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Abstract.5LVLQJXVHRIUHQHZDEOHHQHUJ\VRXUFHVKDVEURXJKWPDQ\QHZ
FKDOOHQJHVDQGXVHRIPDQ\XQXVXDOHQHUJ\UHVRXUFHV7KHVHUHVRXUFHVDUH
RIWHQRIORZHUTXDOLW\DE\SURGXFWRUVLPSOHZDVWH/DQGILOOJDVLVRQHRI
UHVRXUFHV ZLWK ORZHU TXDOLW\ DQG XQZDQWHG HOHPHQWV DV VXOSKXU
GHULYDWLYHV$IWHUFKHPLFDORUDQRWKHUWUHDWPHQWWKHJDVFDQEHXVHGLQDQ\
EXUQLQJ IDFLOLW\ 7KLV DUWLFOH SUHVHQWV QXPHULFDO PRGHO ZKLFK GHDOV ZLWK
VLPXODWLRQ RI HQULFKPHQW SURFHVV IRU ODQGILOO JDV DQG VXEVHTXHQW XVH LQ
KHDW VRXUFH ZLWK VLPSOH JDV EXUQHU 7KH ILQDO JDV LV VLPXODWHG DV JDV
PL[WXUHZLWKGLIIHUHQWFRPSRQHQWVSRUWLRQV

1 Landfill gas
All substances and objects that we cannot or do not want to use for economic reasons can
be considered waste. According to the Waste Act, waste is a thing that arose during human
activity that the owner wants to get rid of [1]. Waste is generated in every human activity,
in the production and consumer spheres. Their origin and accumulation represents a
significant impact on the environment. Waste contains substances that often endanger
virtually all components of the environment, water, air and soil quality [2]. They penetrate
plants and endanger the health and life of animals and the human population through the
food chain. All waste generated in nature subsequently has a customer. Man-made waste is
becoming an increasing burden on the environment compared to the natural cycle. There is
almost no customer for the waste generated in this way who would be able to further
process and use this waste. Unlike natural waste, man-made waste cannot cope with nature
on its own.
Landfill gas is formed in waste storage places, mostly for long time in duration of
months to years [3]. In proportion to volume, it has a significantly lower calorific value
than natural gas, propane and butane, but twice as large as hydrogen. With a density of
1.2 kg/m3 it is slightly lighter than air, so that flowing landfill gas cannot accumulate on the
floor [4]. Conversely, when climbing mixes very quickly with air, reducing the risk of fire
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or explosion. His combustion produces harmless products: water vapor and carbon dioxide
[5].
In cases where production is so low or gas quality is so poor that it is impossible
existing production is meaningfully used, the gas, as a waste, is only disposed of. As the
most effective way at present seems to be the use of biofilters. This way is in filtering
landfill gas through the layer of compost in which it is exposed methanotrophs and
methylotrophes effectively breaks down methane and some trace elements. Of course, it
makes more sense, if it is only a little possible and effective, produced to use landfill
gas [6]. Compared to reactor biogas, landfill gas is usually lower sulfane content, they are
bound to iron ions during methanogenesis, but mostly also higher content of carbon dioxide
and trace components at the expense of methane. This results in worse properties of the gas
in terms of its use, especially the decrease in calorific value and increase in content
undesirable impurities.

Fig. 1. Landfill gas components (source: Landfill gas energy technologies, Krakow, 2010).

Often the gas must be treated before application, which is, of course, negatively
reflected in the economic evaluation of its use. The composition depends from the
composition of the organic fractions in the waste. In the waste approximately 30 % of
methane is produced, which is very interesting in the energy use. Landfill gases differ
mainly by the variability of the CH4 to CO2 ratio, not only between different landfills, but
also at one landfill at different times. They also differ the type and amount of trace
elements. Of the trace components, oxygen, sulfane, argon, hydrogen halides, nitrous oxide,
ammonia, hydrogen, organic substances are important and organochlorine and silica
compounds. The content of trace components is due to the amount of methane and oxide
carbon dioxide negligible, but their level should be monitored for their negative effects on
the environment as well as for equipment used in the disposal or further use of landfill gas
[6]. Many of Landfill gas trace components are toxic, aggressive, and often very dangerous.
Mostly landfill gases carry hazardous toxic chemicals contained in waste as volatile organic
compounds compounds. Some research shows that landfill gas can even contaminate
groundwater with volatile organic compounds. Our approach is to study low quality landfill
gas enriched with energy dense gases, for example propane or butane.

2 Simulation method
Properties of landfill gas differ in many cases. The efficiency of the biogas plant operation
depends on a stable supply of a suitable input raw material. In practice, manure and slurry
from animal production are most often used, less waste from plant production. It is ideal to
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place a biogas plant in the area of an agricultural cooperative with cattle breeding or in its
vicinity. However, the input substrate should not contain antibiotics used in animal
husbandry, which kill methanogenic bacteria and inhibit biogas production. Biowaste from
households, restaurants or school canteens is a suitable addition to the raw material base for
a biogas plant. Mowed grass, leaves, other biological waste from animal and plant
agricultural production and unused corn silage are also suitable.
The ratio of carbon to nitrogen in the blended feedstock should be in the range of 20: 1
to 40: 1 [7]. Too high a proportion of carbonaceous substances reduces the efficiency of the
fermentation process and biogas production. Too high a proportion of nitrogenous
substances causes increased formation of ammonia (NH4) and odor of the biogas plant.
Therefore, the composition of the materials from which the raw material entering the
fermentation tank is mixed is important [8]. Carbon-rich substances are straw, grass, wood
waste and dried vegetable waste. Raw materials rich in protein (waste from dairy and meat
production) are in turn rich in nitrogen.
The dry matter content of the input raw materials should not fall below 3 %, as the
fermentation would cease to be energy efficient - the biogas plant would consume more
energy for its operation than the usable energy value of the produced biogas.
The environment in the fermenter should be neutral or very slightly alkaline (pH value 7 7.8) [9].
Depending on the consistency of the feedstock, the fermentation can be wet (the feed
substrate has a dry matter content of 4-12 %) or dry (the dry matter content of the feed
substrate is 20-50 %) [10]. These parameters can affect the landfill gas properties, where
the final product can have lower quality as expected [11]. There we assume to enrich the
gas and simulate the burning process. To simulate burning process of enriched landfill gas,
we have used the Matlab software tool. The Simulink works with blocks, interconnected,
with defined parameters, as for example in Figure 2.

Fig. 2.7ZREDVLFSDUWVRISURSRVHG0DWODEVLPXODWLRQ



The simulation was performed using Thermolib library in Matlab environment.
Thermolib assumes ideal liquid and gas mixtures. Therefore, the properties of mixtures are
calculated from the properties of the pure substances by simple summation. One key
component of Thermolib is the equilibrium reactor. It calculates the chemical equilibrium
for a given initial composition and temperature at a given pressure. The thermodynamic
equilibrium is defined by the minimum of the Gibbs free energy. It is assumed that all
products and reactants are in gaseous phase [12]. All concentrations used, are the overall
concentrations of the compounds. If temperature is greater than critical temperature, it is
assumed that there is only vapour phase. Saturation pressure has no meaning in this state
and is simple extrapolation of the Antoine formula beyond the critical temperature [13].
Due to the fact, that we assumed direct gas flow from landfill, the temperature was
considered to be 20 °C and so played no role [14]. After calculating the mixture, caloric
value was estimated. Calculation continued with gas burning and flue gases heated heat
exchanger coupled to the burner, as is shown in next figure.
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Fig. 3. 6LPSOLILHGQXPHULFDOPRGHOLQ0DWODE

The change in final mixture properties resulted in change of gas caloric value, as is
shown in next figure.

Fig. 4.&DORULFYDOXHFKDQJHIRUGLIIHUHQWHQULFKPHQW

3 Conclusions
Landfill gas use is rising, as the subsidiary of renewable resources is rising. This gas has in
many cases not satisfying properties, mainly the caloric value. Also the presence of
unwanted elements, as sulphur, ammonia and other, make it difficult to use this type of
resource [15]. This simulation focused on direct burning of this gas in a gas burner, where
the gas was enriched by simple methane, or petroleum gases. The caloric value was
computed and simulated in Matlab, using Thermolib library. The different enrichment state
showed increment of caloric value. However, the gas was considered to have constant
properties, which has not to be true in real conditions, where the landfill gas composition
changes over the time.
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