
Energy and the Environment 
in the Nordie Countries 
Throughout most of the world, and especially in Europe, coal and oil are 
increasingly being superseded by natural gas, which caters for almost 20% 
of Europe's total energy requirement today. 

One of the reasons for this impressive growth, which has far from 
peaked, is the large discoveries which have been made in a number of 
European countries and in the North Sea. In addition, natural gas has 
certain attributes which have proved increasingly attractive. 

Supply security and self-sufficiency (independence from Middle East oil) 
were an important factor down through the 70s and the beginning of the 
80s. The 90s have brought the environmental advantages of natural gas 
over other fossil energy sources into focus. 

The purpose of this pamphlet is to place natural gas within the Nordie 
energy picture with a view to fostering a serious evaluation of natural gas 
as seen in relation to other energy sources. 

lt is based on material from NGC's environmental handbook "Energy 
and the Environment in the Nordie Countries", compiled by Birgitte Holm 
Christensen, dk-TEKNIK. 

Nordisk Gasteknisk Center 
Nordie Gas Technology Centre 
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Air quality standards 
The Swedish and Danish limit values 
are stated as fractiles, whereas the 
Finnish and Norwegian ones are 
maximum values which must never be 
exceeded. 

With regard to S0
2

, the Norwegian 
and Swedish values are more strin
gentthan the Finnish and Danish ones. 
What is more, in Norway, the stan
dards are not only lower but also 
constitute ceiling values. 

Sweden has the strictest N0
2 

stan
dard, while Norway, Finland and 
Denmark have roughly the same leve l. 
l t may be significant here that in Sweden 
N0

2 
concentrations are not measured 

immediately adjacent to street level. 
With regard to particulates, Norway 

and Sweden permit mo re or less similar 
soot concentrations, while Denmark's 
limit val u e deal s with airborne particles 
which are not comparable with soot. 
There is no information as to whether 
Finland's partieulates limit applies to 
airborne particles or soot, but the level 
earresponds to the Swedish and Nor
wegian soot standards. 

S0
2 

standards in~ g/m3• Mean daily values 

Averagrng Fractile Measurement standard 
time period 

Denmark Day 98% Y ear 2501) 

Finland Day Max. - 200 

Norway Day Max. - 100-150 

Sweden Day 98% Half-year 1Q02l 

l) This value must not be exceeded for more than 3 successive days. 

2) Effective as from 1990 inclusive; previously 300 (lg/m"S. 

N02 standards in Il· g/m3
• Mean daily values 

Averaging Fractile Measurement standard 
time period 

Denmark Hour 98% Y ear 200 

Finland How r Max. - 300 

Norway Ho ur Max. - 200-350 

Sweden Ho ur 98% Half-year 110 

Particulale standards measured as airborne particles 
or soot in Il g/m3 

Component A veragin g Fractile Measure· standard 
time ment 

period 

Denmark Air~orne Day 95% Y ear 300 
particles 

Finland Soot Day Max. - 150 

Norway Soot Day Max. - 100-150 

Sweden Soot Day 98% Half-year 90 
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Nordie and international emission reductions 

DENMARK 
In April1990, the Ministry of Energy of 
Denmark ta b led an action plan entitled 
Energy 2000, Action Plan for Sustain
able Deve/opment . This enumerates 
the goal of reducing co2 discharges 
from the Danish energy sector by 20% 
concurrent with an additional reduction 
in so2 and NOX emissions up to the 
year 2005 in relation to the 1988 level. 
The means for attaining these goals 
are to be: 

• Savings in energy consumption, 
achieved inte r alia by a high energy 
price level. Taxes on 802 and C0

2 

are also included in the considera
tions. 

• Restrueluring and rationalization of 
the supply system, by means in
cluding increased coproductlon of 
power and heating, increased use 
of cleaner energy sources and re
search and development. 

Amongst other things, the latter in
volves prornating connection to the 
collective natural gas and district 
heating network, just as the coal and 
oil-fired district heating works must to a 
greater degree use biofuels such as 
straw and wood chippings or refit to 
decentralized cogenerative productian 
on the basis of natural gas. In addition, 
natural gas is to be used in centralized 
power productian to a greater extent. 
These factors gave rise to a new law 
on heat supply. 

The action programme evaluates 
that so2 emissions will fall by approx. 
60% and NOx emissions by approx. 
50% as a result of these measures. 

There is also a traftic action plan, 
but that is not dealt with in detail here. 

With in the EC, goals have been laid 
down for the reduction of discharges 
from existing large-scale firing plants. 

In addition, limit values have been 
set for 80

2
, NO, and dust from large 

new firing plants with a rated technical 
output of 50 MW or more. 
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Maximum permissible sulphur content in fuels 

Area of application Weight percent 

Fuel gas oil (distillate oil) 0.2 

Fuel oil (residua! oil} and 
other liquid fuels 1.0 

Coal and other solid fuels, 
excepting: 0.9 

Pet-coke for firing in permanent plants 1.3 

Maximum permissible discharge on an annual basis for 
power stations greater than 25 MW electricity 

Y ear so2 (tonnes) NOx as N02 (tonnes) 

1988 205,000 -
1993 140,000 117,000 

1998 93,000 79,000 

2003 70,000 -

Emission limit values in mg/Nm3 for NO x 

F u el Limit % 0 2 Example Conversion Limit 
type value of fuel factor to mg/MJ in mg/MJ 

solid 200 6% C o al 0.35 -70 

Liquid 225 3% Gasoil 0.28 -63 

Gaseous 225 3% Natural gas 0.27 -60 

NOx from gasengines and turbines 

For engines and turbinas designed to burn natural gas and gas from the 
gasification of solid fuels, with a charged output g reater than 120 kW, the 
following limits apply. 

NO, : 650 mg/Nm3 dry flue gas at 5% 0 2 

CO 650 mg/Nm3 dry flue gas at 5% 0 2 

These limits ap p ly to new installations and at an electrical efticiency of 30%. 
This departmental order came into force on December 1st, 1990. 



FINLAND Proposed guideline values for new power stations 

Finland signed the requirement of the 
Sofia Protocol in November 1988 on 
reduction of NO. emissions or the 
transboundary NO x flux at a leve l which 
is not to exceed the 1987 level after 
December31st 1994. In addition, Fin
land signed the objective of the Sofia 
Protocol regarding a 30% reduction of 
NO. in relation to 1980, which has to be 
achieved by 1998. 

Principal fuel 
or combustion 
technique 

Glance (härd coal) 

Black lye 

Other domestic fuels 

Natural gas boilers 

Gas turbinas 

Oil boilers 

Gas tur5lnes 

and boiler plants 

Fuel output of Discharge of 
boller or gas nitric oxides 
turbine (P) MW in mg N02 per MJ 

50< p< 150 150 
P> 150 50/70 

p > 50 -

50< p< 300 150 
p> 300 -
p> 50 50 

p> 50 60/80 

50< p< 150 120 
150 <p< 300 80 
p> 300 -
50<P<300 150 

The findings of the Finnish Nitric 
Oxide Commission show that with 
technical methods such as lmproved 
combustion engineering, flue-gas 
cleaning in new power stations, new 
engine technology for heavy diesel 
engines and catalytic convartors on 
petroi-driven cars, a NO. reduction of 
approx. 15% can be expected. If 30% 
is to be achieved, other technical or 
"structural" means must be resorted 
to. What is meant by structural means 
here is , inter alia, changes in the 
consumptian of primary energy. 

These guidelin e values Game into effeet on 1.1 0.19~0 

Proposed guideline values for power stations 
. and boiler plants in service 

Principal fuel or Discharge of nifric oxides 
combustion te·chnique in mg N02 per MJ 

Glance (hard coal): Wall firing 230 
Tangential firing 180 
Other techniques 150 

P e at: Burner buming 180 
Other techniques 150 

Other domestic fuels 150 

Natural gas: Burner burning 80 
Gas turbine 100 

O il: Burner burning 120 
Gas turbine 150 

These guidelina vajues are to be met no later than 1.1.1 995. 

Emission limits for Finland mg/MJ 

Sulphur dioxide ($02) Nitrogen oxide (N02) (proposal) Partieulates 

mg/MJ Valid for mg/M J Valid for mg/M J Valid for 

O if 500 Southern region 80 >150 MW 40 5-40 MW 
1350 Northern region 120 50-150 MW 60 3-5 MW 

150 Gas turbines 90 1-3 MW 

C o al 140 New>150 MW 70 New> 300 MW 60-7/9 5-SOMW 
230 50-100 MW 150 50·300 MW (P[MWJ-5) 
230 Existing > 200 MW 150 Other existing techniGjues 150 1-SMW 

180 Wall firing 
200 Tangential (corner) firing 

Gas 50 New plants 
80 Existing plants 

100 Gas turbines 

Peat, wood 150 New> 50 MW 
180 Exlsting burners (peat) 
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NORWAY 
In Norway, a programme has been put 
forward to follow up the Brundtland 
Report, which aims in the C0

2 
field to 

stabilize emissions during the 1990s 
and no laterthan 2000, taking 1989 as 
the baseline year. This target is to be 
achieved by, amongst other things, a 
price and tax policy and through energy 
savings, renewable energy and local 
energy planning. 

The programme was submitted in 
Report No. 46 to the Storting (Nor
wegian Parliament), 1988-89. In addi
tion, Norway has set itself the goal of 
achieving a 50% so2 reduction by the 
year 1993 in relation to the 1980 level 
and a 30% NOx reduction by 1998 in 
relation to 1986. 
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Regulation concerning 
the sulphur content of fuel oil 

Slipulated by the Ministry of the Environment, March 11th 
1985, in pursuance of the Act of March 13th 1981 No. 6 on 
Pollution Proteetian and Refuse (the pollution la w), Section 9, 
no. 3; et. Royal Decree of Ju/y 8th 1983. 

Section 1: 
Principal rule 

In the counties of 0stfold, Akershus, Hedemark, Oppland, 
Buskerud, Vestfold, Telemark, Aust-Agder, Vest-Agder, 
Rogaland, Hordaland and Sogn and Fjordane, it is not 
permitted to use fuel oil with a sulphur content higher than 
1.0 weigh percent In the rest of the country, the sulphur 
content of fuel oil must not exceed 2.5 weight percent 

Section 2: 
Special rules for OsJo and Drammen 

In Oslo and D rammen, on ly residue-free fuel oil ( distillate o il) 
with up to 0.8 weigh percent sulphur must be used. 
On speCial application, the Norwegian State Pollution Con
tro! Authority may, if so authorized under Section 11 of the 
Norwegian Pollution Act, allow the use of fuel o il with up to 
1 .O weigh percent sulphur. 

Section 3: 
Campanies which must apply for a discharge licence 

Any company which has a boiler capacity g reater than 150 
kg oil per hour must have permission from the Norwegian 
State Pollution Control Authority in accordance with Section 
11 of the Norwegian Pollution Act, if : 

1 ) the plant is erected after the regulation comes into force 

2) capacity is upgraded by more than 20% 

3) the type of fuel oil is changed from distillate oil to heavy 
fuel oil or any other modifications are made to the plant 
which tnay result in increased pollution 



SWEDEN 
In Sweden, the Riksdag (Swedish 
Parliament) has adopted a target 
stating that there must be no rise in 
the co2 level in relation to the 1988 
level. Environmental taxes have 
been introduced in the energy and 
transport sectors, which will increase 
energy taxation from approx. SEK 
34bn to approx. SEK 50bn a year. At 
the same time, it is proposed that it 
be attempted to promate coproduc
tion of power and heating. 

This proposal was put forward by 
the Department of the Environment 
and Energy in October 1989. Other 
Swedish objectives in the field of the 
environment include: A total stop to 
the use of freon by 1995, 65% reduc
tion of so2 in relation to the 1980 
leve! up to the year 1995 and 80% 
up to the year 2000, and a 30% 
reduction of NOx emissions up to 
1995 in relation to 1980. 

The sulphur content requirements 
have been in effect since 1989. 

Guidelines for refuse incineration 
emission requirements 

Hydrochloric acid gas: Should not 
exceed 100 mg/m3 normal dry gas at 
10%, C0

2
, mean monthly value. 

Mercury: On saturation, should not 
exceed 0.08 mg/m2 normal dry gas at 
1 O% C0

2
• The value should be 

Successively lowered towards 0.03 mg/ 
m3. 

Particulates: Should not exceed 20 mg/ 
m3 normal dry gas at 1 O% C0

2
, mean 

monthly value. 

Dioxins: Discharge from small plants 
(less than 20,000 tonnes/year) should 
not, on saturation, exceed 2.0 mg/m3 

normal dry gas at 1 0% C0
2

. For l arg er 
plants, the value should be 0.1 mg/m3

• 

earbon monoxide: Should not exceed 
100 mg/m3 normaldrygas at 10% co2. 
The temperature in the stoking room 
should not exceed 800°C. 

Current and future requirements and guidelines 
for sulphur and nltric oxide discharges 

F u el Sulphur Nitric oxides. No. calculated 
mgS/MJ fuel as mgNOjMJ fuel 

Current requirements: 
Fuels containing sulphut 
(excl. thin-bodled oil) 190 1) (0,8%) 
Thin-bodied heating oil 50 ZJ (0,2%) 
Coal, new plants sos> 50 G) 

Coal, existing plants 100-170 6> 

Other large new plants 4> 50-100 S) 

Other small new plants 5> 100-200 6l 

Future requirements 7) 8>: 
Thin-bodled heating oil 50 2l {0,2%) 
New coal plants 503) 50 6l 

New and existlng 
large plants 9) 50 3) {0,2%) 50-100 S) 

New and exlsting 
small plants 5•10

> 100 a) (0,4%) 100-200 S) 

1) Max. value according to legislation for all fuels. Stockholm and Gothenburg 
have adopted a lower leve! for heavy fuel oil. 

2) Average annual value according to legislation, max. 0.3%. 
3) Annual mean value according to legislation. 
4) Over 300 tonnes NO/year. 
5) Over 1 O MW power input, less !han 300 tonnes NO j year. 
6) Guidelines for status test (annual mean value). 
7) For NO • as from 1995 in c l.; to be introduced successively as from 1993, 

incl. for sulphur. 
8) Detailed wording of new sulphur regulation not yet ready. 
9) Over 400 tonnes sulphur/year, over 600 tonnes NO ;y ear for existing 

plants with the exception of plants in W, S, X, Y, Z, AC, BD administrative districts. 
1 O) Under 400 tonnes sulphur/year, 150-600 tonnes NO jyear for existing plants w il h same 

exceptions as in footnote 9. 

Requirements and guidelines for emission of partieulates 
(inspection values) 

F u el Installation Discharge value 
(mg partlculates/m3 normal, 

drygas at 13% C02) 

Coal 0.5-iO MW 35 mg/m3 

Peat and biofuels 0.5-3 MW constructed in built-up 250 mglm3 

area before 1991 

Peat and biofuels 0.5-3 MW constructed in bullt-up 100 mg/m3 

area from 1991 incl. 

Peat and biofuets 3-10 MW in built-up area 100 mg/m3 

Peat and biofuels 0.5-1 O MW outside built-up area 350 mg/m3 

Solid fuel G reater than i o MW 11 35 mg/m3 

Solid fuel Under 500 kW with automatic 350 mg/m3 

fuel feed 500 mg CO/m3 

Solid fuel Under 500 kW with manual 30 mg tar/MJ fuel 
fuel feed in built-up area 

Solid fuel Secondary heating stoves 40 mg tar/MJ fuel 

Heavy fuel oil Greater than 300 MW 1.0 g/kg oil 

Heavy fuel oil Less than 300 MW 1.5 g/kg oil Bacharach 3 

Thin-bodied heating oil Less than 60 kW Bacharach 1 

Thin-bodied heating oil Less tlian 1 O MW Bacharach 3 
1> "Unofficial guideline" practice. 
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Targets for emission 
reductions in the four 
Nordie countries 

Emission limits in Germany 
for large firing plants 
Approximated conversion factors to 
mg/MJ: 

Coal : 0.35 
Gas oil: 0.28 
Natural gas: 0.27 

1) 02%: 
Grate and eddy-current 
(turbulent) firing 7% 0 2 
Dust+ dry ash removal 6% O? 
Dust+ wet ash removal 5% 0 2 

2l Applies to solid f u els 
other !han wood and coal 

Emission limits for NOx in 
Japan 
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Country Component Reduction Basaline Target 

' 
Denmark S02 30 1980 1993 Target reached 

60 1988 2005 

NO. 30 1988 1998 
50 1988 2005 

C02 20 1988 2005 

Finland S02 50 1980 Reached in 1989 
NO, as baseline 1987 1995 

30 1980 1998 

Norway S02 30 1980 1993 (intern. agrmt.) 
50 1980 1993 (national agrmt.) 

NO. as baseline 1987 1994 (intern. agrmt.) 
NO x 30 1980-1986 1998 (national agrmt.) 

Sweden S02 65 1980 1995 
80 1980 2000 

NO. 30 1980 1995 

The Nordie C02 
stabilization 1990 As soon as possible. 

countries Reduct. from year 2000 

F u el New plants Existing plants, devia-
tions from "new" plants 

so2 NO, c o Dust1> Heavy NO. Dust Heavy 
mg/m3 meta l meta l 

Gaseous (not 
necessarily 
naturalgas 35 350 100 5 500 

Liquid 400- 450 175 50 2 700 
1700 

Solid1> 400- 800- 250 50 1000- 80- 1 ,52) 

650 1800 2000 125 
up to 
2500 for 
one year 

Flue-gas volume Permitted NO. leve! 
(x104 Nm3/h) (under 5th Emission Standard) 

ppm (% 0
2

) mg/M J 

Gas-fired boller >4 60-100 (5%) 38-63 
<4 130-150 (5%) 82-94 

Oil-fired boiler > 4 130-150 (4%) 77-89 
<4 150-180 (4%) 89·106 

Metal-smalting furnace >4 180 {12%) 200 
<4 180 (12%) 200 

Drying kiln/foundry stove >4 100-130 (11%) 100-130 
<4 130-180 (11%} 130-180 

Glass-malting furnace >4 230 (16%) 463 
<4 450 (15%) 755 



Emission limits in the EC 

l 

Ceiling and measurement va lues for reductlon of S0
2 

emissions from existing plants 1> 2> 

Member S02 - Emission ceiUng Percentage reduction Percentage. reduction 
state emissions (Ktonnes per year) In relation to in relation to adjusted. 

from lar.ge emissions in 1980 emissions in 1980 
flring plants 

1980 Phase 1 Phase2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 
(Ktonnes) 1993 1998 2003 1993 1998 2003 1993 1998 2003 

Belgium 530 318 212 159 -40 -60 -70 -40 - 60 -70 

Denmark 323 213* 141 ' 106* -34 -56 -67 -40 - 60 -70 

German y 2225 f335 890 668 -40 - '60 -70 -40 . 60 -70 

Greece 303 320 320 320 +6 +6 +6 -45 -45 -45 

Spain 2290 2290 1730 1440 o -24 -37 -21 -40 -50 

France 1910 1146 764 573 -40 -60 - 70 -40 -60 -70 

Jreland 99 124 124 124 + 25 + 25 + 25 -29 -29 -29 

lt~y 2450 1800 1500 900 -27 -39 -63 -40 -50 -70 

Luxembourg 3 1.8 1.5 1.5 -40 -50 -60 -40 -50 -50 

Netherlands 299 180 120 90 -40 -60 -70 -40 -60 -70 

Portugal i15 232 270 206 + 102 + 135 + 79 -25 - 13 -34 

United Kingdom 3883 3106 2330 1553 -.20 -40 -60 -20 -40 -60 

Additionalemissions may emanate from output approved from July 1st 1987 inclusive. 1) 

2) Emissions from firing plants approved before Ju ly 1st 1987 bu t not commissioned before thai date and not taken In to account w hen setting the 
emission ceilings slipulaled in this annex must either fulfil the requirements of this Directive for new plants or be included in the total emission 
from existing plants, which must not exceed the ceilings fixed in this annex. 
Danish rules are stricter. 

Ceiling and measurement values for reduction of NOx emissions from e)(isting plants 1>2> 

Member NOX- Emission ceilings NO. Percentage reduction Percentage reduction 
state emissions (Ktonnes per year) in relation to NO.,. in relation to adjusted 

from large emissions in 1980 NOxemissions in 1980 
firing plants 

(calculated as 
N02) 1980 Phase 1 Phase2 Phase 1 Phas.e 2 Phase 1 Phase2 
(Ktonnes) 1993 3l 1998 1993 S) 1998 1993 3l 1998 

~ 

Belgium 110 88 66 -20 - 40 -20 -40 

Denmark 124 121. 81* -3 - 35 - 10 -40 

Gerrna ny 870 696 522 - 20 -40 -20 -40 

Greece 36 70 70 + 94 + 94 o o 
Spain 366 368 277 +1 - 24 -20 -40 

France 400 320 240 -20 -40 -20 -40 

lreland 28 50 50 + 79 + 79 o o 
l ta ly 580 570 428 -2 -26 -20 -40 

Luxembourg 3 2.4 1.8 -20 -40 -20 -40 

Netherlands 122 98 73 -20 -40 -20 -40 

Portugal 23 59 64 + 157 + 178 -8 o 
United Kingdom 1016 864 711 - 15 -30 - 15 -30 

Additionalemissions may e manale from output approved from July 1st 1987 inclusive. 1) 

2) Emissions from firing plants approved before July 1st 1987 but not commissioned before thai date and not taken into account when setting the 
emission ceilings slipulaled in this annex must either fulfil the requirements of this Directive for new plants or be included in the total emission 
from existing plants, which must not exceed the ceilings fixed in this annex. 

3) For technicaJ reasons, member states may defer the date of phase 1 for up to two years by notifying the Commission to that effect no laterthan 
one month alter the issuing of th is Directive. 
Danish rules are stricter. 
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Energy consumptian in the Nordie countries 

PJ 1988 
1400 ~----------------------------------------~ 

2 00 

o Denmark Finland Norway Sweden 

• Electric ity & district heat ing 
Heating of buildings 

D lndustry 
Id Transport 

Other 

The share of nuclear energy consumption in Finland is calculated on the basis of 
produced alectricity and an assumed efficiency of 35% for nuclear power plants. 

Total emissions 

The total emissions for the Nordie 
countries have been computed from 

S0
2 

1ooo t NO. 1000 t the known fuel consumption in those 
countries and on the basis of the 
emission factors of the various fuel 
types. Denmark 231-240 230 

Finland 171-308 233-270 

Norway 66-198 65-78 

Sweden 191 309-346 

Sum 659-937 837-924 

10 

C0
2
1000 t 

56,000 

62,000 

30,000 

73,000 

221,000 



, Emission factors 

Typical emission factors for the use of fossil and some other fuets. 
Unit: mg/MJ 

Fuel U se 502 NOX C02 N20 CH4 NMVOC 
o/o sulphur (Valid from) 

Coal: 
1.0 Power stations (1975). 714 440 95,000 3 0.3 
0.9 District heating (1975) 584 200 95,000 3 0.2 
0.9 Process (industry) 1989 584 200 95,000 3 0.3 

Heating oil : 
1.0 Power stations (1989) 495 280 78,000 3 0.1 
1.0 District heating (1975) 495 150 78,000 3 0:1 
1.0 Process (industry) (1989) 495 150 78,000 3 0.1 
1.0 Shipping (1989) 495 1733 78,000 51 8.3 198.7 

Diesel oil: 
0.2 Cars < 3.5 t (1989) 94 303 74,000 9 5.0 119.0 
0.2 Cars > 3.5 t (1989) 94 1509 74,000 51 7.2 173.8 
0.2 Ships (1989) 94 1733 74,000 51 8.3 198.7 

Gas oil: 
0.2 District heating (1989) 94 100 74,000 3 0.1 
0.2 Residenfial furnaces (1989) 94 50 74,000 3 3.0 
0.2 Process (industry) (1988) 94 100 74,000 3 0.1 

Petrol: 
0.05 Cars (1975) 22 723 73,000 22 97.4 1167.6 

Natural gas: 
-0 Power station boilers (1975) -0 240 56,900 2 0.3 
- 0 Gas turbinas (1990) - 0 200 56,900 0.2 0.3 
.,..Q Gas engines (1990) -0 200 56,900 0.2 0.3 
-0 Process (industry) (1975) -0 100 56,900 2 0.3 
-0 District heating (1975) -0 150 56,900 2 0.3 
-0 lndustrial fumaces (1975) -o 50 56,900 2 1.0 

Refuse: 
0.3 District heating (1975) 675 150 117,000 3 0.3 

Straw: 
0.1 District heating (1975) 130 130 102,000 3 0.2 
0.1 Residential furnaces (1975) 130 50 102,000 3 150 

Biogas: 
-0 -o 50-150 5~,900 2 0.3 
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Emission factors for 
S0

2
in t/PJ 

The greatest amounts of S0
2 

are 
emitted from coal and heavy fuel-oil. 
Plants incorporating flue-gas desul
phurization can reduce so2 
discharge considerably, but owing to 
the east of desulphurization plants, it 
is mainly large-scale firing plants that 
set up desulphurization facilities. 

so2 emission factors are 
sketched in the tigure. No plant type 
is staled here since, as mentioned 
before, it is primarily the composition 
of the fuel tagether with any flue-gas 
desulphurization installed that control 
the emission of so2. 

NO emission from various x 
fuels 

The figure exemplifies the possible 
variations in NO. emissions, even 
within the same field of application 
and fuel. This has to do with the fact 
that the NO. emissions are heavily 
affected by burner type and burner 
adjustment and settings. Excess air, 
temperature, dwell-time in the 
combustion zone and contact 
between combustion air and fuel are 
decisive to the quantity of NO, 
formed during combustion. Thus, 
high temperature, Iong dwell-time 
and poor air-fuel contact produce 
high NO. formation. 
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- Coal, 0.7·0.9% s. no scrubbing 

- Coal, desulphurlzalion, in el. fluid-bed with lime 

l Coal, SNO •• process 

Heavy fuel-oll, desulphurization 

- Ughtfuel-oi10.8-1%S 

l Gas oil, diesel oil 

l Petroi 

Naturalgas 

- Peat 

l Wood 

l Straw 

Heavyfuel-oil 
1·2.5%S 

1 1 1 1 1 1 r 1 1 t r r 1 
200 400 600 800 1000 502 (t/P3) 

NO.as N02 

o. 10 0 .20 0 . )0 o. 40 0. 50 c;/MJ 

Power stations > 50 MW 

-lndustry1 -50MW 

J Heating0.01-1 MW 

Power stations 

- Healing stationss-so MW 

.. Heating < 5 MW 

Hearth furnace 

- Residenlial bollers < 0.2 MW 

Healing stations > 1 MW 

Dustfiring 

Dust firing - cyclone 

Grate boilers 

Fluidized beds 

Dusiiiring 

Grate bollers 

Fluidized beds 



Emission factors for heavy 
metals from various fuels 

The emission of heavy metals is a 
correlate of the heavy metal content 
in the fuel, which may vary 
considerably. 

Heavy metal emissions are 
additionally governed by whether 
and, if so, how effectively the flue 
gas is deansed of particles. This is 
due to a substantial proportion of the 
metals in a flue gas being particle
borne. The same is not true, 
however, of mercury (Hg) and partly 
of arsenic (As), which to a greater 
degree occur in the gas phase. 

The values shown are averages 
for smaller plants (1-15 MW). 
Variations in the metal content of 
fuels give widevariations in emission 
factors, which are not shown here. 

Values for straw are based on 
use of fabric filters, which is 
common. Without filter, the values 
are increased 50-100 times. 

Values for chips are based on a 
dry matter content of 55% and 
particulate reduction by cyclones. 
The meta! emission is calculated 
from results obtained by analysis of 
fly ash. No Cd or Pb is assumed to 
be in the gas phase of the flue gas. 

Light luel oil 

Heavy fuel oil 

Coal 

Chips 

Peat 

N-gas 

Light luel o!l 

Heavy fuel oil 

Coal 

Chips 

P e at 

N-gas 

Light lue! oil 

Heavy fuel oil 

Coal 

Straw 

Chips 

Peal 

Cadmium (Cd) (~g/MJ) 

' 5 

Mercury (Hg) (~g/MJ) 

o 0.5 
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Conversion factors and abbreviations 

Statistical factors 

Prefix Term Statistical 
facto r 

p Peta- 1015 

T T era- 1012 

G Giga- 109 

M Mega- 1Q6 

k kilo- 103 

m milli- 10-3 

l! micro- 1Q-6 

n nano- 1Q•9 

p pico- 10•12 

Conversion between 
ppm and mg/m3 

for a number of materials 

1 ppm S02 
21 = 2.93 mg/m3 

1 ppm NO 2> = 1.34 mg/m3 

1 ppm N02 
2> = 2.05 mg/m3 

1 ppm eo 2> = 1.25 mg/m3 

1 ppm 00
2 = 1.96 mg/m3 

1 ppm eH24 = 0.71 mg/m3 

1 ppm Cd = 5.00 mg/m3 

1 ppm Pb = 9.24 mg/m9 

1 ppm Hg = 8.97 mg/m3 

Natural Gas 

One billion cubic metras 
equals approximately: 

35.3 x 109 cubic feet 

0.89 x 106 tonnes of crude oil 

0.8 x 106 tonnes of LPG 

O. 725 x 1 os tonnes of LNG 

1.35 x 10$ tonnes of coal 

36 x 1012 British Thermal Units (Btu) 

38 x 1015 joules (38 PJ) 

14 

Abbreviations. Chemical names 

eH4 = Methane, prime NO), = Sum of NO and N0
2 

constituent 
S02 

Sulphur dioxide 
of natural gas = 

e o = earbon monoxide 
H

2
S04 = Sulphuric acid 

002 = earbon dioxide sot = Sulphate 

0 2 = Oxygen TOG = T otal arganie earbon 

0 3 = Ozone PAH = Polyaromatic 

N2 = Nitrogen 
hydraearbons 

HN0
3 = Nitrie acid Cd = eadmium 

NO = Nitrie oxide P b = Lead 

N02 = Nitrogen dioxide Hg = Mercury 

Conversion factors between energy units 

to e MWh GJ Ge al 

to e 1.0 11.28 40.61 9.70 

MWh 0.0886 1.0 3.600 0.860 

GJ 0.0246 0.278 1.0 0.239 

Ge al 0.103 1.163 4.187 1.0 

Generally: 1 ppm (part per million) 1l 

= 1 cm3/m3 is equal to: 
Molecularweight mg/m3 

Molarvolume 
,, ppm is moslly staled in parts by volume, as 

here, but can also be indicated in parts by 
weight, corresponding to 1 ppm, weight = 
1 mg/kg. 

Approximate conversion factors 
LNG 

One billion cubic metres 
equals approximately: 

0.05 TCF (gas) 

1.23 x 106 tonnes of crude oil 

1 .1 x 1 06 tonnes of LPG 

1.4 x 109 cubic metres (gas) 

1 .9 x 1 os tonnes of coal 

52 x 1012 Btu 

55 PJ 

2l The molar volume is often given as 22.4, 
but forthese materials VDI2104 states 
more precise values which are used in the 

computations. 

Smaller concentrations are given in ppb 
(parts per bill ion): 

1 ppm = 1 ,000 ppb. 

LPG 
One billion cubic metres 
equals approximately: 

11 .8 x 108 barrels of LPG 

1.1 x 1 06 tonnes of crude o il 

1 .25 x 1 09 cubic metres gas 

0.91 x 106 tonnes of LNG 

1 . 7 x 1 0° tonnes of coal 

47 x 10'2 Btu 

50 PJ 



Efficiencies 

Average energy content, efficiencies and density, by energy commodity 

Energy Theoretical Efficiencies Den s ity 
carrier energy 

content Uni t Industriallmine Transport Other eons. 

C o al 28.1 M J/kg 0.80 0.10 0.60 -
Wood 15.0 M J/kg 0.65 - 0.65 0.5 ton/fm3 

Natural gas 39.6 MJ/Nm3 - - - 0.77-1.07 kg/Sm3 

Liquid propane and 
butane (LPG) 46.0 M J/kg 0.95 - 0.95 0 .53 ton1m3 

Petroi 44.0 MJ/kg 0.20 0.20 0.20 0.74 ton1m3 

Diesel, gas, 
heating oll 
nos. 1 & 2 42.3 M J/kg 0.80 0.30 0.70 0.83 ton1m3 

Heavy oil 41.9 M J/kg 0.90 0.30 0.75 0.95 ton1m3 

E leetricity 3.6 MJ/kWh 1.00 0.95 1.00 -

Annual eff iclencies for 1988 
Efficlency and loss 
The standards for fuel utilization and distribution loss have 
been used in the Danish Energy Agency's breakdown of 
Denmark's energy corisumptlon for 1988. 

The efficiency indicates the ratio between the quantity 
of useful energy and the energy supplled in a system. The 
efficiencies for alectricity and natural gas are calculated on 
the basis of intake and output measurements; as regatds 
the other energy forms, these are estlmated parameters 
based on averaga considerations of the age composition of 
the oil furnace stock and district heating plant, etc. 

The efficiencies stated at consumers' include losses 
(factor approx. 0.95) in related central heating installations. 

Locally 

Systems for residenfial heating 
Oil firing 
Small o il burners in single family houses,etc. O. 70 
Latge oil burners, block heating stations, etc. 0.75 
Coal firing 
Small coal furnaces, apartments, single family 
houses, etc. 0.60 
Large coal furnaces, block heating stations, etc. 0.80 
Straw f/ring 
Small furnaces, primarily farm furnaces 0.50 
Wood firing 
Small furnaces, but not wood-burning stoves, etc. 0.50 
Large furnaces, block heating stations, etc. 0.80 
Solar heat/Wind power 
No energy consumptian is calculated from production; 
efficlency is thus infinite in theory. 
Heatpumps 
The ratio between alectricity consumptian and 
produced heat 1.80 

Gas firing 
Efficiency for 1own gas 
Small natural gas furnaces in single family 
houses, etc. 
Large natural gas furnaces, block heating 
stations, etc. 
District heating 
Utilization of district heating water 
Electric heating 
Efficiency of district heating water 

Plants in Industris/ enterprlses 
Oil firing 
Natural gas firing 
Coal firing 
Wood firing 
(Efficiency for plants used in connection with 
process operations) 

Centrally 

Incineration plants 
Efficiency for refuse (incl. "other", i.e. plants 
small amounts of straw, wood, etc.) 
District heating plants 
Efficiency for fuel oil heating statlons 
Efficiency for natural gas stations 
Efficiency for coal, straw and wood 
Power plants 
Efficiency for fuel oll, coal and 
natural gas by electrical generation 
l. e., a total efficiency of 
Gas works 
Efficiency for light oil products 

0.65 

0.75 

0.80 

0.95 

0.97 

0.80 
0.90 
0.75 
0.75 

0.75 

0.90 
0.95 
0.80 

0.374 
0.532 

1.00 
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