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Abstract 

Fossil fuels are the main energy sources. Unfortunately the vast quantities of pollutants are emitted to the 
atmosphere during their combustion. These emissions lead to the environment degradation and affect human 
health. Therefore most of the countries have introduced the standards concerning emission control. These 
regulations for some countries are presented in the paper. 
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1. INTRODUCTION 

The problems of environmental damage and degradation of natural resources are receiving 
increasing attention throughout the world in recent years. The increasing population, higher living 
standards, increasing urbanization and enhanced industrial activities of mankind are all leading to 
degradation of environment. For example, fossil fuels, which include coal, natural gas, petroleum, 
shale oil and bitumen, are the main primary source of heat and electrical energy production, are 
responsible for emitting a large number of pollutants into the atmosphere with off-gases from 
industries, power stations, residential heating systems and vehicles. All these fuels contain major 
constituents (carbon, hydrogen, oxygen) as well as other materials, such as metal, sulphur and nitrogen 
compounds. During the combustion process different pollutants like fly ash, sulphur oxides (SO2 and 
SO3), nitrogen oxides (NOx = NO2 + NO) and volatile organic compounds are emitted. Fly ash 
contains different trace elements (heavy metals). Air pollution, caused by a particulate matter and 
other pollutants, not only affects directly on environment, but also contaminate water and soil and 
leads to their degradation. Wet and dry deposition of inorganic pollutants leads to acidification of 
environment. These phenomena affect human health, increase corrosion, and destroy plants and 
forests. Widespread forest damages have been reported. Many cultivated plants are not resistant to 
these pollutants either, especially in the early period of vegetation. Mechanisms of pollutants 
transformation in atmosphere are described by environmental chemistry. Photochemistry plays an 
important role in these transformations. SO2 and NOx are oxidized, sulphuric and nitric acids, which 
are formed in presence of water vapour, fog and droplets result in so called “acid rain” precipitation. 
In recent years, the knowledge that emission of volatile organic compounds to the atmosphere can 
cause stratospheric ozone layer depletion, ground level photochemical ozone formation, and toxic or 
carcinogenic human health effects and contribute to the global greenhouse effect has added a new 
dimension to the environmental degradation as a result of burning of fossil fuels. Ironically, coal and 
high sulphur oil the dirtiest fuels among hydrocarbons, is expected to remain the main fossil fuels for 
the next two centuries. How so ever one may wish, the necessity of increasing use of the fossil fuels 
will continue to meet the increasing demands of the developed and developing countries. Thus, there 
exists an urgent need develop technologies that reduce or minimize the pollution associated with this 
unavoidable necessity. However these technologies are being applied only in the countries which have 
introduced pollutions emission limits. 

2. EMISSION LIMITS FOR SELECTED COUNTRIES 

In most European countries, the emission limits are correlated with European Union directive 
2001/80/EC on the limitation of emissions of certain pollutants into the air from large combustion 
plants. The document regulates the emission of SO2, NOx and dust which are the major problems in 
the case of fuel combustion. According to this document, emission limits are determined based on type 
of fuel and thermal input of the plant. Pollutants concentrations in flue gases are standardized for 
normal conditions, dry gases and oxygen content 6% for solid fuels and 3% liquid fuels. The values of 
the limits of SO2, NOx and dust for existing and new plants are presented in Table I and II. 

 



Working Material 

16 

 

TABLE I. EMISSION LIMIT VALUES FOR EXISTING PLANTS ACCORDING TO DIRECTIVE 
2001/80/EC. 

Pollutant Fuel type 
Emission limit values [mg/Nm3] 

50 to 100 MWth 100 to 300 MWth 300 to 500 MWth > 500 MWth 

SO2 

Solid 2000 2000 to 400 (linear decrease) 400 

Liquid 1700 
1700 to 400 

(linear decrease) 
400 

Gaseous 35 (general case) 

NOx 

Solid 600 
500 (200 from 

1.01.2016) 

Liquid 450 400 

Gaseous 300 200 

Dust 

Solid 100 50 

Liquid 50 

Gaseous 5 (general case) 

 

TABLE II.  EMISSION LIMIT VALUES FOR NEW PLANTS ACCORDING TO DIRECTIVE 
2001/80/EC. 

Pollutant Fuel type 
Emission limit values [mg/Nm3] 

50 to 100 MWth 300 to 500 MWth > 500 MWth 

SO2 

Solid  
(general case) 

850 200 200 

Liquid 850 
400 to 200 (linear 

decrease 
200 

Gaseous 35 (general case) 

NOx 

Solid  
(general case) 

400 200 200 

Liquid 400 200 200 

Gaseous  
(natural gas) 

150 100 

Dust 

Solid  50 30 

Liquid 50 30 

Gaseous 5 (general case) 

 

The directive also regulates emission ceilings that are to be attained by 2010 according to 
Gothenburg Protocol. The emission ceilings for SO2 and NOx for selected European countries are 
given in Table III. 

 



Working Material 

17 

 

TABLE III.  NATIONAL SO2 AND NOX EMISSION CEILINGS FOR SELECTED EUROPEAN 
COUNTRIES. 

Country 
National emission ceilings in 1000 tons 

SO2 NOx 

Austria 

Czech Republic 

Finland 

France 

Germany 

Greece 

Hungary 

Lithuania 

Poland 

Slovakia 

Spain 

United Kingdom 

39 

265 

110 

375 

520 

523 

500 

145 

1397 

110 

746 

585 

103 

286 

170 

810 

1051 

344 

198 

110 

879 

130 

847 

1167 

 

On the basis of the above regulations, more detailed national emission standards are elaborated. 
Polish emission standards are given in Minister of Environment Order from 20 December 2005. This 
act regulates emission of air contaminating substances from various technological processes in 
complex. Emission standards for SO2 and NOx are set different according to fuel type, heat input of the 
source and operation period. Polish emission standards of SO2 and NOx for existing plants and 
selected fuels are presented in Table IV and V. Pollutants' concentrations are standardized for dry gas, 
normal conditions and oxygen content 6% for solid fuels and 3% for liquid fuels. 
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TABLE IV.  SO2 EMISSION STANDARDS IN POLAND FOR EXISTING PLANTS AND SELECTED 
FUELS. 

Heat input of the 
source [MW] 

Emission limits [mg/Nm3] 

Plants constructed before 29.03.1990 Plants constructed after 
28.03.1990 

Until 31.12.2007 From 1.01.2008 

Hard coal combustion 

<5 2000 1500 1500 

5 to 50 2000 1500 1300 

50 to 100 2000 1500 850 

100 to 225 2350 1500 
850 to 400 (linear 

decrease) 225 to 500 2350 
1500 to 400 (linear 

decrease) 

>500 2350 400 400 

Lignite combustion 

< 50 2500 1500 1500 

50 to 100 2500 1500 850 

100 to 225 2500 1500 
850 to 400 (linear 

decrease) 225 to 500 2500 
1500 to 400 (linear 

decrease) 

>500 2500 400 400 

Liquid fuels combustion 

<5 4375 1700 850 

5 to 50 4375 1700 850 

50 to 300 3500 1700 850 

300 to 500 3500 
1700 to 400 (linear 

decrease) 
850 to 400 (linear 

decrease) 

>500 3500 400 400 
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TABLE V. NOX EMISSION STANDARDS IN POLAND FOR EXISTING PLANTS AND SELECTED 
FUELS. 

Heat input 
of the 
source 
[MW] 

Emission limits [mg/Nm3] 

Plants constructed before 29.03.1990 Plants constructed after 28.03.1990 

Until 
31.12.2007 

1.01.2008 
to 

31.12.2015 

From 
1.01.2016 

Until 
31.12.2007 

1.01.2008 
to 

31.12.2015 

From 
1.01.2016 

Hard coal combustion 

<50 400 400 400 400 400 

50 to 500 600 600 600 500 500 

>500 540 500 200 500 200 

Lignite combustion 

<500 500 500 400 400 

>500 500 200 400 200 

Liquid fuels combustion 

<50 450 450 400 400 

50 to 500 630 450 450 450 

>500 630 400 450 400 

Facilities constructed after 27 November 2003 are considered as new plants. Table VI gives the 
emission standards for new plants in Poland (general case). 

 

TABLE VI.  GENERAL CASE SO2 AND NOX EMISSION STANDARDS FOR NEW PLANTS IN 
POLAND 

Heat input of the 
source [MW] 

Emission limits [mg/Nm3] 

SO2 NOx 

Solid fuels Liquid fuels Solid fuels Liquid fuels 

<5 1500 
850 

400 
400 

5 to 50 1300 

50 to 100 850 850 400 

100 to 300 
200 

400 to 200 (linear 
decrease) 

200 200 

>300 200 200 200 

In the United States of America, sulfur dioxide (SO2) emissions are restricted under the Clean 
Air Act Amendments of 1990. The CAAA established the Acid Rain Program, under Title IV, which 
requires major reductions of SO2 (and NOx) emissions in two phases. A nationwide cap-and-trade 
program was created to promote the most cost-effective compliance. Fuel switching to lower sulfur 
fuels and installation of flue gas desulfurization (FGD) systems (also referred to as scrubbers)  
have been used to comply with the SO2 limits. As the nationwide SO2 cap is reduced in 2010  
as specified in the CAAA, additional SO2 control equipment will be needed for continued compliance. 
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The goal of this act was to reduce SO2 emission by 10 million tons below 1980 level and NOx 
emission by 2 million tons by 2000. It also established SO2 emission trading system (cap and trade), 
which is a base of SO2 emission management in USA. The national emission cap for SO2 was set to 
8.95 million tons. 

In March 2005, the U.S. Environmental Protection Agency promulgated the Clean Air Interstate 
Rule (CAIR). The CAIR limits SO2 and NOx emissions in the Eastern U.S. In contrast to the Acid 
Rain Program, which set a nationwide cap on SO2 emissions, the CAIR sets region-wide emission 
caps for SO2. Emission reductions are to be achieved in two phases (2010 and 2015). When fully 
implemented, the CAIR will reduce SO2 emissions in 28 Eastern states and the District of Columbia 
by over 70%. The CAIR applies to fossil fuel burning, electric generating units in the region that are 
greater than 25 MW. 

An allowance authorizes a utility or industrial source to emit certain amount of SO2 during a 
given year or any year thereafter. EPA allocated allowances at an emission rate of 2.5 pounds of 
SO2/mmBtu (million British thermal units) of heat input, multiplied by the unit's baseline mmBtu  
(the average fossil fuel consumed from 1985 through 1987). At the end of each year, the source must 
hold an amount of allowances at least equal to its annual emissions, i.e., a source that emits 5000 tons 
of SO2 must hold at least 5,000 allowances that are usable in that year. Allowances are fully 
marketable commodities. Once allocated, allowances may be bought, sold, traded, or banked for use in 
future years. Allowances may not be used for compliance prior to the calendar year for which they are 
allocated. SO2 cap and trade system was introduced in 1995. 

Beside Clean Air Act, that is basic federal level law regulation, NOx emission is covered by 
NOx State Implementation Plans (SIP) Call of 24 September 1998. This state level act allowed to 
introduce NOx emission trading system by allocating state emission limit. NOx cap and trade system 
was introduced in 2003. 

However, regardless of how many allowances a source holds, it is never entitled to exceed the 
limits set under Title I of Clean Air Act to protect public health. The emission limits can be found 
under New Source Performance Standards (NSPS) on the regulation of emissions from various types 
of industrial facilities, Code of Federal Regulations (SFR), Title 40 Protection of Environment, Part 60 
Standards and Performances for New Stationary Sources. Apart from fulfilling the emission standards 
it is required to install Best Available Control Technology (BACT, BAT) during construction phase. 
Next, standards for two main groups of stationary sources: electric utility steam generating units and 
industrial steam generating units are presented. 

The sulfur dioxide emission standards of performance for electric utility steam generating units 
for which construction is commenced after September 18, 1978 are written with consideration of type 
of fuel and year of construction or modification of the plant. 

For the plants constructed or modernized before 28 February 2005 which combust solid or solid 
derived fuels, SO2 emission limit is: 

• 520 ng/J (1.20 lb/million BTU) heat input and or 10 % of potential combustion concentration 
(90% reduction), or 

• 30% of potential combustion concentration (70% reduction) when emission is less than 260 ng/J 
(0.60 lb/million BTU) heat input. 

For the plants constructed or modernized before 28 February 2005 which combust liquid or 
gaseous fuels, SO2 emission limit is: 

• 340 ng/J (0.80 lb/million BTU) heat input and or 10 % of potential combustion concentration 
(90% reduction), or 

• 100% of potential combustion concentration (0% reduction) when emission is less than 86 ng/J 
(0.20 lb/million BTU) heat input. 

When different fuels are combusted simultaneously, the emission standards are determined by 
the following formulas: 
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• for sulfur dioxide emission greater than 260 ng/J (0.60 lb/million BTU) heat input  
Es = (340*x + 520*y)/100 and %Ps = 10 

• for sulfur dioxide emission less then 260 ng/J (0.60 lb/million BTU) heat input 
Es = (340*x + 520*y)/100 and %Ps = (10*x + 30*y)/100, where 

Es is sulfur dioxide emission limit in ng/J, 
%Ps is the percentage of potential SO2 emission allowed, 
x is the percentage of total heat input derived from combustion of liquid or gaseous fuels 
y is the percentage of total heat input derived from combustion of solid or solid derived fuels. 

In the case of new plants (constructed, reconstructed or modified after 28 February 2005)  
the following emission regulations are to be used: 

• for facilities, which construction commenced after 28 February 2005 
180 ng/J (1.4 lb/million BTU) gross energy output on a 30-day rolling average basis, or 
5% of the potential combustion concentration (95% reduction) on a 30-day rolling average 
basis; 

• for facilities, which reconstruction commenced after 28 February 2005 
180 ng/J (1.4 lb/million BTU) gross energy output on a 30-day rolling average basis, or 
65 ng/J (0.15 lb/million BTU) heat input on a 30-day rolling average basis, or 
5% of the potential combustion concentration (95% reduction) on a 30-day rolling average 
basis; 

• for facilities, which modification commenced after 28 February 2005 
180 ng/J (1.4 lb/million BTU) gross energy output on a 30-day rolling average basis, or 
65 ng/J (0.15 lb/million BTU) heat input on a 30-day rolling average basis, or 
10% of the potential combustion concentration (90% reduction) on a 30-day rolling average 
basis. 

The standards of performance for industrial-commercial-institutional steam generating units set, 
that in general case, SO2 emission limit for the plants constructed or modified before 28 February 2005 
must not exceed 87 ng/J (0.20 lb/mmBTU) not regarding the fuel type or 10% of potential sulfur 
dioxide emission rate (90% reduction) must be achieved. In this case the emission limit is determined 
according to the formula: 

Es = (KaHa = KbHb)/(Ha+Hb), where 

Es is sulfur dioxide emission limit given in ng/J or lb/million BTU heat input, 
Ka is 520 ng/J (or 1.2 lb/million BTU), 
Kb is 340 ng/J (or 0.80 lb/million BTU), 
Ha is the heat input from the combustion of coal given in J (million Btu), 
Hb is the heat input from the combustion of oil given in J (million Btu). 

For the combustion of coal refuse alone in fluidized bed combustion steam generating unit  
the emission limit is 87 ng/J (0.20 lb/mmBTU) or 20 % of potential sulfur dioxide emission rate  
(80% reduction) must be achieved. If coal refuse is combined with any other fuel general rules must  
be applied. 

In the case of application of emerging technology for the sulfur dioxide emission control,  
the only rule is 50% reduction of the potential sulfur dioxide emission rate, but the emission limit is 
calculated using different emission factors. The formula for calculation of SO2 emission limit in this 
case is following: 

Es = (KcHc = KdHd)/(Hc+Hd), where 

Es is sulfur dioxide emission limit given in ng/J or lb/million BTU heat input, 
Kc is 260 ng/J (or 0.60 lb/million BTU), 
Kd is 170 ng/J (or 0.40 lb/million BTU), 
Hc is the heat input from the combustion of coal given in J (million Btu), 
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Hd is the heat input from the combustion of oil given in J (million Btu). 

New sources (constructed or modified after 28 February 2005) are obliged not to exceed 87 ng/J 
(0.20 lb/mmBTU) or 8% of potential sulfur dioxide emission rate (92% reduction) for 520 ng/J  
(1.2 lb/million Btu) must be achieved regardless the type of fuel. 

The nitrogen oxides (expressed as NO2) emission standards of performance for electric utility 
steam generating units for which construction is commenced after September 18, 1978 and NOx 
reduction requirements are given in Table VII. 

 

TABLE VII.   NOX EMISSION LIMITS AND REDUCTION REQUIREMENTS FOR ELECTRIC UTILITY 
STEAM GENERATION UNITS IN THE USA. 

Fuel type 
Emission limit for heat input 

ng/J lb/million Btu 

Gaseous fuels: 

coal derived fuels 

all other fuels 

Liquid fuels: 

coal derived fuels 

shale oil 

all other fuels 

Solid fuels: 

coal derived fuels 

fuels containing more then 25% lignite 

subbitominous coal 

bitominous coal 

anthracite coal 

all other fuels 

 

210 

86 

 

210 

210 

130 

 

210 

340 

210 

260 

260 

260 

 

0.50 

0.20 

 

0.50 

0.50 

0.30 

 

0.50 

0.80 

0.50 

0.60 

0.60 

060 

Fuel type 
Percent reduction of potential  

combustion concentration 

Gaseous fuels: 

Liquid fuels: 

Solid fuels: 

25 

30 

65 

 

In the case, when two or more fuels are combusted simultaneously the appropriate emission 
standard is calculated according to formula: 

En = (86*w + 130*x + 210*y + 260*z + 340*v)/100, where 

En is applicable NOx emission limit expressed in ng/J heat input,  
w, x, y, z, v are the percentages of total heat input derived from the combustion of fuels subject to 
respectively 86, 130, 210, 260 and 340 ng/J heat input standard. 

In the case of new plants (constructed, reconstructed or modified after 28 February 2005) the 
following emission limits are set: 

• for facilities, which construction commenced after 28 February 2005 
130 ng/J (1.0 lb/million BTU) gross energy output on a 30-day rolling average basis; 
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• for facilities, which reconstruction commenced after 28 February 2005 
130 ng/J (1.0 lb/million BTU) gross energy output on a 30-day rolling average basis, or 
47 ng/J (0.11 lb/million BTU) heat input on a 30-day rolling average basis; 

• for facilities, which modification commenced after 28 February 2005 
180 ng/J (1.4 lb/million BTU) gross energy output on a 30-day rolling average basis, or 
65 ng/J (0.15 lb/million BTU) heat input on a 30-day rolling average basis. 

The standards of performance for industrial-commercial-institutional steam generating units in 
general case are given in Table VIII. 

 

TABLE VIII.  NOX EMISSION STANDARDS FOR INDUSTRIAL-COMMERCIAL-INSTITUTIONAL 
STEAM GENERATING UNITS IN THE USA 

Fuel/Steam generating unit type 

Emission limit (expressed as NO2) 
 for heat input 

ng/J lb/million Btu 

Natural gas and distillate oil: 

low heat release rate 

high heat release rate 

Residual oil: 

low heat release rate 

high heat release rate 

Coal: 

mass-feed stoker 

spreader stoker, fluidized bed combustion 

pulverized coal 

lignite 

coal derived synthetic fuels 

 

43 

86 

 

130 

170 

 

210 

260 

300 

260 

210 

 

0.10 

0.20 

 

0.30 

0.40 

 

0.50 

0.60 

0.70 

0.60 

0.50 

 

In the case of simultaneous combustion of two more fuel the following formula is used for 
determination of NOx emission limit: 

∑

∑

=

==
k

i
i

k

i
ii

n

H

HEL
E

1

1 , where 

En is applicable NOx emission limit expressed in ng/J (lb/million Btu) heat input, 
ELi is appropriate emission limit for the successive fuel 
Hi is heat input from combustion of the successive fuel 

The countries outside of Europe and North America continents are introducing the emission 
limits as well. The good example is the Kingdom of Saudi Arabia. 

The Presidency of Meteorology and Environment of the Kingdom of Saudi Arabia is 
responsible for regulation of the standards of ambient air quality as well as emission limits for 
stationary combustion sources. The actual environmental protection standards are contained in General 
Environmental Regulations and Rules for Implementation, Document NO. 1409-01 issued 15 October 
2001.  
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According to this document all fossil fuel fired boilers and furnaces having a heat input capacity 
equal to or greater than 30 MW (100 MBTU/hour) shall utilize appropriate gas cleaning equipment to 
limit emissions to the following rates: 

(1) 43 ng/J (0.1 lb/MBTU) of total particulates. 

(2) 1 microgram/J (2.3 lb/MBTU) of sulfur dioxide. 

(3) 130 ng/J (0.3 lb/MBTU) of NOx for oil fired facilities. 

(4) 86 ng/J (0.2 lb/MBTU) of NOx for gas fired facilities. 

Apart of general rules in Saudi Arabia there are special emission limits for two industrial cities 
– Jubail and Yanbu, set by The Royal Commission of Jubail and Yanbu (the governmental agency 
which is in charge of supervising Industrial Cities in both Jubail and Yanbu city). For SO2 emission 
these regulations are stricter than given by the Presidency of Meteorology and Environment. In this 
case the SO2 emission is limited to 340ng/J. 

3. CONCLUSIONS 

The fossil fuels are the main primary energy sources. The combustion of coal, gas and oil leads 
to the emission of vast quantities of pollutants. Fly ash, especially PM2.5 ha adverse effects on human 
health and leads to life span reduction by several months in some regions. SOx and NOx lead to 
formation of acidic rains. CO2, N2O, VOC and others are the greenhouse effect gases. Therefore most 
of the countries are introducing the emission limits. The number of the countries which have such 
standards in place is growing and includes so called developing countries. The actions regarding air 
pollution control are the must nowadays. 
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