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Abstract  

Fossil fuels, including coal, natural gas, petroleum, shale oil and bitumen, are the primary source of heat 
and electrical energy production and are responsible for emitting a large number and amount of pollutants into 
the atmosphere via exhaust gases from industry, power stations, residential heating systems and vehicles. During 
the combustion process, different pollutants such as CO2, SOX (including SO2 and SO3), NOX (including NO2, 
NO and N2O), fly ash, VOCs and mercury are emitted. These emissions cause big environmental and human 
health hazard. CO2, N2O, some VOCs, CH4 contribute to the global greenhouse effect, adding a new dimension 
to the environmental degradation resulting from the burning of fossil fuels. These problems regarding emissions 
inventory, their impact on the environment and human health, air pollution control technologies and costs, 
periods of fossil fuels depletion, role of renewable and nuclear energy in the further civilization development are 
briefly discussed. 
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1. INTRODUCTION 

The population of the world exceeds six billion people. Since 1800 – 1850, when this number 
reached one billion, curve representing this increase versus time is almost exponential. 
Industrialization accompanied this rise in the number of inhabitants of our globe. The people would 
like to leave in the better conditions and this is connected with a big energy consumption. Population 
growth, higher standards of living, increased urbanization and enhanced industrial activities all 
contribute to the degradation of the environment. The problems of environmental damage and 
depletion of natural resources have received increasing attention throughout the world in the recent 
years. For example, fossil fuels, including coal, natural gas, petroleum, shale oil and bitumen, are the 
primary source of heat and electrical energy production and are responsible for emitting a large 
number and amount of pollutants into the atmosphere via exhaust gases from industry, power stations, 
residential heating systems and vehicles. 

During the combustion process, different pollutants such as CO2, SOX (including SO2 and SO3), 
NOX (including NO2, NO and N2O), fly ash, VOCs and mercury are emitted. Mechanisms of pollutant 
transformation in the atmosphere are described by the environmental chemistry. In the presence of 
water vapor, SOX and NOX are oxidized, forming sulphuric and nitric acids, respectively. Fog and 
droplets result in so-called acid rain (i.e. acid precipitation). Since they can be carried on many 
hundreds of kilometres by winds, acid pollutants emitted in one country may be deposited as acid rain 
in other countries. As industrialisation expanded across Europe during the 1970 and 1980’s, with the 
use of tall chimneys in industry and power generation increasing, acid deposition became  
a particularly prevalent problem. In a response to clean up Europe’s air, in 1979 the United Nations 
Economic Commission for Europe (UNECE) implemented the Convention on Long Range 
Transboundary Pollution, with the aim of reducing acidic emissions. Acid rain in Europe continues to 
be a problem in Europe until these emissions can be dramatically reduced. In recent years, 
investigations have shown that VOC emissions to the atmosphere can cause stratospheric ozone layer 
depletion and ground level photochemical ozone formation, and can have toxic or carcinogenic effects 
on human health. These emissions contribute to the global greenhouse effect, adding a new dimension 
to the environmental degradation resulting from the burning of fossil fuels. Small fly ash particles and 
aerosol particles being a result of chemical pollutants transformation contribute to so called PM 2.5 
fractions (particles equal or smaller than 2.5 microns). When they reach respiratory system they 
dramatically affect human health. Unfortunately the estimations for the near future show that the fossil 
fuels will be still biggest primary sources of power generation, till the moment when they will be 
depleted globally [1]. 
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2. ENERGY PRODUCTION AND DEMAND 

Energy demand and primary energy sources are listed in Table I [2]. The share of transport rose 
from 24.2% in 1973 to just fewer than 30% in 2001. World energy demand has continued to increase 
even while the efficiency of many vehicles and energy-using appliances has improved. Both 
developed and developing countries are responsible for the growth. Improvements in energy efficiency 
in developed countries over the recent past did not lead to decreases in energy demand, because higher 
living standards have resulted in higher consumer expectations. In developing countries, rural and 
urban electrification programmes, together with the development of transport and industrialization, led 
to  
a strong increase in energy demand. The increase in demand was often faster than the growth in 
population. However, still some 2.4 billion people rely on traditional biomass for cooking and heating. 
That number will increase to 2.6 billion by 2030. In developing countries, biomass use will still 
represent over half of residential energy consumption in 30 years. Without policy changes, world 
energy demand is projected to increase steadily at 1.7 % per year through 2030, less than the 2.1 % 
annual growth over the past 30 years. In that event, fossil fuels will remain the primary sources of 
energy and will meet 90% of the increase in demand to 2030. 

 

TABLE I. WORLD PRIMARY ENERGY DEMAND. (MILLION TONNES OIL EQUIVALENT) 

 1971 2002 2010 2020 2030 

Coal 1 407 2 389 2 763 3 193 3 601 

Oil 2 413 3 676 4 308  5 074 5 766 

Gas   892 2 190 2 703 3 451 4 130 

Nuclear    29 692 778 776 764 

Hydro  104 224 276 321 365 

Biomas and 
waste 

687 1 119 1 264 1 428 1 605 

Other 
renewables 

4 55 101 162 256 

Total 5 536 10 345 12 194 14 404 16 487 

 

3. MAIN PRIMARY ELECTRICITY GENERATION SOURCES 

Special attention should be put on electricity production, since all over the world a big 
percentage of population lives in the mega cites and in this case huge electricity generation power 
plants are required. The second reason is that in some cases power stations are located close to open 
mouth mines like Bełchatów and Turów in Poland. Therefore their impact on the environment is 
meaningful. 

The installed electricity generation capacity by the primary energy source category is presented 
for selected countries in Table II. Table III gives the general numbers for the world. Some 1.6 billion 
people – one-quarter of world population - have no access to electricity. About 80% of these people 
are located in India and sub-Saharan Africa. 
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TABLE II.  ELECTRICITY PRODUCTION [GWh] IN SELECTED COUNTRIES IN THE WORLD 
AFTER IEA ENERGY STATISTICS 

Country USA D F PL ChRL Ind Iran SAU 

Coal 2 082 
782 

314 209 29 744 142 592 1 514 
897 

432 
799 

0 0 

Oil 137 560 4712 8673 2456 57 417 29 084 24 415 82 021 

Gas 670 191 58 505 17 143 2425 5575 72 802 117 
056 

70 979 

Biomass 46 029 4468 1760 454 2472 1877 0 0 

Waste 24 644 8884 3285 286 0 0 0 0 

Nuclear 787 818 165 060 441 070 0 43 342 17 780 0 0 

Hydro 305 724 24 440 64 338 3294 283 681 75 339 11 098 0 

Geothermal 14 870 0 0 0 0 0 0 0 

Solar PV 2 333 8 0 0 4 0 0 

Solar 
thermal 

548 0 0 0 0 0 0 0 

Other 
sources 

11 300 18 859 881 124 0 3590 0 0 

Total 4 081 
468 

599 470 566 902 151 631 1 907 
384 

633 
275 

152 
569 

153 000 

 

TABLE III.  ELECTRICITY GENERATION CAPACITY INSTALLED BY SOURCES. 

 

Fuel 

Power (GW) 

Installed in 1995 Estimated for 
2020 

Net increase 

Coal 

Gas 

Oil 

Hydro 

Nuclear 

Other 

870 

435 

435 

667 

348 

145 

1836 

1296 

648 

1026 

378 

216 

966 

861 

213 

359 

30 

71 

Total 2900 5400 2500 
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4. GASOUS AND PARTICULATE MATTER POLLUTANTS EMISSIONS 

Carbon dioxide is the most important anthropogenic greenhouse gas. Global emissions of 
carbon dioxide have risen by 68% since 1971. Global energy-related carbon-dioxide emissions 
increase by 55% between 2004 and 2030, or 1.7% per year, according to the IEA Reference Scenario 
[2]. They reach 40 gigatonnes in 2030, an increase of 13 - 14 Gt over the 2004 level (Table IV). Power 
generation, which currently accounts for around 40 – 50 % of emissions will contribute almost half the 
increase (or 7 billion tonnes) in global emissions between 2000 and 2030. Transport will account for 
more than a quarter, residential, commercial and industrial sectors for the rest. Emissions are projected 
to grow slightly faster than primary energy demand – reversing the trend of the last two-and-a-half 
decades – because the average carbon content of primary energy consumption increases. Under this 
scenario, emissions are projected to grow by 69%, slightly more than the growth of 66% in energy 
supply. Fossil fuel shares in overall emissions changed slightly during the period. The relative weight 
of coal in global emissions has remained at approximately 40% since the early 1970s. The share of 
natural gas has increased from 14% in 1973 to 20% in 2001.Oil’s share decreased from 51% to 42%. 
Projections through the year 2030 show a continuing increase in global carbon dioxide emissions; if 
no new policies and measures are put in place. The average carbon content of energy – CO2 emissions 
per unit of aggregate primary energy consumption – will increase over the next 30 years. The main 
cause of this reversal will be the declining share of nuclear and hydro power in the global energy mix. 

TABLE IV.  WORLD CARBON DIOXIDE EMISSIONS FROM COMBUSTION OF FOSSIL FUELS. 

 1980 1990 2000 2004 2030 

(Million 
Tonns) 

 

18 333.26 

 

21 426.12 

 

23 851.46 

 

27 043.57 

 

40 000 

 

The global atmospheric concentration of carbon dioxide has increased from a pre-industrial 
value of about 280 ppm to 379 ppm in 2005. The atmospheric concentration of carbon dioxide in 2005 
exceeds by far the natural range over the last 650,000 years (180 to 300 ppm) as determined from ice 
cores. The annual carbon dioxide concentration growth-rate was larger during the last 10 years (1995 – 
2005 average: 1.9 ppm per year), than it has been since the beginning of continuous direct atmospheric 
measurements (1960 – 2005 average: 1.4 ppm per year) although there is year-to-year variability in 
growth rates [3]. 

Other two pollutants SO2 and NOx , responsible for acidic rain, mostly are emitted during coal 
and heavy oil combustion. These pollutants emissions are tremendous and data for selected countries 
are presented in Tables V and VI. The problem concerns especially countries like Poland where coal is 
a main fuel for electricity and heat production. 

TABLE V. SO2 EMISSION INVENTORY IN SELECTED COUNTRIES IN THE WORLD IN 2003 

Country SO2 [1000 t] Country SO2 [1000 t] 

USA 10 646 Poland 1564 

Germany 616 Turkey 1346 

France 492 EU-15 5420 
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TABLE VI. NOx EMISSION INVENTORY IN SELECTED COUNTRIES IN THE WORLD IN 2003 

Country  NOx [1000 t] Country NOx [1000 t] 

USA 4532 Poland 1220 

Germany 1428 Turkey   951 

France  805 EU-15 9269 

 

Recently recognized problem is connected with the health effects of PM 2.5. In the early years 
of air pollution standards establishment the mass load of particulate emission was considered, 
nowadays the limits concerning PM 2.5 emissions are being introduced. 

Other problems is the emission of mercury during fossil fuel combustion, even quantities are not 
too big. Trace amounts of mercury can exist in coal and other fossil fuels. When these fuels burn, 
mercury vapor can be released to the atmosphere where it may drift for a year or more, spreading with 
air currents over vast regions of the globe. In 1995, an estimated 5500 tons of mercury was emitted 
globally from both natural and human sources. Coal-fired power plants contribute only a small part of 
the total worldwide emissions of mercury. The estimated 48 tons of mercury they emit in the US 
annually is about one-third of the total amount of mercury released annually by human activities in 
this country [4]. Never less it is a big concern due to the fact that mercury easily incorporates in the 
food chain. 

Finally a new problem is connected with Volatile Organic Compounds (VOC) emission in 
thermal processes. These pollutants, which belong to Non Methane Organic Carbon (NMOC), fall in 
the categories of Polyaromatic Hydrocarbons (PAH), Persistent Organic Pollutants (POP) with the 
long live time in the environment etc. EPA listed 18 of these compounds as potential carcinogenic and 
WHO published similar list [5]. 

According to the German data losses linked to emission of one tonne of SO2, NOx and 
particulate were respectively 6000; 5000 and 13000 USD (1990). Total loses of EU-15 (1990) due to 
the greenhouse effect were estimated as 4.6x109 – 1.7x1011 USD. In the Netherlands death rate caused 
by PM10 is bigger that caused by car accidents [6]. The map published at EU site [7] presents the 
regions where life time expectation is shorter by 12 months due to high PM2.5 concentrations. These 
are silent Charnobyls with the much higher tragic effects in comparison to this 1986’s accident. 

5. EMISSION CONTROL TECHNOLOGIES 

Quite big difference exists regarding pollution control technologies for SO2, NOx and fly ash 
removal, VOC and Hg treatment and finally CO2 mitigation. Desulfurization and denitrification 
processes are mostly based on lime/limestone FGD or SCR. However, new generation technologies 
are being developed as well [8]. The add-on technologies to reduce regional air pollution remain 
necessary throughout the century. The costs to reach the NOx emission reduction targets in Europe are 
about three times as high as for SO2. The total annual costs are in the order of 1 or 2% of the present 
GDP, depending on the scenario [9]. 

A CO2 sequestration scheme involves three distinct components: capture of the emitted CO2 
from the source followed by compression and dehydration, transportation to the storage site and 
injection and storage of the CO2 in the geological reservoir. One of the key barriers to the introduction 
of CO2 sequestration technology is the cost associated with CO2 capture. Most CO2 point sources 
considered to supply CO2 (industrial and electricity plants) generally emit diluted CO2 streams. 
Typical cost ranges for CO2 removal from the exhaust gas of power plants with amines (state of the art 
technology) are in the range of 40–60 Euro/t [10]. 

Mercury emission control technologies are based on sorption mostly and are placebo type 
methods, just to demonstrate willing to solve the problem. VOC are emitted in very small quantities 
and on line monitoring methods are not developed yet. Sampling and GS/MS analytical methods are 
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applied to estimate emissions [11]. Therefore the control has been introduced in the dioxin abatement 
in municipal waste incinerators. 

6. FOSSIL FUELS RESERVES 

The fossil fuel reserves are limited [12]. Oil reserves according to the data available of 1 
January 1997 were 1018.5-1160.1 billion barrels (7.1x1021 Joules). Average consumption in 1998 was 
74.9 million barrels per day (457x1015 Joules per day, 167x1018 Joules per year). For these 
assumptions the oil reserves were left for 42.5 years. Oil Reserves as of 1 January 1999 were 967.5-
1033.2 billion barrels and average consumption in 1998 was 73.643 million barrels per day. In this 
case the time left was 38.4 years. World Natural Gas Reserves as of January 1, 1997 was 140 - 146 
Trillion Cubic Meters (5.37x1021 Joules). Natural gas consumption in 1996 was (81.9 x 1018 joules) 
per year. Natural gas lifetime appeared to be 65.5 years. Since that time the situation didn’t change too 
much (Table VII). Over 68% of oil and 67% of gas reserves are concentrated in the Middle East and 
Russia. 

Coal resources are available in almost every country worldwide, with recoverable reserves in 
around 70 countries (Table VIII) [13]. At current production levels, proven coal reserves are estimated 
to last 155 years. 

TABLE VII. GAS AND OIL PROVEN RESERVES 

Year  1997 1998 2005 2006 2007 

Oil Billion barrels 1018 -1160 967 - 1033 1119 -1201  1317 

Gas Trillion, m 3 140 - 146  176 - 180 181  175 

 

TABLE VIII. TOTAL RECOVERABLE COAL 

 Recoverable 
Anthracite and 
Bituminous 

Recoverable 
Lignite and 
Subbituminous 

Total Recoverable 
Coal 

Million Tonnes 479 781 425 155 904 936 

 

7. RAW MATERIALS PRESERVATION ASPECTS 

Usage of oil and gas in big power plants is not acceptable at all. These applications should be 
prohibited by low. Fossil hydrocarbons are the main raw materials for chemical industries (like 
petrochemical – polymers, inorganic industry – ammonia, which is main reagent for fertilizers 
production etc.), fuels for transport and home applications. The Hubbert peak theory posits that for any 
given geographical area, from an individual oil field to the planet as a whole, the rate of petroleum 
production tends to follow a bell-shaped curve. It also shows how to calculate the point of maximum 
production in advance based on discovery rates, production rates and cumulative production. Early in 
the curve (pre-peak), the production rate increases due to the discovery rate and the addition of 
infrastructure. Late in the curve (post-peak), production declines due to resource depletion. 
Association for the Study of Peak Oil and Gas (ASPO) has suggested that the global production of 
conventional oil peaked in the spring of 2004 albeit at a rate of 23-GB/yr, not Hubbert's 13-GB/yr.  

During 2004, approximately 24 billion barrels of conventional oil was produced out of the total 
of 30 billion barrels of oil; the remaining 6 billion barrels coming from heavy oil and tar sands, deep 
water oil fields, and natural gas liquids. In 2005, the ASPO revised its prediction for the peak in world 
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oil production, from both conventional and nonconventional sources, to the year 2010. Sing oil and 
gas demand, if unchecked, would accentuate the consuming countries vulnerability to a severe supply 
disruption and resulting price shock [14]. Unfortunately politicians put too big stress on political and 
economical problems, so called energy safety and they pay less attention to the environmental and raw 
materials depletion scenarios [15]. 

8. RENEWABLES  

The big expectations were devoted to the development of renewables. However, the market 
penetration of renewables is slower than was hoped and improvements in energy efficiency in general 
have not offset the increasing demand for energy due to economic development. Some aspects 
limitations their applications are listed in Table IX. The real role in further development will play 
hydroenergy and biomass. The first is almost exploited in 100% of possible rivers potential energy in 
some countries. The share of renewable energies (including hydro) remained around 6%. 

TABLE IX. PRESENT STATUS OF RENEWABLE ENERGY 

 Photovoltaic Wind Power Nuclear Energy 

Area 20 m2/kW 

130 km2/1000 MW 

500 m2 for two 250 kW 
class unit (Height 30 m, 
diameter of vane 28 m) 

0.4 km2/1000MW 

Operation rate Annual Capacity Factor 
ca.12% 

No generation during 
nighttime 

Annual Capacity Factor 
20 – 25% 

Wind velocity > 6 m/s 

Annual Capacity 
Factor ca.80% 

 

Sustainable development is not an easy task nowadays. Recently the associations of the 
European Union food producers spoke out against the setting of a mandatory target for biofuels, 
saying it will damage the food industry by leading to a "serious" shortage of raw materials and price 
hikes. Rapeseed oil price doubled over the last five years and the price of cereals, starches, and 
glucose recently increased by about 20 per cent. They blame governments and the European 
Commission for promoting biofuels through tax incentives. High crude oil prices have also stimulated 
production. The result has been a growing conflict between the food and the energy industry for 
supplies [16] 

9. CONCLUSIONS 

The general public, policy makers and big business should treat the problems concerning power 
generation and connected with this activity environment degradation seriously. This industry 
development so important for civilization development holds responsibility for environment and 
human health decline, raw materials depletion. Since the fossil fuels are and will be the main energy 
sources the air pollution control technologies should be introduced widely in power industry. 
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