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Abstract 
The emission and absorption fluxes of CO2 and CH4 in the environment have been characterized. It has been 

pointed out that the anthropogenic emission of CO2 amounts only to 3% of emissions from the natural sources. It 

has been also noted that increasing CO2 absorption of terrestrial ecosystems by 3% could inhibit the increase of 

CO2 concentration in the atmosphere. This means that mitigation of global warming by intensifying natural pro-

cesses is a more sustainable solution than performing expensive changes in energy policy. Lowering the emission 

of methane, on the other hand, can be accomplished by utilizing fodder additives for ruminants and the process of 

microbiological methane oxidation in covering soil layers or biofilters.  
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Streszczenie 
W artykule scharakteryzowano strumień emisji i absorpcji gazów cieplarnianych CO2 i CH4 w środowisku. Zwró-

cono uwagę, że antropogeniczna emisja CO2 wynosi zaledwie 3% poziomu emisji ze źródeł naturalnych. Ponadto 

zauważono, że intensyfikacja absorpcji CO2 przez ekosystemy lądowe o 3% mogłaby zahamować wzrost stężenia 

CO2 w atmosferze. Oznacza to, że bardziej zrównoważone jest przeciwdziałanie efektowi cieplarnianemu poprzez 

intensyfikację procesów naturalnych od kosztownych zmian w polityce energetycznej. Natomiast ograniczanie 

emisji innego gazu cieplarnianego – metanu – można osiągnąć poprzez stosowanie dodatków do paszy dla zwierząt 

przeżuwających oraz wykorzystanie procesu mikrobiologicznego utleniania metanu w nakładach glebowych i bio-

filtrach.  

 

Słowa kluczowe: gazy cieplarniane, emisja CO2, zrównoważony rozwój 

 

1. Introduction 

 

The problems connected with the emission of green-

house gases are directly associated with the issue of 

sustainable development. According to reports 

(IPCC, 2013, 2014), excessive emission of green-

house gases leads to the degradation of environment, 

and thus violates the intergenerational equity para-

digm of sustainability which requires taking the ac-

tions that preserve the non-degraded environment for 

the future generations.  

In the ongoing discussion about greenhouse effect 

mitigation, costly solutions – which may seriously 

hinder the inhabitants of less developed countries in 

the process of going  out of poverty – are  being  rec- 

 

ommended. This, in turn, violates the second im-

portant paradigm of sustainable development, which 

requires taking the actions that strive for ensuing 

equal life standards for all people.  

Hence, it is important to seek such methods of inhib-

iting climate changes which would conform to the 

paradigms of sustainable development (Cholewa, 

Pawłowski, 2008; Pawłowski 2019, 2013).   

 

2. Characteristics of the emission of the main 

greenhouse gases: CO2 and CH4 

 

The policy of counteracting the greenhouse effect fo-

cuses mainly on mitigating the CO2 emission from 

combustion processes. Meanwhile, according to the 
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data published by Intergovernmental Panel on Cli-

mate Change (IPCC 2007), the emission of CO2 

from fossil fuels combustion and cement production 

equals 7.6±0.6 GT/year, which is a relatively small 

amount in comparison to the natural fluxes. The 

emission of CO2 resulting from the respiration of or-

ganisms and plants amounts to 118.7 GT/year, 

whereas the emission from the surface of oceans 

equals 78.4 GT/year. This is further supplemented 

by the emission of CO2 from volcanic eruptions, ap-

proximating 0.1 GT/year and the emission from in-

land waterways, amounting to 1 GT/year. Changes 

in land use, which mainly include deforestation, in-

crease the CO2 emissions by 1.1±0.8 GT/year. Thus, 

the total CO2 emission from natural processes equals 

198.2 GT/year, while the emissions from anthropo-

genic sources – 8.7±1.4 GT/year (Falkowski et al., 

2000). 

Simultaneously, absorption of CO2 from the atmos-

phere takes place. Plants absorb 123 GT/year during 

photosynthesis, 80 GT/year is absorbed by oceans, 

and 0.3 GT/year is absorbed through the erosion of 

rocks. According to the above-mentioned data, out 

of the anthropogenic emissions amounting to 

8.7±1.4 GT CO2/year, 5.0 GT CO2/year is absorbed 

in natural processes. The remaining 3.7 GT CO2/year 

contributes to the increase of CO2 concentration in 

the atmosphere. Therefore, if the absorption of CO2 

in natural processes was enhanced by 3.7 GT 

CO2/year, the increase of CO2 in the atmosphere 

would be inhibited. In such context, the approach of 

J. Szyszko, Polish Minister of Environment, de-

serves attention. Instead of costly changes in energy 

policy, he proposes to take an interest in the seques-

tration of CO2 by forests.   

Methane is another important greenhouse gas. Ac-

cording to the data published by IPCC (IPCC, 2013), 

87-94 MT of methane us emitted by animal hus-

bandry, 33-40 MT/year is emitted from rice cultiva-

tion, 85-105 MT/year from fossil fuel extraction and 

processing, 67-90 MT/year from landfills, and 32-39 

MT/year from biomass combustion, which in total 

amounts to 304-368 MT/year (Uliasz-Bocheńczyk, 

Mokrzycki, 2015).  

Moreover, the emission of CH4 in natural processes 

comprises: 2-9 MT/year from hydrates, 177-284 

MT/year from swamps, 8-73 MT/year from surface 

waters, 2-22 MT/year by termites, and 33-75 

MT/year from geological reservoirs, which amounts 

to 222-463 MT/year when combined. The total an-

nual emission of methane from both anthropological 

and natural sources amounts to 676-1080 MT/year. 

Natural processes of methane removal occur in the 

atmosphere: 16-84 MT/year of methane is oxidized 

by OH- radicals in the stratosphere, whereas in the 

troposphere – the oxidized amount ranges 454-617 

MT/year. Moreover, microorganisms in soil annu-

ally remove 9-47 MT of CH4 through oxidation. 

Hence, the methane content in the atmosphere in-

creases by 184-305 MT/year. 

3. Sustainable mitigation of CO2 and CH4 emis-

sions 

 

Vast majority of efforts aimed at mitigating the 

greenhouse effect focuses on limiting the CO2 emis-

sions, mainly by eliminating usable energy from fos-

sil fuels, with coal in particular. Such approach, as 

pointed out by Lindzen (2010) leads to a substantial 

increase in the cost of energy. Additionally, there are 

concerns whether alternative energy carriers exist in 

sufficient amounts to ensure smooth functioning of 

the human civilization (Pawłowski, 2009). It seems 

that the role of natural processes occurring in the en-

vironment remains underappreciated.  

According to the CO2 balance given in the introduc-

tion, out of 8.7±1.4 GT/year produced through an-

thropogenic emission, 5.0 GT/year is absorbed in 

natural processes, mainly in photosynthesis and by 

dissolving in oceans, and only 3.7 GT/year is emitted 

to the atmosphere, contributing to the increasing CO2 

concentration in the atmosphere. 

The CO2 absorption capacity of seas and oceans is 

limited, as the symptoms of acidification are already 

becoming apparent, leading to a reduced CO2 solu-

bility in water. Attempts are being made to increase 

the CO2 absorption capacity in sea water through ar-

tificial intensification of algal growth, carried out by 

means of fertilization with ferric ions (IPCC, 2007; 

Boyd et al., 2000; Coale et al., 1996; Aumont and 

Bopp, 2006). However, this method raises certain 

concerns (Allsopp et al., 2007). On the other hand, 

absorption of CO2 by terrestrial ecosystems remains 

underappreciated. While comparing the annual CO2 

emission from the anthropogenic sources – which 

equal 3.7 GT/year – with the level of CO2 absorption 

occurring in terrestrial ecosystems through photo-

synthesis, it is becomes obvious that raising the pho-

tosynthesis intensity merely by 3.0% could com-

pletely inhibit the increase of CO2 concentration in 

the atmosphere. This could be achieved, e.g. by a 

proper silviculture (Oren et al., 2001; Garbulski et 

al., 2008; Gorte, 2009; Uliasz-Bocheńczyk, 

Mokrzycki, 2005; Olejnik et al., 2011; Gaj, 2012; 

Dubey et al., 2015). 

Polish Minister of Environment noticed this possi-

bility, showing that CO2 sequestration by forest eco-

systems is very beneficial and profitable. Sequestrat-

ing 1 MT of CO2 would cost approximately €4 

(Szyszko, 1015). Silviculture in Poland occupies 9.5 

million ha. The absorption of CO2 by forests ranges 

from 9 to 21 MT of CO2/ha per year. Thus, it is easy 

to calculate that Polish forests absorb 86.5-199.5 MT 

of CO2 annually. In 1990, 387.3 MT of CO2 was 

emitted in Poland, whereas in 2014 – 316.8 MT of 

CO2, i.e. the emission was cut by 18.1% (B.P, 2015). 

According to the above-mentioned data, Polish for-

ests remove 27.3-63.3% of CO2 emitted by the 

Polish industry. Therefore, proper silviculture is the 

most sustainable method of reducing CO2 emissions, 

and not only in Poland. 
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As methane is a useful fuel, the most advantageous 

solution is to recover it for energy production. If the 

concentration of methane is sufficiently high, it can 

be used as a fuel. However, lower concentrations are 

problematic. In the case of air obtained from bitumi-

nous coal mine shafts ventilation, attempts have been 

made to combust it in a reactor equipped with a cat-

alytic converter (Gosiewski et al., 2010). 

Regulating natural processes in the case of methane 

is significantly more difficult. The highest amounts 

of methane are emitted by ruminants. The studies 

performed (Boadi et al., 2004) have shown that the 

addition of ionophores probioties, acetogens, bacte-

riocins, archaeal viruses and organic acids can re-

duce generation of enteric methane. 

Utilizing natural processes of microbial oxidation of 

methane allows to reduce the emission of methane. 

One of the simplest methods is the oxidation of me-

thane in covering soil layers or biofiltres (Stępniew-

ski, Pawłowska,  1996; Bogner, 2003; Streese, Steg-

mann, 2003; Pawłowska, 2008; Scheutz et al., 2009; 

Montusiewicz at al., 2008; Staszewska,  Pawłowska, 

2011; Zdeb, 2015). 

 

Conclusions 

 

To sum up, effective employment of CO2 absorption 

by terrestrial ecosystems consisting in the intensifi-

cation of photosynthesis – which additionally in-

creases the production of biomass – constitutes an 

example of implementing sustainable development 

principles in the mitigation of greenhouse effect. 

Mitigation of methane emissions is possible by uti-

lizing fodder additives for ruminants and employing 

a microbiological methane oxidation process in spe-

cially formed covering soil layers or biofilters. 
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