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1. Introduction

One of the most important issues of the present world are climatic
changes caused by the emissions of greenhouse gases, which include:
carbon dioxide (65%), methane (16%), nitrous oxides (6%), fluorinated
gases (2%) carbon dioxide, fluorinated gases (2%).

Carbon dioxide is emitted from industrial processes (54%) and
from land use changes (11%). (EPA 2006 and 2014, Bogner et. Al. 1997,
Patynska 2014, Carana 2015).

Total emission of green house is continuously growing (see Table 1).

Table 1. Total emission of greenhouse gases over period of 1990-2020
(IPCC -2014)
Tabela 1. Caltkowita emisja gazoéw cieplarnianych w latach1990-2020
(IPCC -2014)

Year 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020

Total GHG
emissions
as equilivalent | 1120 | 1205 | 1250 | 1345 | 1460 | 1585 | 1740
OfC02
TgCO,/year

The biggest emitters of CO, in 2015 are: China (28,03%), USA
(15,9%), EU (10%), India (5,81%), Russian Federation (4,79%) and Japan
(3,84%) (Boden et al. 2011). Poland contribution to global CO, emission is
about 1% (www. Statistics/271748/the-largest-emitters-of- CO,).
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Apart from CO,, the second important greenhouse gas is methane.
Its share in greenhouse effect accounts for 16% and its concentration is
rapidly growing — see Figure 1 (Report 2016, Staszewska and Pawtowska
2011, Weitz et al. 2008) .
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Fig. 1. Methane concentration in atmosphere over period of 1750-2010
(EPA 2014)
Rys. 1. Stezenie metanu w atmosferze w latach 1750-2010 (EPA 2014)

Methane is jest emitted to the atmosphere from:
wetlands 217 Tg/year,
ruminates, rice landfills and wastes 200 Tg/year,
fossil fuels and biomass burning: 131 Tg/year,
hydrates and permafrost: 100 Tg/year,
other natural sources (geological, lakes, wildfires, termites etc.):
123 Tg/year (Carana 2015).

In Poland, coal mines constitute the greatest emitter of methane
(Patynska 2014). The second emitter is waste management. Methane is
generated by methanogens in landfills. Mitigation of methane emission
from that source is closely related to municipal waste management which
is major part of environmental engineering (Staszewska and Pawtowska
2011, Bingmer and Cruzen 1987, Biszek et. al. 2006, Bogner et. al. 2008
and Matthews 2003).
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Most of municipal wastes are deposited on landfills, and their
quantity is constantly growing. Depositing waste negatively impacts the
environment. Firstly, it degrades the surface of Earth by preventing large
areas of land from being used. Landfills are a nuisance for the environ-
ment due to the emission of odours. Practically speaking, landfills impact
the surrounding environment in numerous ways. Highly polluted leacha-
tes contaminate surface waters. Emissions of malodorous compounds to
air constitute an even greater nuisance (Staszewska and Pawtowska 2011,
Biszek et al. 2006, Ahmed et. al. 2010, Czepiel et. al. 1996, Methews and
Themelis 2007, Montusiewicz et. al. 2008, Stepniewski and Pawlowska
1996, Zdeb and Pawtowska 2009).

The most sustainable mitigation of methane emission from land-
fill is its recovery for utilization as energy resource. (Ahmedetal et. Al.
2010, Bogner et. al. 1997, IPCC 2014).

However, the landfill gas contains up to 50% of CO, which nega-
tively affect it quality as energy sources. Therefore, removal of CO, from
landfill gases may significantly improve the parameters of biogas recov-
ered, and in such way would allow follow concept of sustainable devel-
opment (Pawtowski 2009, 2013, Udo and Pawlowski 2010).

2. The concept of the process

The proposed method takes advantage of high solubility of CO, in
water. The flowsheet of the process is presented in Figure 2.

A mixture of methane and carbon dioxide (1:1) was used in the
studies. The mixture of gases was pumped under the pressure of 2 atm
through the pipe 1 to the absorbing column 2. Gas enriched with methane
was received with pipe 3 with a built-in outflow regulator. Water with
absorbed CO; was received with pipe 4 including a built-in pump with
regulated flow and transmitted to desorption column 5.

A mixture of methane and carbon dioxide (1:1) was used in the
studies. The mixture of gases was pumped under the pressure of 2 atm
through the pipe 1 to the absorbing column 2. Gas enriched with methane
was received with pipe 3 with a built-in outflow regulator. Water with
absorbed CO; was received with pipe 4 including a built-in pump with
regulated flow and transmitted to desorption column 5.
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Fig. 2. Flowsheet of the process for CO, removal from landfill gas
Rys. 2. Schemat procesu usuwania CO, z gazu sktadowiskowego

»

Carbon dioxide flowed out freely from the desorption column 5 to
the atmosphere through pipe 6. After the removal of carbon dioxide, wa-
ter was pumped back to the absorption column 2 through the pipe 7.
The flow rates of pumps built-in on pipes 4 and 7 were the same.

Preliminary studies were conducted with the use of a mixture of
CH4 and CO;, mixed in 1:1 volume ratio.

The gas mixture was pumped with the flow rate of 1 dm’/min to the
absorption column having the diameter of 6 cm and height of 200 cm. Water
flowed through the absorption column with the rate ranging from 1 to
10 dm’/min. The methane content was determined in the enriched gas.

Initial results were presented in Figure 3. An increasing flow rate
of water, up to 2 dm’/min causes, the increase of methane concentration
in the enriched gas. Total removal of CO; occurred with the flow rate of
above 2 dm’/min.
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Fig. 3. Effect of water flow on methane concentration in treated landfill gas
Rys. 3. Wplyw przeptywu wody na stezenie metanu w oczyszczonym gazie
sktadowiskowym

According to the above-mentioned observations, it seems that the
total removal of CO, from landfill gas is possible with the water flow rate
approximately twice as high as the rate of gas pumping at pressure 2 atm.
Taking into account the increase of carbon dioxide solubility, it should be
expected that the relation of water flow rate through the absorbing col-
umn to the rate of gas pumping will decrease as the pressure grows.

References

Ahmed, S.I., Johar, A., Hashim, H., Mat, R., Lim, S. J., Ngad, N., Ali, A.
(2010). Optimal landfill gas utilization for renewable energy production,
Environmental Progress & Sustainable Energy, 34(1), 289-296.

Bogner, J., Meadows, M., Czepiel, P. (1997). Fluxes of methane between land-
fills and atmosphere: natural and engineered controls, Soil Use and Man-
agement, 13,268-277.

Cole, C.V. et al. (1997). Global estimates of potential mitigation of greenhouse
gas emissions by agriculture, Nutrient Cycling in Agroecosystems, 49(1),
221-228.

Carana, S. (2015). Methane levels Early 2015.



Method for Removal of CO, from Landfill Gas 1023

Czepiel, P., Mosher, B., Crill, P.M., Harries, R.C. (1996). Quantifying the effect
of oxidation on landfill methane emissions, Journal of Geophysical Re-
search: Atmospheres, 101(D11), doi 10.1029/96JD00222.

EPA (2006) Global Anthropogenic Emissions of Non-CO, Greenhouse Gases:
1990-2020 (EPA Report 430-R-06-003), www.epa.gov/climate
change/economics/-international.html.

EPA (2014). Climate change indicators in the United States: Global green-
house emissions. www.epa.gov/climatechange/indicators.

Report (2016). Greenhouse gas emission statistics, Www.ec.europa.eu/eurostat/-
statistics-explained.index.php/greenhouse.

IPCC (2014). Climate change 2014: Mitigation of climate change Working
Group III contribution to the IPCC Fifth Assessment Report. Cambridge,
United Kingdom: Cambridge University Press.
www.ipcc.ch/report/ar5/wg3.

Matthews, E., Themelis, N.J. (2007). Potential for reducing global methane
emissions from landfills. In: Proceedings Sardinia 2007, 11 " nternational
Waste Management and Landfill Symposium, Cagliari, Italy, 1-5 October
2007, 2000-2030.

Montusiewicz, A., Lebiocka, M., Pawtowska M. (2008). Characterization of the
biomethanization proces in selected waste mixtures. Archives of Environ-
mental Protection, 34(3), 49-61.

Patynska, R. (2014). Methodology of estimation of methane emissions from
coal mines in Poland. Studia Geotechnica et Mechanica, 34(1),
doi 10.2478/sgem-2014-0011.

Pawtowska, M., et. al. (2008). Variability of the non-methane volatile organic
compounds (NMVOC) composition in biogas from sorted and unsorted
landfill material. Archives of Environmental Protection, 34(3), 287-298.

Pawtowska, M., Siepak, J. (2006). Enhancement of methanogensis oat munici-
pal landfill site by addition of sewage sludge. Environmental Protection
Engineering, 29(4), 673-679.

Pawtowski, A. (2009). Theoretical aspects of sustainable development concept.
Rocznik Ochrona Srodowiska, 11(2), 985-994.

Pawtowski, A. (2013). Sustainable development and globalization. Problemy
Ekorozwoju/Problems of Sustainable Development, 8(2), 5-16.

Staszewska, E., Pawtowska, M. (2011). Characteristics of emissions from municipal
waste landfills. Environmental Protection Engineering, 37(4), 119-130.

Stepniewski, W., Pawlowska, M., (1996). A possibility to reduce methane emis-
sion from landfills by its oxidation in the soil cover. Chemistry for the Pro-
tection of the Environment 2, Book Series: Environmental Science Re-
search, 51, 76-92.



1024 Justyna Kujawska, Wojciech Cel

Udo, V., Pawlowski, A. (2010). Human progress towards equitable sustainable
development: A philosophical exploration. Problemy Ekorozwoju/ Prob-
lems of Sustainable Development, 5(2), 23-44.

Weitz, M., Coburn, J.B., Salinas, E. (2008). Estimating national landfill me-
thane emissions: an application of the 2006 Intergovernmental panel on
climate change waste model in Panama. Journal Air Waste Management
Association, 58(5), 636-40.

Zdeb, M., Pawlowska, M. (2009). Influence of temperature on microbial re-
moval of hydrogen sulphide from biogas. Rocznik Ochrona Srodowiska,
11(2), 1235-1243.

Sposob usuwania CO, z gazu skladowiskowego

Streszczenie

Scharakteryzowano globalng emisj¢ metanu na tle emisji wszystkich
gazow cieplarnianych. Najbardziej zréwnowazonym sposobem ograniczenia
emisji metanu z wysypisk jest jego wykorzystanie do celow energetycznych.
W celu zwickszenia ciepta spalania gazu wysypiskowego zaproponowano wy-
mywanie ditlenku wegla z gazu sktadowiskowego za pomoca wody. Zapropo-
nowany uktad sktada si¢ z dwoch kolumn: kolumny absorpcyjnej na ktorej ab-
sorbowany jest ditlenek wegla i kolumny desorpcyjnej na ktorej odgazowywany
jest do atmosfery ditlenek wegla.

Wykazano, ze prowadzac sorpcj¢ ditlenku wegla w uktadzie ciaglym,
mozliwe jest usuniecie ditlenku wegla z mieszaniny metanu i ditlenku wegla
(1:1) przy szybkosci przeptywu wody przez kolumng absorpcyjna, pracujaca
pod cisnieniem 2 atm, wynoszaca 2 krotng objetos¢ zatlaczanej mieszaniny
metanu i ditlenku wegla.

Slowa kluczowe:
gaz sktadowiskowy, emisja metanu
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landfill gas, methane emission
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