW 80.5 84.8 89.4 94. 6
Andakill-Vestmannaeyjar i 4.9
Rjlkandi-Stykkishdlmur " 2.1 2.3 2.5 2.7
MW 87.5 92.5 97.5 103.0
Laxa Hydro MW 12.2 12.2 12.1 12.0
Akureyri Thermal " 1.3 2.3 3.4 4.5
MW 13.5 14.5 15.5 16.5
Energy
Sog Hydro GWh 403 426 449 470
Ellidaar Hydro " - - - 5
Ellidaar Thermal " 1 1 1 5
Sog Hydro, off-peak " 105 80 60 40
Ellidaidr Hydro, off-peak oo 5 5 5 -
GWh 514 512 515 520
Andakill-Vestmannaeyjar L 26.5 27 27.5 28
Rjukandi-StykkishSlmur " 6.5 7 7.5 8
GWh 547 546 550 556
Laxa Hydro " 67 70 73.5 75.5
Akureyri Thermal " 1 2 4.5 6.5
GWh 68 72 78 82

As pointed out below under "Power Market' this production is

not sufficient for the fertilizer factory during 1965-1967.
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c. Construction Costs.

All construction cost figures set forth below exclude all import

duties and taxes and interest during construction. They are based on

current wage rates and prices. Investment costs during 1964-1967 are

shown in Part II of this report.

Alternative A. Assuming the power development schedule shown

in table 2 the construction costs are estimated by Harza as follows:

Construction costs of Burfell in millions of U.S. §$.

Stage I.

Year

Costs
Stage II:

Year
Costs

Stage II1.

Year

Costs
Stage IV.

Year

Costs

Stage 1.1V

Total

Before 64 64 65 66 67 -
0. 80 0. 85 6.62 9.48 7.29 25.04

70 71 72 -

- - 0.15 2.31 1.53 3.99
73 74 75 -

- - 0.16 3.57 3.23 6.96
76 77 -

- - - 0. 54 0.88 1.42

37.41

This figures include a 230 kV transmission to Reykjavik and

necessary facilities there to deliver the power to the smelter at 230 kV

and to other consumers at 138 kV. They also include in the III stage the

initial Thérisvatn Stor age.

In addition to this come the gasturbine stations and the trans-

mission to Akureyri. Here, an 115 kV line is selected with a carrying

capacity of up to 30 MVA when series condensers are used. In order to

cut cost it is assumed that the ground will be used as a third phase,

meaning that the line will have only two conductors.

The costs are appraised as follows:
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Construction costs of gasturbine stations and an Akureyri

transmission in alt. A, in millions of U.S. $.

Year 66 67 68 69 70 71 Total
Transmission
Akureyri 0.80 1.25 - - - - 2.05

20 MW gasturbine
station 0.40 1.40 - - 1.80

20 MW gasturbine
station - - - - 0.40 1.40 1.80

0.80 1.25 0.40 1.40 0.40 1.40 5.65

The above figures are shown in table 7.

Alternative B. Hera, a normal 230 kV line from Burfell to Akur-

eyri is assumed, with a sufficient carrying capacity for an 110 MW
smelter in addition to the ordinary load or totally some 130-140 MW,
when the afore-mentioned 50 MW gasturbine station is used as a syn=

chronous condenser for power factor correction,

The cost of this 230 kV transmission (delivering 230 kV power to
the smelter and 66 kV power to the ordinary load) and the gasturbine

station is appraised as follows:

Construction costs of a gasturbine station and an Akureyri

transmission in alt. B, in millions of U.S. $.

Year 66 67 Total
Akureyri transmission 2.00 3.00 5,00
50 MW gasturbine station 0.60 3,40 4.00

2.60 6.40 9.00

These figures are shown in table 8 together with the cost of
the Burfell development which here is almost the same as in alternative
A, except for some rather minor changes in the transformer stations
at Burfell and Reykjavik.

Alternative C. The cost of the various developments is here

estimated as follows, see table 9.
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Construction costs of the various developments in alt. C,

in millions of U.S. §$.

Before
Year 64 64 65 66 67 68 69 70 71 Total
Hveragerdi 0.64 - 0.35 2.76 2.69 - - - - 6. 44
Efstidalur 0.08 - - - - - 1.30 2.60 2.47 6.45
Lax3i III 0.12 - 0.44 0.93 1.53 - - - - 3.02
Akureyri Thermal - - - - - 0.i14 0.70 = - 0.84
0.84 - 0.79 3.69 4.22 0.14 2.00 2.60 2.47 16.75

The Hveragerdi estimate which includes a new 230 kV trans=
mission line from Sog to Reykjavik (initially used for 138 kV) is made
by Merz and McLellan in London and Vermir and Thoroddsen in Reykjavik,
and the Efstidalur estimate which includes a ! 38 kV transmission to Sog,
by Harza and Thoroddsen. The Laxa III estimate is made by Thoroddsen.
Here, a new line from Laxi to Akureyri is not considered absolutely
necessary, but it is assumed that the existing line will be strengthened
somewhat. The cost of the extension of the thermal station at Akureyri

is appraised.

d. Operation, Maintenance and Fuel Costs.

Operating and maintenance costs mean here average cash expendi-
ture over a considerable period of time, necessary for normal operation
and maintenance. They do not include taxes, water rights, insurance,

reserve funds, profit etc.

Table 7, 8 and 9 show the estimated O & M and fuel costs for
the various alternatives. As it must be expected that the reserve capacity
in alternatives A and B will be used occasionally, a certain amount of
fuel cost is added because of this. The gasturbine stations in alt. A and
B would be automatically operated, and as they are mainly reserve
stations it is expected that their maintenance cost will be low. In alter-
native C the maintenance cost of the Akureyri thermal station will be

relatively much higher because of the energy production alloted to it.

O & M costs and fuel costs during 1964-1967 are shown in Part
II of this report.
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e. Power Market.

Table 1 shows the load forecasts and table 3 and 6 the estimated
load contribution of each station in the various alternatives. It must be
pointed out here that it is somewhat doubtful if tables 3 and 6 are correct,
as detailed (computer-) studies of the power systems discussed have not
yet been made, but it is believed that they reflect the essential truth, at
least as regards the power demand component, The Sog stations, having
water storage, will obviously be used for peaking together with the thermal
stations, but a detailed study may show that in certain years the firm energy
of the base load stations can not be utilized as fully as shown in table 3
and 6. This would probably mean more fuel consumption than anticipated
but it should also be borne in mind that the systems, especially in alt. A
and B, have considerable secondary energy capacity as the rated output
of the Blrfell units corresponds to best turbine efficiency and the water
flow in most years in much more than sufficient for rated capacity. The
amount of secondary energy has not yet been estimated and, -consequently,

it is not considered in this report.

During 1962-63, the energy losses and power stations consumption
in the Sog system has been 8-9%. It can be expected that these losses will
decrease as the systems expand, bLut in order tu be on the safe side it is
here assumed that approx. 91% of produced energy for the general load
in alt. A and B will be sold and approx. 95% of the energy produced for
the aluminium smelter. In alt. C, the same figure, or 91% is used for

the system in the South and approx. 93% for the system in the North.

Number of sold kW:s during the past years have been approx.
95% of produced kW:s. This figure is here used throughout for the general

load in all alternatives and also for the smelter in alt. A and B.

Table 10 and 11 show the estirnated power sales from the various
stations after year 1967, when assuming these losses. It will be noted
that the power sales to the existing fertilizer plant is credited to the Sog
plants although a part of the corresponding production will actually come
from the base load plants. It will also be noted that the power sales from
the Laxa I and II plants is in alt. C assumed to be the same as in alt. A
and B although a part of the corresponding production will actually come

from the Laxa III plant, see table 6.

During 1964-1967 the power sales of the Sog and Laxi systems

are estimated as follows:
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Power Sales So& 1964-1967.

Year 64 65 - 66 67

MW 76.5 80.6 84.9 89.9
GWh 368.0 389.0 410.0 437.0
GWh, off peak 99.0 76.5  58.5 36.0

Part of this energy is purchased from the Ellidaar stations. These

purchases are reflected in the operation cost of the Sog system.

Power Sales Lax3 1964-1967.

Year 64 65 66 67
Laxi I & II, MW 11.4 11.4 11.4 11.4
Lax3 I & II, GWh 62.0 65.0 68.0 70.0
Akureyri Thermal, MW 1.2 2.2 3.2 4.3
Akureyri Thermal, GWh 1.0 2.0 4.0 6.0

It will be noted that the fertilizer factory which requires some 100 GWh/
year in off peak energy will not get this amount during 1965-67 unless the
energy deficit is met with fuel in the thermal stations and/or secondary

energy from the Sog stations.
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IV. FINANCIAL STRUCTURE AND FINANCING.

a. Present Financial Structure.

The existing power system in Iceland may, in terms of ownership,

be divided into the following three categories.

1)

2)

The Sog System and the Laxi System both of which are jointly
owned by the State and the municipalities of Reykjavik and
Akureyri, respectively. They are the two largest hydro-develop-
ments in the country, and they both include a high transmission
link to the respective market centres in Reykjavfk and Akureyri.
All the power from these plants is sold wholesale to distribution

companies.

The State Electrical Power Works which is completely State-
owned. This is primarily a distribution system in charge of

the electrification of the less populated parts of the country.

The State Electrical Power Works own and operate several
small hydro plants and a number of thermal diesel plants, but
substantial power is also purchased from the Sog and Laxa
hydro plants. The State Electrical Power Works sell power both
wholesale to municipal distribution companies and retail through

their own extensive distribution network.

Municipal electricity companies. There are a number of such
companies all serving towns or small urban areas. Their main
activity is the retail distribution of electricity, but some of

them also generate electric power in their own plants.

The initial phase of the electrification of Iceland was characterized

by the rise of numerous small municipally owned urban distribution com=-

panies each generating its own power. During the last two decades a pro-

cess of integration has been taking place together with extensive electri-

fication of rural areas. This has tended to concentrate the development

of new power production in fewer hands. In the South-West the Sog Hydro

Plants have become the main producer of power for a large integrated

network which is being steadily extended. In the North Laxa supplies power

to the second largest integrated network in the country. In other parts of

the country, an increasing part of new power development has been in the
hands of the State Electrical Power Works.
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b. Further Integration of the Power System.

As the integration of the system progresses, it becomes more
important to unify power production and overall planning under a single
agency. The Sog System has to a certain extent become such an agency
for the South-West of the country and the Laxa System for a part of the
North. When the next major stage in power development is undertaken it
becomes important to decide how it should be fitted into the existing struc=

ture of the industry.

In view of the financially strong position of the Sog System it is
particularly important to integrate new plants with the Sog System. It would
also be economically beneficial to integrate the Laxa System into the same
company, especially if or when a transmission line is built to link the two

together.

The organizational structure now being favoured by the Icelandic
Government is to amalgamate the Sog and Laxd Developments into a new
entity, the National Power Company, which would be charged with the
responsibility for power production in order to meet the requirements of
those parts of the country which have sizeable integrated networks.

Initially this would only apply to the South-West and a part of the North.

The National Power Company would be primarily organized to
facilitate the large=-scale development of the cheap hydro-electric power
resources in Iceland both for industrial use and for distribution to the

main centres of consumption in the country.

c. The Equity Situation.

By overtaking the assets of the Sog and Laxa System The National
Power Company would start with a favourable debt-equity ratio. In order
to ascertain the initial equity position of the existing system, all the
assets of the Sog and Laxa have been revalued to end 1963 prices and de-
preciated to that date. By this method, which is further explained else=-
where, the net equity of existing system was found to be $ 9. 16 million
and total debt $ 13. 95 giving an equity ratio of 40%.

If a large-scale power development, such as the Barfell project,
is to be undertaken new equity will be important in order to strengthen
the financial position of the system. No decision has been taken so far on
the actual provision of such equity by the Government. Certain assumptions
have, however, been made for each of the three alternatives. These

assumptions, which are further detailed below have to be considered the
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most realistic appraisal obtainable at this stage of the financial commit<"

ment likely to be made by the Icelandic Government and the Althing.

Alternative A, Here is assumed that new equity amounting to $ 5.0

million is provided during the initial stage, i.e. up to the end of 1967. Of
this equity $ 800 thousand represents expenditure on the design and pre -
paration of the Barfell Project up to the end of 1963. The remainder would
have to be available in cash over the years 1964-1967. The following break-

down by year has been assumed:

$
before 1964 800 000
in 1964 850 000
in 1965 750 000
in 1966 1 300 000
in 1967 1 300 000
5 000 000

For the initial project up to the end of 1967 this would represent
close to 20% of total investment. At end of 1967 the total equity of the
existing and new systems would be $ 16.87 million giving an equity ratio

of just over 32%.

'Alternative B. It is assumed that new equity in this case will

amount to $ 7. 5 million. Because of the larger investment involved a
larger equity is needed than in alternative A, and it is considered real =
istic to assume that the Althing will be willing to appropriate more new
finance in this case because of the regional planning benefits involved. As
in case A, $ 800 thousand of this new equity is represented by the cost of
the Birfell Proje¢t to date. It is assumed that this equity will be available
in the following yeéars:

S,

Before 1964 800 000
in 1964 850 000
in 1965 1 250 000
in 1966 2 300 000
in 1967 2 300 000

7 500 000
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This new equity would represent 22% of the total investment in
the project up to the start of operations at the end of 1967. At that point
total equity of the existing and new systems would be $ 19. 3. million,

which represents an equity ratio of close to 33%.

Alternative C. As this alternative involves smaller investments

in the initial period there is not the need for a large increase in the equity
of the system. Neither would it be realistic to assume that the Government
and the Althing would be willing to make any new significant appropriations
for this purpose. Alternative C represents no departure from power devel-
opment policy in the past, when new equity from the State has not been
forthcoming in connection with new project by the Sog or Laxa System.
Here it is, neverthless, assumed that the State will provide as new equity
to a sum equal to the cost at Hveragerdi until the end of 1963, but this
includes use of several boreholes, which were developed for possible use
by a geothermal power plant. This represents new equity to the amount

of $ 840 thousand.

d. Sources of loan funds.

It has been assumed throughout the present study that borrowing
abroad would amount to up to 80% of the total investment and a 6% interest
rate has been allowed on all loans with an amortization period close to
IBRD practice.

At this stage it is only possible to make a very tentative appraisal
of the possibilities of raising funds from other sources than the IBRD.
Some preliminary inquiries and studies have been made and the following

sources of credit are considered most promising for this project.

1) An approach to a Swiss bank has indicated that it should be
possible to raise an Icelandic loan on the Swiss capital market
against a power contract with a Swiss Company such as Swiss
Aluminium Ltd. The amount could be $§ 3-4 million and the
time around 15 years. Discussions on this are, of course, only
preliminary so far pending further results from discussions

with the aluminium companies and the IBRD.

2) It is also considered reasonable to expect that a similar loan
may be raised in New York in cooperation with American Metal

Climax, but no actual negotiations have yet taken place.
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3) A preliminary approach has been made to the Export-Import
Bank in Washington regarding financing of procurements for
the Burfell Project in the United States. It is considered likely
that procurements in the U.S., would on a competitive basis
amount to not less than $ 3-5 million which n'qight then be fi=-

nanced by a loan from the Export-Import Bank.

This considerations lead to the conclusion that it would not be
unreasonable to assume that loans to the amount of § 9=12 million would

be obtainable for the Birfell Project from other sources than the IBRD.
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V. ECONOMIC COMPARISON OF ALTERNATIVE DEVELOPMENTS

a. Assumptions.

The three main alternatives to be compared are as follows:

Alternative A: Burfell power plant with an aluminium smelter

in the South and a transmission line to the North.

Alternative B: The same except that the smelter be located in
the North.

Alternative C: The development of three smaller power plants

in the South and North. No interconnection between the South and
North.

A detailed description of each alternative is to be found in pre-

ceding chapters and in tables 1=~ 11.

Economic comparison of the alternatives is made by calculating
present worth and yield of total investment on one hand and assumed
equity on the other. Calculations of present worth are based on the year
1967 as the initial projects in each alternative are assumed to be com=-
pleted before the end of that year. The main assumptions for the calcu-

lation are the following.

1) Life of Plants. Years
Hydro plants 40
Transmission lines 40
Reserve stations

(gas turbines) 40
Geothermal plants 20
Diesel stations (peaking) 20

2) Income: Total income for each alternative is derived from
forecasts of total sales of electricity as shown in chapter II
and table 1 of this report. Existing hydro plants are assumed
to produce at their practical capacity and the remaining load is

allocated to the projected stations.

The prices of power and energy used to compute income series

are the following:



To power distributing companies:
$ 22,70 per KW of peak demand
plus 1. 37 mills per KWh.

To aluminium smelter:
2.5, 3,0 and 3. 5 mills per KWh respectively during the
first 25 years and 3, 0 in all cases for the remaining 15
years of the life of Burfell I.

To fertilizer plant:
Primary load: same as to power distributing companies.
Off-peak energy: 1, 37 mills per KWh.

Computation of income for each plant or stage of plant is
shown in table 12 for alternatives A and B (identical) and table
13 for alternative C. It should be noted that alternatives A and
B are designed for sale of off-peak energy while peaking capacity

is provided for in alternative C.

3) Operational Expenses and Construction Costs: Estimates

for these are shown in tables 7-9 which are further explained in

chapter III above.

The basic information for each alternative is to be found in
tables 14«16 entitled ""Net receipts from operations' where a
breakdown is given of operational expenses and income for each
project during its assumed lifetime. Cost of fuel for thermal
generation is also included and an annual lump-sum payment to
the existing Ellidadr Thermal station for peaking capacity after

1973 in alternative C.

b. Yield of Total Investment.

Calculations of yield and present worth of total investment are
shown in tables 17-19. Estimates of construction cost without interest
during construction are given in Chapter III and tables 7- 9. All figures
are without import duties. The calculations are based on sales to the
smelter in alternatives A and B at the lowest assumed pricei.e. 2.5
mills per KWh. Estimates based on sales at 3,0 and 3, 5 mills are made
by computing separately present worth of additional revenue resulting
from the higher prices, i.e. 25 year series of § 0.22 and $ 0. 45 million
respectively and adding to totals in tables 17 and 18. These calculations

are shown in table 26. The results are tabulated below.
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Yield of Total Investment.

Present worth

6% 8%
Millions Millions Yield
of dollars of dollars % p. a.
Alternative A.
Price to smelter 2.5 mills 18.22 3.52 8.7
" " " 3.0 21.03 5.87 9.1
" " " 3.5 23.97 8. 32 9.4
Alternative B.
Price to smelter 2. 5 mills 13,80 - 0.98 7.8
" " " 3.0 n 16. 61 1.37 8.2
" " " 3.5 19.55 3.82 8.5
Alternative C. 0.70 - 3.04 6.3

On account of yield A and B both seem to be superior to C even
at the lowest price to smelter. A is also superior to B and the difference
in present worth of approximately $ 4. 5 million is a measure of the

financial burden resulting from locating the smelter in North.

No indirect benefits or costs resulting from larger power plants
and an aluminium industry are included nor are such effects of location

of smelter in North included. These are discussed in a seperate report.

c. Return to Equity.

It is assumed that new equity will be provided by the government
in cash for the initial projects of each alternative. This includes payment

of preliminary expenses.

New equity
Alternative A $ 5.00 million
Alternative B $7.50 "
Alternative C $0.84 v

In alternatives A and B the remaining investment in the initial

projects is assumed to be financed by loans and projects after that
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financed 80 per cent by loans and 20 per cent by equity from the surplus
generated by the existing system. In alternative C $ 1. 06 million of

equity for the first project is assumed to be provided out of the surplus

of the existing system. A total of $ 1.9 million or approximately 20 per
cent equity will thus be provided. Later projects are assumed to be fi-
nanced as in A and B. Cash deficiencies of each alternative during load-
building are assumed to be covered with funds from the existing system
which is equivalent to equity for the alternatives. According to projections
of financial operating results for the integrated systems funds will be
available for this purpose in all alternatives. Injection of further cash

from outside is, therefore, not necessary.

Estimates of investment outlay include interest on loans during
construction. Assumptions for the financing of each project are shown in
detail in tables 23- 25. The sources of loan funds are further discussed

in chapter IV.

Interest rate on loans is assumed to be 6 per cent per annum in
all instances and payment of interest and amortization by equal annual

instalments after a grace period. Loan period is assumed to be as follows:

Grace Repayment Total loan

period period period

years years years
Hydro plants 5 20 25
Transmission lines 5 20 25
Reserve stations (gas turbine) 3 17 20
Geothermal plants 3 17 20
Diesel station (peaking) 3 17 20

Calculations of the yield to equity are shown in tables 20-22. They
are based on the lowest assumed price to the smelter which is 2. 5 mills
per KWh, Calculation for prices of 3.0 and 3.5 mills are made separarely

as shown in table 26. The results are tabulated below.



- 25 -

Yield of Assumed Equity.

Alternative A
Price to smelter 2. 5 mills
1" 1 1" 3- 0 11
1" 1t 11 3. 5 1"

Alternative B
Price to smelter 2. 5 mills
11 [} ] 1] 3. 0 "
" 1t " 3. 5 "

Alternative C

Again with respect of yield to assumed equity A and B are both

Present Worth
at 8% p. a.
Millions of Dollars

8.31
10. 66
13.11

3.85
6.20
8.65

1.24

Yield
% p.a.

11.7
12.8
13.8

9.4
10.3
11.1

6.4

superior to C and A superior to B. It should however be noticed that

different amounts of equity are involved, the highest amount being in

alternative B and lowest in alternative C, which is also the smallest

of the three.
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Total
0.14
0.18
0.17
0.18
0.18
0.1
0.20
0.20
0.20

Table 13.

Revenue
0.02
0.03

02
0.03
0.03
0.04
0.05
0.05
0.05
0.06
0.05
0.05
0.05

0.12
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

laxéd III

13
18.5
17.5
22.5
23.5
28.5
34
34
34
34
34
34

Load
MW

Total
0.45
0.59
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

0.06
0.11
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17

GWh
0.17

Revenue

Efstidalur
0.39
0.48
0.48
0.48
0.48
0.48
0.48
0.48

48
0.48
0.48
0.48
0.48

+0.48

45

83
122
122
122
122
122
122
122

Load
MW

17.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0

94
94
94
94
94
0.94
0.94
94
94
0.94
0.94
0.94
0.94
0.94
0.94

ALTERNATIVE C.

REVENUE FROM POWER SALES
(In Millions of Dollars)

Total

0.46

0.68

0.90

0.94

0.94

Revenue
GWh
0.15
0.20
0.25
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29

31
0.48

65

65
0.65
0.65
0.65
0.65
0.65
0.65

65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

Hveragerdi

113
146
181
212
212
212
212
212°
212
212
212
212
212

Load
MW

13.5
21.0
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5

Total
0.02
27
08
0.24
0.48
0.48
0.48
0.48
48
48
0.48

0.00
0.00
01
03
0.03
0.03
0.03
03

0.03

Revenue
_GWh
0.

0.02
08
45

0.45

0.45

0.45
45

0.45

0.45

0.45

0.45

Thermal Stations

1.0
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5

Load
1.0
11.5

3.5

Projects completed
in 1967 and later.
20.0
20.0
20.0
20.0
20.0

Year
1968
1969
1970
1971
1974
1975
1978
1979
1980

RR]KR

oo QOoo

05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

34
34
34

122
122
122
122

22

21.0
21.0
21.0

21.0
21.0

0.29
0.29
0.29
0.29
0.29
0.29

212
212
212
212
212

28.5
28.5
28.5
28.5
28.5

48

8
0.48
0.48
0.48
0.48
0.48
0.48

3
3
03
3
3

45

.45
45

19.5
19.5
19.5

20
20.0
20.0
20.0
20

1983
84
1985

0.20

20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
.0
0.05
*0.05
0.05

0.15
0.15

0.15

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

6.5
6.5

0.65
0.65
0.65
0.65
0.65

65

65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17

0.17

0.48
48
48

0.48
48
48

0.48
48
48
48
48
48

0.48

0.48

0.48
48

0.48

0.48

0.48

0.48

0.48

0.48
48

0.48

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
- 122

122

21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0

94
0.94
94
94
0.94
0.94
94
94
0.94
94
0.94
0.94
0.94
0.94
0.94
94
.94

0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.2

0.29
0.29
0.29

65
0.65
0.65
0.65
0.65
0.65
0.65
.0.65
0.65
65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212
212

28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5

8.5
28.5
28.5
28.5

48
0.48
0.48
0.48

48
0.48
0.48
0.48
0.48

48

48

48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

48
0.48

0.

03
0.03
0.03

03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

.03

0.45
0.45
0.45
0.45
0.45
0.45
0.45

45
0.45
0.45
0.45
0.45

45
0.45
0.45
0.45
0.45
0.45

45
0.45

19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

1987
1988
1989
1930
1991
1992
1993
1997
1998
1999
2000
2001
2002
2003
2004
2005
2007
2008
2009
2010
2011



Net
Receipts
from
Operations
(17=-18)
(19)

Table 14.

Cost
Total
€7+8)
(18)

Operational

Income
Qa7

Total
(14+15+16)

(16)

Secondary
Load

Smelter
Bire

fell I
(15)

Total
G.L.
(14)

Income
v
(13)

(12)

Burfell

General Load
(11)

(10)

ALTERNATIVE A.

Net Receipts from Operations.

9

Thermal

(In Millions of Dollars).

Stations Stations
(8)

Fuel for

Thermal

o& M
[

Total

v

35 MW

(8)

III
35 MW

(s)

Birfell
33
35 MW
“)

Qperation & Maintenance
3)

Northe~
(2)

South
H.T.Line 105 MW

(1)

Projects completed

in 1967 and later
Reserve
Station

Year

n - MODTLTANNNNNNANANANANNNNDODOOLNR VOO N n
3 ® O g 3 2 (-] & R R N R I R e e R R o B o e B B d'ﬂ
r 2 88BREIZAAFISFAARFASIASSEARAARAAANAAA AN
HANNNN®M MNP PP IIIAAIIPASESDLONOON RGN OO n o
~ NI T T T T T T TSy ™~
56898 g PR R e N RERRRERREREERERREERRRKRREERRERER ERRKEEREE
RS BECRRRRERERRERREEREREERRERERRERERRERER
CQOOOO0O0OOOOOCOLOOOOOCOOOO0ODOOCOOOOOOLOO0O0OOOeR
n ord @4 N [ HOONODARNRNDNNNANANNANNNNANNNNNNNAN
SRIRIASRRANRE233328332383282853A533353853a7
-HANNNNMTIMO Y MOV LBVLLOBDDODOBOODHBD VBBV ONN
R e I I I T I I T I I I I I I s ~
AR E NN E RSN NRARANSNNNNNANNANGANNSNY
COO0OO0OO0OODOOCOOOCO0OO0OORQO0 QOO OOO0OOOO0O0OOCOOOOO
ot L R B e B e e o B e s - s e B s B B B B e B -« < ¢
AR AAAAARARAAAAAAARAARARIAIARIASARARIRS
L] e e e B B I B I B B B e B R B R I B B R R R R R N I A I ]
w nm el ot o e ot e el e e e e et - ~ -
8@%eggggﬁmggnmmmnammmnnmnnmnnnmnnmnnmnnn
SRR ARG ARRARARRARAARARRARRARARARARAR
OCHMFMANNNMNMMNMAETY YT NP AT IS RY ST -« . AL
QoA At ol - et ol et et o -t
RRGRaRgRGaRaaaaanaRanaaRaRanee
PCOCOOOO000CO0OORODOLOOOCOOOCOOO0O0C0C (=]

SOV HUOHVOUWLOVDVVVVUYYLONOVLODOLOONNNOWD
RS8R E8R a8 83383885838838383
D000 O0O00O0OLOO0OCO0OO0OO0O0OOO0O0O0OOOOO0OO0O0OOODOROO
o o e e e R N e e o N NN~ S o
COOOO0O0CQCOOO0OO0O0O00O00OOCOLOO0OCOO0DO0QCOOODODOOR
W N W0 W W @ a0 o0 00 00 OO OO 0O Q0 00 Q0 OO OO G0 0D QO OO W W W 0 Q@ W
8QNQ‘VQ‘QVVV$Q'V'“31V:Q‘V'Q‘V‘<'Q‘"VV'VQ‘@VVQ‘Q‘QVES&QQ‘
P RNIIIIIIIICITIIILICIITIITIIITILIIIINeRCS
(== R R R R R I R I R R I A I I I I I I I B R R R e I I R A R A e ]

w ® n (] N

88 & = 8

(-~} (=] (=] (-]
ODRANMNNANNENNANNNNNENNNNANNNNNNNNNN "o N NN
COOCONrm «ed Nl b rd rd vt pmd o md ot el ol ol el el rd e ol ol rd et el d o et e e e
[=N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N- - - N-N-N-N-N-N-N- N NNy -N-N-N-] [~ R =]
« VONAVRDOLHHVVHOYODUVNO OB OW NI ONINWI N IOW
“"W'Q .F!Q:V:‘:ln. .lD. .0000‘9000& 0 © 0o WWOODoYO 0w
© COQOOO0O0OCOOOO0OOOOROOOOCCOOOOOOQOLOO COoO0O0OOCOC
NN N N A N S ™~
855385585855385888858585588585888
COOCOO0O0OO0OOCOOOO0O0DOOOCOO0OO0O0OOOCOCO (-1 -
338333383832383288383283883383838323
COCO0O0O0O0OVO0O0OOOOOOOCOLOOO0OCCOOOOOOD0
MMOOMMMOMIMMOMNOONMMNMMNMNNNMNMNNMNOM MmMMONMmMMmMmonm
L e B e B R R I I B I I R B B R B I R e R I R I A e e e )
AR AAAAARAAARRASAAAARAAAA3A5A333337
DOO00O00O0O0QCOOOO0O00OV0IOOOLOO0O0O0OOCO0OOOOCQ
QA0 O [-R-%-] [~ N-d-N-N-N-Ne-] [~ B -E-N-N-N-N-] [-E-E-E-N-] (=] [~N-N-N-]
Qq‘?ﬂgggﬂﬂqg gnn nmg«:nmmnmmgmmnmqggmgmnqq
DO0O0O0O0QO0O0O0O0O00OO0O00OO00O0000O0LO000O0O0ROOOOORO
NN NANNNNNNNNNNNNNTNTNN NN NN NNNNNNNNNNNN
888288388383388388538388388588388882888382838%8
CCO0O0O00O0 COOCOLOOOOO COO0VOOOOO0O0OOOOO0OO0OOCOO
N - - TS e WYY b N T W o W
> e335333333333333333333333333333333333
oo O0O0ODOoOO0OOOQO COO0OO0OCOOCODOO0OOOOCOOO0OO0OO0O [=N-N-N-N -]
wmov—'ﬂm"’hmhwbﬁoﬂﬂV’Q‘lh@hQO‘IO"N“VW{DF”U’Q!*NWQ‘IOWF
mmhhhhhhbbbbmwmmwwwwwwammmmmmmmcﬁgo [-E-5-3-5=
DA NONANHNNNAONNNNHTAINRHIOINAIOND B 1= ogggo
L e B e B B B e B B B B B e B e e B I e B e e B e B e e B I AP I N N

2.65
2.65
2.73
2.73
2.81

.97
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0.45
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0.37
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0.16
0.16
0.16

07
0.07

3.10
3.10
3.10
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3.10
2.13
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2.13
1.18
1.18

0.27
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27
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2.83
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0.91
0.91
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0.13

2

0.04

2009
2010
2011
2012
2013
2015
2016
2017



from

Operations

(18=17)
(19)

Table i5.

Cost
Total
(7+8)

Operational Net Receipts
(18)

Income
an

Total
(14+15+16)

@16)

Load

Secondary

Smelter
Bure
fell I
15)

Total
G.L.
Q4)

Income
v
(13)

Birfell
III
Q2)

II

General Load
(11)

I
(10)

ALTERRKATIVE B.
NET REGEIPTS FROM OPERATIONS.

(9)

(In Millions of Dollars)

Thermal
Stations

Fuel for

Thermal

Stations
(8)

Total
O&M
(4]

v

35 MW

(6)

111
(s)

35 MW

Burfell

(4)

35 MW

3)

Operation & Maintenance

Northe=
(2)

South
H.T.Line 105 MW

)

Projects completed

in 1967 and later.
Akureyri
Reserve
Station

Year
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1.11

07

1.18 0.

0.27

91

0.

21



from

Operat ions

(12-13)

(14)
0.27
0.95
1.17
1.41
1.

1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42

Net Receipts

Table 16.

Operational
Cost
0.33

.44
0.48
0.55
0.85
0.85

85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85

85
0.85

Total
a2)
0.60
0.86
1.09
1.39
1.65
1.96
27
2.27
.27
27
2.27
27
2,27
2.27
2,27
2.27
2,27
2,27
2.27
2.27
2.27
2.27
27
2.27
2.27

III
(11)
0.14
0.18
0.17
0.18
0.18
0.19
0.20
0.20
0.20
20
0.20
20
.20
20
20
0.20
0.20
0.20
0.20
0.20
0.20
20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

Laxa

Income
Efsti~
dalur
(10)
0.45
0.59
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
.65
0.65
0.65
0.65
V.65
0.65
0.65
0.65
0.65
0.65
0.65

Hvera=
gerdi
9)
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0,94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94

(8)
02
0.27
0.08
0.48
0.48
48
0.48
48
48
0.48
48
48
48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

Thermal
Stations

ALTERNATIVE C.
NET RECEIPTS FROM OPERATIONS.

(€9
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21

(In Millions of Dollars)
0.21
.21

bution to 13.5
Thermal Station

Asgumed contrie
Mw Ellidadr

Fuel for
Thermal
Stations
(6)
0.01
0.09
0.11
20
20
0.20
0.20
20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

Total

oO&M
(s)
0.33
2.33
0.35
0.35
0.44
0.44
0.44
0.44
44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.11

Laxa
Il
1)
0.04
0.04
0.04
0.04
0.04
.04
04
04
0.04
0.04
0.04
0.04
0.04
04
0,04
04
0.04
0.04
0.04
0.04
0.04
04
04
0.04
0.04

0.

Efstie
dalur
3)
0.09
0.09
0.09
09
09
09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09

Operation & Maintenance

Hvera=
gerdi
)
0.29
29
29
29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0,29
0.29
0.29
0.29

(1)
0.02
0.02
0.02
0.02

02
0.02
0.02
0.02

02

02
0.02
0.02

02

02

02

02
0.02

02
0.02
0.02

02

02
0.02

0.
0.
0.
0.
0.
0.

Thermal

Stations

Projects completed
in 1967 and later.

Year
1968
1969
1970
1971
1972
1976
1977
1978
1981
1982
1983
1990
1991

IT
F'v-lr-:

n o
o ®
e o

0.20
0.20

08
0.09
0.09
0.09
0.09
0.09

.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29

0.02
0.02
0.02
0.02
0.02
0.02

1992

1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.492
1.42
1.42
0.61
0.61

0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.52
0.52

2,27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
1.13
1.13

20
0.20
0.20
0.20
0.20

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

.94
0.94

48
0.48
0.48
0.48
0.48
0.48
0.48

0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21

0.20
0.20
0.20
0.20
0.20
0.20
0.20

20

20
0.20
0.20
0.20
0.20
0.20

0.20

0.20
0.

04
0.04
04
0.04
04
04
04
04
04
a4
04
04
04

0.

0.09
09
09

0.09
09
09
09
09

0.09

02
0.02

02
0.02
0.02
0.02
0.02

0.
0.

1995
1996
1997
1999
2000
2001
2002
2003
2004



(12)
- 1.13
- 1.10
- 7.86
«11.20
- 8.54
- 1.01
- 0.31
0.01
1.51
1.38
1.

Table 17.

Present Worth
of Total Cash Flow (1967)
Q1)

- 1.09
- 1.07
- 7.72
=11.10
- 8.54
1.00
- 1.05
- 0.33
0.01

(10)
- 1.01

- 1.01
- 7.44
~10.90
1.02
1.79
- 0.37
01
1.95
1.
2.40

- 8.54
-1.13
0.61

Total
“Gash
Flow
(8=7)
(9

- 0.80
- 0.85
- 6.62
-10.28
- 8.54
1.08

- 1.43
0.82
- 0.56
0.01

Net Receipts
from
Operations
(Table 14)
(8)

2.28
2.35
2.70.
3.01
3.24

Total
Investment

Q)]
0.80
6.62
10.28
8.54
0.40
3.71
1.53
3.57
3.23

Iv

ALTERNATIVE A:
YIELD OF TOTAL INVESTMENT.
35 MW
(6)

(In Millions of Dollars)

j$34
35 MW

()]

Burfell

Investment
35MW
1)
0.15
1.53

(3

105 MW

Northe
(2>

South
H.T.Line

(63

Reserve

Station
0.40
1.40
0.40
1.40

ear

‘64
1964
1965
1966
1967
1968
1969
1970

Projects completed
1971

in 1967 and later

Before

1.65
1.52

1.95

83

28

L

ee

76
1.76
1.60
1.47
1.35
1.
1.14
1.04
0.96
0.88
0.80
0.74
0.68
0.62
0.57
0.55
0.50
0.46

42
0.39
0.36
0.33
0.27
0.25
0.23
0.21
0.19
0.17
0.16
0.08

07
0.07
0.06

96
1.81
1.67
1.55
i.44
1.33
1.23
1.14
1.06
0.98
0.90
0.84
0.78
0.72
0.70
0.64
0.51
0.47
0.44
0.41
0.38
0.35
0.30
0.28
0.26
.0.24
0.11
0.10
0.10
0.10

1.
" 0.55

2.45
2.31
2.18
05
94
1.83
1.72
1.63
1.53
1.45
1.29
21
1.15
1.13
07
1.01
95
0.90
85
80
0.7%
0.71
87
0.63
24
23
0.22
0.21
0.20
.0.14
0.13
0.12

1.
0.56

0.53
0.50

94

4.92
92

4.55
4.92
4.92
4.92
4.92
4.92
4.92
4.92
4.92
4.92.
4.92
4.92
5.18
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
15
5.15
5.15
15
5.15
5.15
2.65
65
2.73
73

4.55
4.94
4.92
4.92
4.92
4.92
4,92
4.92
4.92
4.92
4.92
4.92
4.92
4.92
4.92
5.15
$5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
2.65

65
2.73
2.73
2.81
1.97
1.97
1.97
1.11
1.11

gz8

-N-N-]

888

eece

1.97
1.97
1.11
1.11

2014

0.03
0.02
0.01
- 1.83

0.05
0.02
0.02
3.52

18.22

8,7 %

+ 3.52
18.3+3.52

Yield = 8

2015
2016
2017



Projects completed
in 1967 and later

Table 18.

ALTERNATIVE B.
YIELD OF TOTAL INVESTMENT.

(In Millions of Dollars).

Total

Cash

Net Receipts

Investment

Present Worth

from

Burfell

Northe

Akureyri
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Before 1964

1.4
- 0.06
0.54
1.58
-0.34
- 0.01

1.51
06

56

.67

- 0.37
- 0.01

83k

[-N-Ro]

1.55
- 0.39
- 0.01

.8
- 0.08
0.79
2.51
= 0.59
- 0.02

gant

NN

2.6
3.2

0 =Hmo
MmN ~nN
o mm

3.26 1.93 1.77 1.63

3.25
4.52

3.80
4.13
4.52

0.54
0.88

0.54
0.88

1.94
1.

[l
@ ©

2.18
2.03
1.90
1.77
1.66
1.55
1.45
1.35
1.26
1.18
1.10
1.03
0.96

2.44

91
89
4.89

91
4.89
4.89

29
2.16
2.04
1.92
1.82
1.71
1.62
1.52
1.44
1.36
1.28
1.21
1.14
1.12

89
89
89
89
89
4.89

4.89

1.43
1.32
1.22
1.13
1.05
0.97

0.

4.

4.89
4.89
4.89
4.89

4.

89
4.89
4.89
4.89
4.89
4.89
5.12

4.

4.89
4.89
4.89
4.89
5.12

0.83
0.77

0.64
0.59
0.55

0.82

g8

o

2
5.12
5.12

N
- o

0.77
0.72
0.67
0.63
0.59
0.55
0.51

0.95

5.12
5.12
5.12
5.12
5.12
5.12
5.12

0.51

89

47
0.44

5.12
5.12
5.12
5.12

5.12

79
75
71

0.67

-
<

8

S

0.42
0.40
0.37
0.34
0.17
0.16
0.15
0.14
0.13
0.09

0.28
0.26
0.24

0.56
0.53
0.50
0.26
0.24
0.22
0.21
0.20
0.13
0.13

5.12
5.12
5.12
2.81 -
2.81
2.81
2.81
2.81
1.97
1.97
1.97
1.11

5.12
5.12
5.12
2.81
2.81
2.81

12
0.11
0.11

2010

2011

10
09
0.06
0.05

2012

2.81
1.97
1.97
1.97
1.11
1.11

2013

2014

08
08
0.04

2015

05
0.03
0.02

12
0.06
0.06

13.80

2016

2017

04
5.55

11

- 0.98

7.8%

5.55
0.98+5.55

Yield = 7 +



Projects completed
in 1967 and later

Table 19.

ALTERNATIVE C.

YIELD OF TOTAL INVESTMENT.

(In Millions of Dollars)

Total

Cash

Net Receipts

Present Worth
of Total Cash Flow (1967)

from

Operations

Investment -

Efsti=
dalur
(3)

Tofal
Investment

Flow

Laxd

Hvera=
gerdi
(2

Thermal

%
(10)

(6=5)
(6 (€] (3)
=1.06

(Table 16)

(s)

0.84

11
(4)

Station
(1)

Year

-l.14

-1.10

-0 .84

0.12

08

64

Before 1964

1964
1965
1966
1967
1968

=0 .90
=3.95
-4.22

-0 .89

0.44

«3.91

-4 .22

0.12
-1.28
-1.53
-1.16

0.12
=1.31
-1.57

-1.20

0.13
-] .47
-1.87
-1.52

0.27
0.53
0.73

«l.26
-1.48
-1.12

188

oN N

0.14

70

1970
1971

95
1.17

2.47

0.80
0.89
0.83
0.77
0.71
0.66
0.61
0.56
0.52
0.48
0.45
0.41
0.38
0.28

83

0.87

1.17

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

41
42
42
1.42
1.42
1.42
1.42

-1.42

41
1.42

0.88
0.83
0.77
0.72
0.67
0.63

0.59

94
0.89

1.

42
1.42

0.79
0.75
0.71
0.67
0.63
0.59
0.56
0.53
0.40

929

et

1.42
1.42

0.55
0.51

1.42
1.42
1.42

1982
1983
1984
1985
1986
1987
1988

48
0.45
0.34

42
1.14

42
.42

28

~N

]
~

0.19

TT°

o

2,15
0.11

1.42
1.42
1.42

0.11
0.56

0.16
0.24
0.22
0.21
0.19

0.24
0.37
0.35
0.33
0.31
0.29

=X ]

©
w

0.30
0.28

9

1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42

42
1.42

1.42

1.

26
24
0.23
0.21

.18
0.16
0.15
0.14
0.13
0.12
0.11
0.10

42

20
0.19
0.17
0.16
0.15
0.14
0.13
0.12
0.12
0.11
0.10

.42
1.42
1.42

0.23
0.22
0.21

1.42
1.42
1.42
1.42

1.42

.10
0.09

0.18
0.17
0.16
0.15
0.15
0.14

0.09
0.08
0.07

06

09
-0.04
0.04

2

42
1.42
1.42
1.42
0.61
0.61
0.56

1.4
1

0.03
0.02

61
0.61

0.05

0.02
0.02
-3.04

0.05 0.03
0.04 0.03
-l.39

0.70

56

0.

6.3 %

0.70
0.70+1.39

Yield = 6 +



Table 20.

Present Worth

Net
Cash

Net Receipts

Total

{In Millions of Dollars)

ALTERNATIVE A.

YIELD OF EQUITY.
Burfell

Debt Service

Northe

Investment

Projects completed
in 1967 and later
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Before 1964

0.15
0.28
0.26
0.12
0.11
0.05
0.03
0.02
0.02
0.02
0.02
0.01
0.01

~0.38

0.18
0.35
0.33
0.29
0.24
0.16
0.15
0.13
0.08
6.04
0.03
0.03
0.03
0.03
0.02

0 01
1.13

0.33
0.65
0.63
0.38
0.24

©0.11
0.10
0.10
0.09
0.09
0.06
0.05
0.05
0.03
0.02

0.40
8.31

1.77
3.84
4.00
4.00
3
4.53
4.53
4.53
5.05
5.15
5.15
2.65
2.65
2.73
2.73
. 2.81
1.97
1.97
1.97
1.11
1.11

4.92
4.92
4.92
4.92
5.15
5.15
5.15
5.15
5.15
5.15
2.65
2.65
2.73
2.73
©2.81
1.97
1.97
1.97
.11
1.11

3.15
1.08
0.92
0.92
0.62
0.10
0.10

0.10
0.10
Q.10
0.10
0.10
0.10
0.10
0.10

. 0.10

5= 1.7 %

52
0.52
52
0.52
0.52
0.52
0.52

1.13
0.38+1.

0.30
0.30
0.30
0.30
Yield = 11 +

1.93

0.16
.16

0.14

1989 °
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000-
2001
2008
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2015
2016
2017

2002



Projects completed
in 1967 #nd later

Table 21.

ALTERNATIVE B.
YIELD OF EQUITY.

(In Millions of Dollars)

Net

Net Receipts

Debt Service

Cash

from
Operations

Total

Burfell

Noxrthe

Akureyri

Investment

Present Worth
of Total Cash Flow (1967)

8%

10 %

9%

IV

it ,
35 MW

35 MW

II

35 MW

South
H.T.Line

Reserve

Station

Financed

Financed

(10=2-9)
(11)

(Table 15)
(10)

Service
(9)

(6) (€] (8)

105 MW
)

) ) 4)

by Equity

by Loans
(1)

Year

«1.17
-] .13

-1.13
«l.10

=1.09
-1.07

-1.46

=0 .80
=0.85

Before 1964

1964
1965
1966
1967
1968

0

~N

-
'

5.37

0.22
0.30
0.39
0.48

- 0.23

0.26
0.36
0.48
0.60
0.54
0.49
0.46
0.42

0.39

QN OAMWY
RSYRREIR

i :
TITTRITT

N %
[}

0.51
0.77

~ © 8

L
TIEEETE

MHMAENNNN®

3.80
4.13
4.52

8

QN MmN
Q'Ib.ln.l\l‘wv-‘
NN NNM

1.71
1.83

0.36
0.36
0.52

0.21
0.21
0.30
0.30
0.30
0.30
0.30
0.30

1.24
1.24
1.81
1.81
1.81
1.81
1.81

81

81

81
1.81
1.81

0.26

26
0.26
0.38
0.38
0.38
0.38

38
0.38

0.21
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

2.30
2.30
0.03
0.46
0.31
0.03
0.71
0.65
0.11
0.18

1.85
1.22
0.13
2.58
0.43

9.78
11.28
0.12

1970

1971
1972

a3
0.43
0.53
0.48
0.43
0.40
0.37

0.34

3.41
3.41
3.41
3.44
3.44
3.44
3.44

0.70

1977

.11

0.07
0.07
0.07
0.10
0.10
0.10
0.10

91
89
89
4.89
4.89

38
33
38
0.38

0.38

2848

(=~

0.29

48
1.45
.45
1.45
1.45

89

0.52
0.52

52
0.352

30
0.30

81
81
1.81
1.81
1.81

.38
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0.95

3.85

55 =9,4%

+ 0.95
1.3240.,

Yield = 9



Projects completed
in 1967 and later.

Table 22.

ALTERNATIVE C.

YIELD OF EQUITY.

(In Millions of Dollars)

Net

Net Receipts

Debt Service

Present Worth
of Total Cash Flow (1967)

from Cash

Operations

Total

Investment

Flow

Debt

Laxé
Service

111

Efsti=
dalur

Hveraw
gerdi

Thermal

Financed

Pinanced

(Table 16)

(B=2-7)

Stations

by Loans by Equity

Year

(12)

(10) (11)

(9)
-0.84

(8)

(&

(6)

(s)

@)

3)

(2)

1)

-1.10 -l.14

-1.06

84

Before 1964

1964
1965
1966
1967
1968
1969
1970

-0.17

-0 .16

=0.17

«0.15

0.15
0.15
0.76

0.64

«0.16

«0.1

3.54
3.46
0.11
1.60
2.08
1.98

=0.15

-0.76
-0.44
=0.,55
=0.58

0.27
0.53
0.73
0.95
1.17
1.41
1.42

0.68

0.16
0.16
0.23
0.23
0.23
0.23
0.23

03
0.40
0.52
0.49

0.68
0.79
0.82
1.15
1.15
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
0.78
0.78
0.78

0.52

0.04

=0.36

0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.52

07
0.07
0.07
0.07
0.07

0.01

0.01
0.18
0.08

0.02
0.26
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.58
0.20
0.21
0.31
0.22
0.53
0.51
9.51
0.51
0.99
0.99
0.99
0.99
0.99

0.33
0.33
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

0.16
0.07

0.

0.17
0.07
0.07

07
07
07
0.06
0.06
0.06

0.23
0.23

0.06
0.06
0.05
0.05
0.04
0.04
0.04
0.03
0.03
0.14
0.05
0.04
0.06
0.04
0.09
0.08
0.07
0.07
0.12
0.12
0.11
0.10

0.06

07

06
0.06
0.05

1.42

23
0.23

1.42
-1.42

0.07
0.07

23

23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23

0.

05
05
04
04
0.04
0.17
0.05
0.05
0.08

1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42

07
07
07
0.07
0.07

05
0.05

05

04
0.20
0.07
0.06 -
0.09
0.06
0.14
0.13
0.12
0.11
0.21
0.20
0.18
0.17
0.16
0.15

0.15

0.06
0.44
0.43
0.02
0.11

0.22
1.77
1.72
0.09

1986
1987

09
09

0.38
0.38

0.05
0.11
0.10
0.10

1.

0.45

0.89

0.03
0.05
0.05
0.05

©
-«
(=]

8

0.48

-«
=

09
0.16
0.15
0.14
0.13
0.12
0.12°
0.11
0.10
0.09
0.09

0.38

0.38
0.38
0.38
0.38
0.38
0.38

05
05
05
0.05

09

05

0.08
0.08
0.07

0.14
0.13
0.12
0.12
0.15
0.14
0.13
0.06
0.05
0.05
0.04
0.36

0.9

0.99
0.99
0.99
0.99
0.99
1.37
1.37

[~ -~}

5
5
0.05

0.07
0.06
0.06
0.07
0.07
0.06
0.03
0.02
0.02
0.02

08
0.10
0.10
0.09
0.04
0.04

1.37
0.61
0.61
0.56
0.56

CoOO0O0OO00O

nowwonmonao
000000

T e h e e e
ocoo0oO00O0Q

03
0.03

=0.58

.24

6,4 %

0.36
0.3640.58

teld of Bquity = 6 +
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