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Introduction

Energy consumption in 1968

The total energy consumption in Norway in 1366 was in excess
of 13 mill. tons o0il equivalents. This does not include
consumption in connection with ships sailing overseas. The
growth of the national demand has been very strong in the
years following 1950. In the period 1950-1960, it was 5% p.a.,
E;4% pia. in the perigd:1960-1966, and 7%.p.a. im the

period 1966-1968. The total energy consumption in 1968 being
15,156 mEil. E.e..e.

Since 1900, the type of fuels used has varied very much. Coal,
coke and wood played an important role in the country's energy
supply until the first years after the second World War. In
1866, however, these fuels amounted to less than 1/10 of the
country's basic consumption. Hydro-electric power and oil
predominate the fuels used today. Hydro-electric power provides
a large amount of the country's need. However, despite the
large domestic supply, Norway uses a large amount of liquid
fuels, which causes the energy supply to be very dependent on
imports. The consumption of energy in Norway is shown in
tables I and II (6).

Table I: Total consumption of utilized energy in Norway in

1966, according to categories of consumption.

golid 19 Eiquiad ‘2 Bydere= [ Total Total
fuels fuels elec.
power

e e e e e e e e e e e e et e e e e e b e = e e = —— e e e p -

Power-demanding industries| 760 1 140 186 500 18 400 Z7

Other industries 400 12 850 6 720 19 970 29

Communications 7 4 780 362 5 149 7

Domestiec and agricultural [2 200 4 130 g 980 L6 280 =

Others

3) 708 4 559 3 435 8 702 12

Total Tcal 4 075 27 58 37 967 68 501 100

Total % 6 40 54 100 =

15
7
33

including gas from ovens in iron and steel plants and from coal.
including fluid gas.
uncertain (calculated residual).
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Table II: Total energy consumption in Norway 1968

So.l Ld e R Hydro-

fuels fuels electr. LeRa
___________________________________ Jopewer. e
Total mill. t.o.e. |1l 137 5 5816 8 49?2 15 156
Total % /L 316155 56 100

Expected fuel consumption in 1980

Estimates for 1980 are based upon the following assumptions (6):

- assumed growth in gross national product 4% p.
- assumed average growth in industrial production 5% p.
- growth in total energy consumption 1966-1970 553%

- L G i e 1970-1990 4,5%

(including mobile sources, which are expected to have

(U O & A D (0
AU

very strong growth in energy consumption).

There are two alternatives worked out for the proportions
between 0il and hydro-electric power. The first alternative
gives 01l a high proportion, the second gives the larger
proportion to hydro-electric power (6). It is most probable
that the true figure will lie somewhere in between and the
arithmetic mean is used here (the latest oil price increases
will perhaps now favour hydro-electric power). 0il from the
North Sea is not taken into account for it is assumed that
there will be no real utilization of fuel from this source
until after 1980.

Domestic consumption

This type of o0il can be divided into room heating and
household requirements.

Household requirements are purposes mainly covered by
hydro-electric power. The growth in hydro-electric power

consumption in this sector was 5% p.a. until 1964. The total



energy requirements for room heating grew in this same period
at almost 3% p.a., hydro-electric power alone increased 8% p.a.
There is no reason to expect strong growth in room heating by

hydro-electric power in the future (6).

It is assumed that the total energy-demand for room heating
will increase at a rate of 3,5% p.a. until 1980, and gradually
decrease until 1990. It is uncertain whether the use of
hydro-electric power will expand at the sacrifice of liquid
fuels, or vice versa. This will be determined, among other
things, by the price differential between hydro-electric power
and oil, and possible restrictions against use of heavy fuel

0il to prevent air pollution.

On the 1lst November 1970 a law was introduced in this
country stating:
"All public oil fired plants and private plants in
Oslo with a yearly consumption of less than 700 metric
tons, must use fuel oils having less than 0,8% by
weight of sulphur, and be free from residue.
Private plants in Oslo with a yearly consumption of
more than 700 metric tons must use fuel oils having

less than 2,5% by weight of sulphur".

It is possible that this law will be altered in autumn 1971.
Other industrial towns in Norway may come under this law in
the future, depending on the state of the air pollution which

they suffer.

Based on the price differential between o0il and hydro-electric
power today (that is before the last increase in oil prices),
hydro-electric power will probably meet 60-80% and liquid
fuels 20 - 40% of the energy demand for house heating; coal,

coke and wood not being taken into account.

1980 high low

hydro-electric power 24 600 GWh 21 600 GWh
liquid fuels gu0 000 tons 640 000 tons
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Mining, pulp, paper and other industries (6)

With regard to domestic central heating, the price differential
between liquid fuels and hydro-electric power will determine
their proportional use in the future. Furthermore, the price
and applicability if the equipment using such energy will have

some influence.

high low
hydro-electric power 11 400 Tcal § 100 Tecal
liquid oils 19 300 Tecal 14 000 Tcal

Growth in the total energy demand will be in the order of
2% p.a. In 1966, the firm consumption of hydro-electric power
was 30% of the total energy consumption. In 1990 this 1lie

somewhere between max 50%, min 25%.

high low
Hydro-electric power 1980 4 020 GWh 2 770 GWh
(8% p.a.)

(Estimates from Pulp and Paper Council: 5 280 GWh).

Commercial and Service industries

Although the dominating part of the consumption is for room
heating, 1llumination also takes an important part. The growth
of demand has been 7,4% p.a. in the last few years, but this

is expected to decrease to some 5% p.a.

1980 high low
hydro-electric power 11 000 Tcal 7900 Teal
liquid fuels 7 900 Tecal 4 800 Tcal

Power-demanding industries

While the growth in other industries is almost independent of

energy supplies, the power demanding industry is dependent



on supplies of cheap hydro-electric power. It is assumed
4% p.a. growth until 1980, and a consumption of hydro-electric
power in 1977 of 39,1 TWh,firm power with regard to the electric

power stations.

The average growth in the aluminium industry has been estimated
to be 12% p.a. until 1873 with the exception of the planned
building of two new plants. The average growth in the iron and
steel industry is calculated to be 12% p.a. in the next three

years, not including the planned building of a further new plant.

The production of ammonia based on hydro-electric power 1is
‘expected to decrease. The production of calcium carbide will
probably continue at its present figure whilst the production of

silicon carbide will increase.

The relationship between o0il and hydro-electric power

As mentioned, the relationship is very dependent on economics.

The situation is illustrated by figure 1.

ore/kWh
)
Norway total P
> 40
7 |
./ 30
/'r
//
=] I 20
Dammed or sanctioned .
= 1
by 1.1 1970: 72.0 TWh
1 1 'l L O
(0] 50 100 TWL
Figure 1: Remaining available hydro-electric power resources

in Norway (not dammed and not sanctioned by 1/1 1970).
Stipulated building costs, 1967-prices.

Norway has enough natural water resources to cover the expected
energy demand in the next decades. Calculations have shown that
it will be more expensive to base the whole energy demand on

hydro-electric power in the future, than to combine it with oil

fired electricity generating plants. Remaining hydro-electric



power resources, at the economic favourable price level (below
28,5 gre/KWh), are still so great that this will be the domi-

nating energy resource in the next decade. In this period,

the electricity production will be based mainly upon
hydro-electric power. With the cost-relations existing in our
country between o0il fired electric plants and hydro-electric
power plants, it will be necessary to produce eletricity from
oil for only shorter periods. The primary function of the
electricity from oil will be as a supplement in years when
water supply is low. One estimate for 1980 (6) assumes that

0il fired power plants will provide 1,5 TWh, while hydro-electric
power provides 91,5 TWh (93 TWh total). This report is based

on there being one o0il fired power plant with 250 MW capacity

in 1980 with an average of 1300 working hours per year. No
definite decision has yet been taken regarding the building of
and atomic and/or oil fired power plant in Norway, however, the
first atomic power plant in Norway is planned to be in operation
in 1981. At that time, electricity must be available from oil
fired power plants, whether it comes from Norwegian or a Swedish
source (or Danish). If this plant is built in Norway, it is
assumed it will be built without abatement equipment. This
plant will consume 65 tons oil/hour at 250 MW capacity.

The use of o0il having a sulphur content of 1% by weight is here

assumed.

Consumption of fuels in 1968 and 1980

Coal 1968

Dewestic and commspoial total: 98 000 toms = &% 000 t.s.=. (10).
Industry (exclusive iron and steel plants and coke ovens):
15k 000 Teme » 95 BO0 R 60 @y (1L0J.

Norsk Koksverk A/S (coke-ovens) does not use coal or coke for

heating purposes.

Iren and gteal. plants; 10 teme = 7 t.¢se. (L1l). (this is mno%

taken into account in the regions).

Consumption in Oslo (13): industry 3 500 tons 2 800 Es@ae. s

2 800 t.o.e.

domestic and commercial 4 000 tons



The rest of the coal consumed by "domestic and commercial

users" is based on the regions with regard to their population.

Imported via Oslo from Poland: 17,500 tons: This provides
nearly all the consumption in Oslo, Akershus, Hedmark and
Oppland (13). The total sum of the consumption by "domestic
and commercial users" in those regions exceeds that imported
via 0Oslo. The difference is assumed to be covered by import

via other places (Drgbak, Drammen, Trondheim).

These assumptions lead to the conclusion that there is no con-
sumption of coal for heating purposes in the industry in these

regions.

The distribution of the coal consumption in industry in
these regions is uncertain. Heavy consumers for heating purposes
are (1103

Food manufacturing industries 1 600 tons
Coal mining 4 000 tons
Breweries and manufacturing of malt 1 000 tons

Manufacture of structural clay productsS5 000 tons

Manufacture of transport equipment 1 000 tons

Total sum (1968) 15 000 tons

That these figures do not agree very well with those first
mentioned (10), is due in part to the fact that they include
coal as raw materials in industries excluding iron and steel
plants and coke ovens. An example is the production of
electrodes in the aluminium industry. It is assumed that this
amount is too small to have any influence on the total energy

picture.

This group is divided on the regions according to their

population.

Coal 1980

Consumption in industry, iron and steel excluded
20 000 tons 14 000 t.o.e.

divided in

industry 11 700 Eons 8 200 tons

domestic and commercial
8 300 tons

5§ 800 ts0.e.



Only one new plant is expected to use coal in 1980 (A/S Leca
at Rzlingen). The consumption there will be 5 000 tons =

3 500 t.o.e. The remainder is expected to be shared by the
biggest ports, where the coal can be imported cheaply. These
will be in the regions @stfold, Oslo, Telemark, Sgr-Trgndelag,
Vest-Agder, Nordland and Troms.

Coke 1968

Domestic and commercial total
208 000 tons = 139 200 t.o.e. (10)
Industry (excluding iron and steel plants and coke ovens)
171 000 tons 114 600 t.o.e. (10)

Iron and steel industry
1l 343 tons

(this is ignored in the regions).

900 t.0.e. GLL)

Consumption in Oslo (13):
Domestic and commercial

21 500 tons
industry 1 500 tons

14 400 t.o.e.
L 000 tyees

Coke imported via Oslo: 30 000 tons, which is expected to

cover the consumption in 0Oslo, Akershus, Hedmark and Oppland.

As for coal this leads to a negligable coke consumption in

the industry in these regions. The coke consumption by domestic
and commercial and other industries is divided between the other

regions according to their population.

Coke 1980

Expected total use in Norway (7):

Other industries 18 000 tons 172 10100) st ere s

Domestic and commercial 40 000 tons = 27 000 t.o.e.

These figures are based on the 1968 consumption. Coke in
the iron and steel industry is assumed to equal the 1968

consumption.



Gas manufacture in 1968

At present, there are two gas-works in Norway, one in Oslo and
one in Bergen. The gas is produced from light naphtha,

0,48 - 0,49 kg naphtha gives 1 Nm> gas (14). 1 Nm° gas

= 0,02 Eleges )

Table III: Consumption of manufactured gas 1968

1968 tons naphtha (10) 1000 Nm3 Fo®eBe
Oslo 5 811 12 000 5 000
Bergen 8 35U 17 000 7 000
Total 14 165 29 000 12 000

The gas is available for both industrial and domestic use,

at an estimated usage of 50% to each group. The delivery

areas are limited to Oslo and Bergen. The gas does not contain
sulphur (14). Light naphtha contains <0,05% by weight S (17).

Gas manufacture in 1980

The consumption is assumed to be constant from 1968 to 1980.

The total L.P.G. in Nerway im 1966 (7) amgunted to~13 000 %£.0.e.
and was used for private consumption, agriculture, ships and
industry. Since this amounts to a very little part of the total

fuel consumption, it is estimated:

Table IV: Consumption of L.B.G.

T.o.e. 1968 1980

Industry 6 000 7 000
Domestic and Commercial 6 000 7 000
Total 12 000 14 000

These figures are distributed throughout the regions according

tc thelip population.



Fuel oils

Specifications for fuel

i, =

oils

Table V:

Type p BlEE
Light petroleum 0158, €0k 718
Gas o0il (fyr 1) 0,85

Diesel oil (fyr 2) 0,90
s )

as free of sulphur.

- o . o = . T e M e . e = = P = . o = o = = T = = = = = — —— — — — — =

Type o
right fuelk (B 3) 0,93
Heavy fuel (fyr 4-6) 0,96

fyr 4
fyr LA
fyr 5
fyr 6

Bunker C

Domestic and commercial 19

Specification for fuel

68

Agriculture is placed in this group.

given by (12) for each region.

Domestic and commercial 19

80

oils
Lower
%9 e el fia
’ value
(kcal/kg)
<0,05!) 5)
0,4 10 300
0,5 10 200

) in this report calculated as 0,04% S.
smog point 26-35 mm, flash point 4L0OC.
light naphtha also included,

9

Lower calorific
value (kcal/kg)

780

Ash
content

s S <0,05, here calculated

Ash
content

The figures for 1968 are

Increase in the energy consumption in this sector is caused by

population increase, and the decrease in the consumption
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of coal and coke, may be covered by fuel oils or electricity.

The proportions can be assumed in a high and a low estimate

for each. The most probable proportion lies somewhere in
between. The arithmetic mean has been chosen.
Growth in o0il consumption for fuel combustion: 4% p.a.

(5% = 2,88) watal 1580, 8:2% p.8. in the fellowiny yeans (7}

Table VI: Consumption of fuel oils by domestic and commercial
users

Norway total t.o.e. 1968 1980

Light fuel ocils 978 433 L 566 500

Heavy fuel oils 278 B76 606 100

Total 1. 357 Q09 2 A2 606

It is assumed that the proportions of light to heavy fuel oils
are the same. In fact, the regulations by law will tend to
favour the consumption of more light fuel oils, and this is
seen as a change for the good. These figures are

based on the regions according to population expectation in

1980, and consumption of fuel oils in each region in 1968.

The consumption of fuels by "domestic and commercial users"

is given by (5), based on monetary values:

Wood 1 a2pige 16 000 NiEr
Peat 20: "
Coal and Coke 400: £
Fuel oils 1 800 u
Gas 153 L
Hydroelectric power 8 800: i

These numbers shows that there is a large consumption of wood

in Norway. This is not taken into account in this report.

Refineries

Vestfold (20)

Refinery fuel (fyr 6), 2,2 % S

19682 27 000 t.o.e. — 1 188 tons S0
1980: 35 800 t.o.e. — 1 575 tons SO0,
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All H,;S produced is burnt for heating purposes. The emission
of SO, by burning of H,S in 1970 (12) at Slagentangen was

of 1 692,8 tons with a refinery capacity of 4,2 mill. tons
crude o0il pr. year. The refinery capacity in 1968 was of

2,9 mill. tons crude oil pr. year, which gives a relative
SO,-emission of 1 168,8 tons. It is assumed that Vallgy has
the same sulphur content in the gas burnt there. These
calculations give a SO;-emission of 65,2 tons in 1968. The

SO;-emissions in 1980 are calculated in the same manner,

%

assuming the same % S in the gas and no abatement equipment.

Rogaland (10)

1968
Refinery fuel, 2,5 %S, 0,02 % ash

35 800 t.o.e. — 1 790,0 tons SO0,

Refinery gas, 0,6% S, 11 500 Tcal/ton

4Lt 400 t.0.e. —p 556,8 tons SO0,

1980
Refinery fuel, 1,7% S, 0,02% ash

48 000 t.o.e. —> 1l 632,0 tons S0,

Refinery gas, ¢ 0,01 %S (= 0,01 %S)

228 000 t.co.e. —» 45,6 tons S0,

The refinery has a Claus-equipment for sulphur.

Hordaland (19)

The refinery at Mongstad will start up in 1975. It is planned
with sulphur recovering installation for the gas, with 90%

efficiency.
1980
Refinery fuel, 1 %S
40 000 t.o.e. ===y 800 tons S0,




Refinery gas

180 000 t.o.e. —p 500 tons S0,

The rest of the Mongstad complex is included in the 4 % annual

increase in oil consumption in industry.

Table VII: Total consumption by refineries

1980: Case 1

1968 {1980 {1968 1980 [1968 1380 19681980
________________ Tk e e S et R R Rt
Refinery gas LOL o | 50853 1983 s8| LIZLgY | LTG0 ,01 280050} 32 54 | LO2,
Refinery fuel 62,8{123,8|540,1|1064,7|2878,0|4007,01179,6 {354,

Refinery fuel o0il is treated as heavy fuel oil with average

sulphur content 2,2%.

Iron and steel plants

This group includes basic iron and steel industry (11): manu-
facture of ferro-alloys, iron and steel works and rolling mills,
iron and steel foundries. Smelting and refining of metals are
included in"other industries". The smelting industry is propor-

tionally large in Norway.

Most of the steel production takes place at three large plants:

Norsk Jernverk A/S, Nordland (6 ovans)
Christiania Spigerverk A/S, Oslo

Bremanger Smelteverk A/S, Sogn & Fjordane (1 oven).

The melting ovens producing crude iron are all electrically
heated. The gas from the crude iron is used for heating purposes
at Norsk Jernverk A/S. Bremanger utilizes 20 % of their gas,

the rest is burnt in free air. The gas utiliza=d at Bremanger
is comparatively small, and therefore neglected here. The con-
sumption in this group is taken from (11). Due to the small
amounts of fossile fuels utilized for heating purposes, these
figures are included in "other industries" in the regions

(excluding Norsk Jernverk A/S).



The consumption of gas in this group is represented by the

consumption at Norsk Jernverk A/S (22) which is as follows:

1968:
Gas: 32 mg S/Nm3
235 000 000 Nm® = 98 700 t.o.e. —s 15,04 tons S0,

Heapy foel odlz 2 %8s 9§ 900 tiGee.

1380
Gas: 32 mg S/Nm3

380 000 000 Nm3 = 159 600 t.0.8. —3% 24,32 tons S0,

Heavy fuel o0il: 2 %S: 9 900 t.o.e.

Coke ovens

The only coke oven plant in Norway is situated in Nordland.

ITte cenFummmption s (17):

191618} :
Heavy fuel "Bunker C", 2,5% S: 9 000 t.o.e.
Light naphtha (0,08% § &2 0% &) ' 10 000 t,0.e.
Coke oven gas (S removed), 4 500 kecal/Nm®
7.107 Nm® = 31 500 t.o.e.
1980:
Fuel oils will probably be replaced by gas or hydro-
electric power in the future. It is here assumed that
gas is used. Coke oven gas: 50 500 t.o.e.

Other industries. 1968

This group includes smelting and refining of metals. All smelting
ovens are heated by hydro-electric power.

In the production of siliconmanganese and ferromanganese in
closed ovens, the gas produced may be utilized for heating pur-

poses (the gas from production of ferrosilicon may not).
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Plants using their gas are:

Sauda, Rogaland

Tinfos, Telemark

Porsgrunn Elektrometal, Telemark
The plant last mentioned burns the main part of the gas
produced in free air, some is sold to Norsk Hydro A/S, Telemark,
which has also a closed oven for production of carbide. The
amounts utilized are relatively small, and very difficult to

estimate and in this report they are not taken into account.

The consumption of fuel oils in each region is given by (12) and
the figures are used directly. In the regions the consumption
by iron and steel industry is included in "other industries".

The consumption at the refineries is not included.

Consumption of gas

Table VIII: The consumption of gas in Norway 1966 (7).

National consumption. 246 mill m3
Utilized for secondary energy production 65 L
Total 311 mill m°

as 1 306 tcal

78 WD .0t
L7 500 t+0 e

Utilized in industry: 790 «teal

Utilized domestic & commercial 175 tcal

Utilized total 965 tcal = 96 500 t.o.e.
Refineries 1968: 101 400 t.o.e.
Coke ovens 1968: 31 5010 taowes

Iron & steel 1968: 98 700 t.o.e.

These figures show that there may be small amounts of gas

left for other installations.

Other industries 1980

The amnual grewth in the total sfepgy-demand in igpdustey is

expected to be 5% (6). The power-demanding industry is expected



to have a higher annual growth, but as this growth will be
met by hydro-electric power, it is of no consequence in

this case.

It is assumed that fuel oils will meet the falling consumption

of cocal and coke.

The highest estimate for oil consumption for heating

% annual growth, the lowest 2,8 % p.a.. The

purposes gives 5
average, 4% p.a., is chosen without changing the proportion
between light and heavy fuel oils, or the relative amounts

consumed in each region relating to 1968.

In 1970 taxes were introduced on fuel o0ils relating to their
sulphur content, but these taxes were to small to make light

fuel o0ils economically competitive with heavy fuel oils.

4. Categories for Installations and Fuels
Table IX: Categories for installations and fuels in Norway.
Power P e Coke Iron and {Other Domestic and
Stations ovens steel industries Commercial
5 _ manufac= manufae—| manufactu=| manufactured
tured tured red gas gas
gas gas
Heavy fuel| heavy fuelj]heavy heavy heavy fuel| heavy fuel oil
eil (1980 | ofi fel o'l fuel ©I3-| &L
= - 1Y gk - Idght fual| Light Fusl odk
fuel oil] oil
- refinery = = - =
gas
- = - (hard hard coal hard coal
coal)¥
— - - (coke) ¥ coke coke
- - - - L. PG L:P.G.
= o (wood) X | (wood)¥ | (wood)X* (wood)X

¥ neglected



& Fuel consumption in Norway

The total fuel consumption in Norway in 1968 and estimated

total for 1980 is given in table X (page 19).

Bis Emission loads

In calculating the emission loads, the figures from Appendix II
in (1) 1is used:

Oxides of nitrogen: United States

Oxides of sulphur : Canada

Particulates : United States

In this report coke is dealt with as coal. When heavy fuel oils
for residential purposes are replaced by low sulphur light oils

as in case II-V, the light oils are assumed to contain 0,5% S.

The average sulphur content in coal and coke exceeds 1%: Coal
and coke with a lower sulphur content are mainly consumed as

raw materials in the processes.

The 1% o0il used in cases II-V for industrial purposes is assumed
to be desulphuretted heavy fuel oil, having the same qualities
as common heavy fuel o0il in calculating nitrogen and particulate

emissions.

Tor each of the cases that have been examined the total

emission load is summarized below:

Table XI: Total emission loads in 1968 and estimated emission
loads for 1980 (Case I - V)

1968 Case Case | Case Case Case Case Case

= il T ITTE A | LTL B IV V A V B

i B UUYURERURy SRty uepvegpe Ey S Sl | S e e e

Sulphur oxides 104,0 6L 48 O 8 90,3 S 152 1) 61958 69,9 619y S

Particulates 119)5,9 255 1156 1156 12,4 852 85 852

Nitrogen oxides A3 7 34,2 34,1 34,1 34,2 | 34,1 34,1 34,2

The emission loads for each consumption group and each region

are given in Appendix I and II.
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Table X: Fuel consumption in Norway based on categories of
installations and types of fuels.

Fylke : Folketall 1968: 3 835 486
Region: Total Pepuletion 1980 4 263 138
SECTORS TYPE OF FUEL |t.o.e. 1968 t.o.e. 1980 Heras
Power Stationg Heavy fuel - 84 500
Refinery gas 101 400 Si0g 00
e el e Refinery fuel 62 800 123 800
Coke Coke oven gas 31 500 50 500
Ovens Light fuel 10 000 2 Light naphtha
Heavy fuel 9 000 =
Iron and Light fasl - - Wood: 239m3 (11)
Steel Heavy fuel 32 ooo* 51 200% [Hydroelectric
Coal ¢ - power:6 600 000KH
*Included in
Coke (300) (1 000) "Other Industry"
Gas 98 700 159 600 in the regions,
except Nordland
region
Other Manufac. gas 6 000 6 000
Industries Light fuel 234 200 374 700
Heavy fuel 1 591 900 2 561 400
Coal 93 800 8 200
Coke 114 600 12 000
iy PG 6 000 7 000
Domestic Manufac. gas 6 000 6 000
and Light fuel 378 400 1 566 500
Commercial Heavy fuel 378 600 606 100
Coal 54 600 5 800
Coke 139 200 27 000
|05 2 6 000 7 000
SUM TOTAL 3 954 700 6 165 600




Operating costs

Domestic and commercial users

A reduction of pollutant emissions can only be obtained by
fuel substitutien im new installationg.* With declinimg
consumption of coal for these uses in Norway, and the effect
of price differential between the different types of fuel, it
is assumed that no increase in capital or operating costs in

this sector is apparent.

0il fired power plants, refineries and industrial plants.
Case II-V
802 removed by use of 1 % S oil:

68 76032 tome 80, = 31 80,1l tons S

2
Cparatiing seogtas 4 1680 = 8L 880,1 = § 5 738 38

0,

Case IV -V
802 removed by stack scrubbing:
21 87732 toms S0, = 10 688,68 toms S

2
Operating costs: $ 60 x 10 688,6 = $ 641 316

Coal and coke fired industrial plants

The prices for coal and coke will increase as consumption decrease
(distribution, sale, transport). There is assumed to be no
difference in operating costs whether coal and coke are used or

replaced by 1% S oil.

Case III B

Electrostatic precipitations at new plants:

Operating costs: § 0,8 =2 @ S0 = &% & 150
Case IV

Sulphur oxide stack scrubbing at new plants SO2 removed:
54 tons 802 = 27 tons S

Operating costs: $ B0 % 27 =B 1 B2¢



Case V B
Sulphur oxide stack scrubbing at all plants SO2 removed:

327 ,4 tons 802 2' 168 57 Eomsh S

Operating costs: & B0 x 183,7 = § 9 829
7.4. Total operating costs
Table XII: Operating costs in Norway
$ 1 000 Case Case Case Case Case Case
i1 IIT A |III B IV vV A V B
T e e el P Ly P S I e Fy eyt |
Use of 1 % S 0il in indus-
rEdal mlants 573854 [|5738 ;4 || 5738 5U| 5738 ,4 1573845738 ,u4
Stack scrubbing in all = » =
new o0il fired plants §h 8| BVLadl) Blskye
Abatement equipment inp
coal and coke fired - - 8q 2 1B - 9,8
industrial plants
TOTAL 5738,41 5738,4} 5741,6{6381,3|6379,7]/6389,5
8 Investment costs
8.1. Domestic and commercial users

No additive investment costs.

0il fired power plants,refineries and industrial plants

The major investments will be at the refineries, and appear in

the price for low sulphur oil.

Case IV - V
Stack scrubbing at all new plants.
assumed capacity 250 MW (18).

$ 15%250%1000 = § 3 750 000

Power plants:

Investment costs:
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Refineries and industrial plants: 1 181 200

additional t.o.e. 1in 1980
Investmernt co8tss 9% % 1 181 200 = 8. 8 268 W00

Coal and coke fired industrial plants

Conversion to 1% S o0il use: $1.75 pr kW.
L &8s = 10 000 Jecal 1 KWh = 860 kcal (7)

Efficiency in industry: Coal and coke: 0,83

Hydroelectric power: 1,0 (7)
Caal and gefes RBED: (8 200 + 127000) @@ & 20 200 tedq@s
The calculation is based upon continual firing during the year:

20200x1000x10 00O
365x2Y4

20 200 t.o.e./year = kcal/h

20 20021000210 D000y B

365%24X860%1,0 KW = 22 255 KW

Case II, III A, V A
Investhert coots: @ 1.75%27 288 = & 38 9UE

Case IV
Conversion to 1% S oil at all old plants:
16 700 t.o.e. = 18 398 KW

Investment costs: $ 1.75%x18 398 = $ 32 197

Case III B
Electrostatic precipitators at new plants:
Investment costs: $ 2.0x3 500 = $§ 7 000

Case IV
Stack scrubbing at new plants:
Investment costs: $ 7.0%3 500 = ¥ 2u-$00

Case V B
Stack scrubbing at all plants:
Investment costss ¢ 7.0%20 200 = ¢ 141 400
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Refineries and industrial plants: 1 181 200
additional t.o.e. in 1980
Irvesthemt coste: 87 ® 1 181 200 = § 8 268 L@0

Coal and coke fired industrial plants

Comrvergien te 1% 8 oil use: $1.75 pr kW.
1 os@s = 10 D00 Jeasl 1 KWh = 860 kecal (7)
Efficiency in industry: Coal and coke: 0,83

Hydroelectric power: 1,0 (7)

Coal and coke 1980: €8 200 & LZ DO6) Eaesen = 20 200 T 0:6s:

The calculation is based upon continual firing during the year:

_ 20200x1000x10 00O
20 200 €.0.=./Yed S TEEXOL kcal/h

20 Z200>x1000% 14 000%48,83

365X 24x860%1,0 KW = 22 255 KW

Case II, III A, V A
Investment costes & 1.75%22 255 = § 38 oue

~

Case IV

Conversion to 1% S o0il at all old plants:
16 700 t.o.e. = 18 398 KW

Investment costs: $ 1.75x18 398 = $ 32 197

Case III B
Electrostatic precipitators at new plants:
Tnvestment ecosts: & 2.0x3 300 = &£ 7 000

Case IV
Stack scrubbing at new plants:
Investment costs: $ 7.0%3 500 = § 24 500

Case V B
Stack scrubbing at all plants:
Investment costss & 7.0x20.200 = @ 147 LEo



Total

investment costs

Table XITII:

23 =

Investment costs in Norway

$ 1000

Case
1T

Case
I T -2Ay

Case
Ly B

Case
IV

Case
vV A

Case

Stack
power

scrubbing in
plants

3750,0

376050

375040

Stack scrubbing in
01l fired industrial
plants

8268 ,u

8268 ,u

8268,u4

Conversion from coal
and coke to 1% S oil

38,9

38,9

32,2

38,9

Electrostatic preci-
pitators in coal
plants

Stacly serubbipg dn
coal and coke plants

24,5

141,u4

Total

38,9

38,9

12075,1

12057,3

12111519} 5,8

Discussion

Power plants

The prediction for 1980 is uncertain.

from the North Sea are important factors here.

0il prices and oil
0il fired

power plants will be in operation probably for a period of

ten years, until atomic power plants have been built.

The

0il fired power plant at Slagentangen is planned for 500 MW

capacity; the first building step giving a capacity of 250 MW

(which is considered in this report).
possible that the capacity in 1980 will be 500 MW.

Therefore,

it dg

a further plant may come into operation by that time.

However,




10.

011 from the North Sea

0il from the North Sea has a very low sulphur content. If
this oil is used in Norway, it may lead to a quite different
SOQ—emission, and the operating and investment costs will
decrease. The first oil from the North Sea source is being

brought to Norway at the present time (May 1971).

0il prices

The increase in o0il prices on the international market will
favour the use of hydro-electric power resources in Norway.
However, oil from the North Sea may probably reverse this, if
this 0il is cheaper than hydro-electric power. The consumption
and the proportional wuse of o0il and hydro-electric power

are therefore very dependent on prices.

Conclusion

The consumption of fossile fuels in Norway and the pollution
from these is very small compared to other countries. This

is mainly caused by the large use of hydro-electric power.
Whether hydro-electric power will remain the chief power

source in the future, is dependent on o0il prices. Environmental

factors will also have an influence. These problems are being

closely looked at and the final solution is difficult to ascertair

World oil prices are increasing, this favouring the use of
hydro-electric power. Nevertheless oil from the North Sea can
have an opposite effect. As long as the price of such oil 1is

unknown, the question will be open.
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Figure 2. Map of Norway showing densely populated areas
and industrial areas.

The markers indicate the centers of large
emission areas.




