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1. Introduction

The biogas coming into existence on landfills oocamt of its compo-
sition isn't indifferent to the environment; themef one should strain for recon-
duction in the controlled waylhe migrating biogas states a considerable risk
for surrounding, because can gather in vacancies as foundations, base-
ments, creating threatening with the explosion, lma@ reason of fires on land-
fills, threaten with poisoning people and animajsabting of the hydrogen sul-
phide content and other poisoning compouisreover a methane and carbon
dioxide emission influences to global characternpineena as the greenhouse
effect. These threats are causing that monitorintamdfill gas emission be-
comes necessary. It is necessary to conduct mmgtarhile the landfill, but
also after its exploitation is finished. Carryifggetmonitoring on requires adopt-
ing some measurement method of the biogas emiddimmever, the selection
of the right method depends on many factors, enghe kind of the landfill, its
size, financial and other availabilities of meafke continuous monitoring of
the landfill at an angle of amount and quality leé £mitted biogas permits for
following up the transformations and taking up tight decisions as for the
way of conducting with the biogas, like also to &waluation of security system
effectiveness as well as estimating the threatafedo surrounding, which is
created by the landfill. The need of the continumspection of landfill gas
emission is resulting not only from desires for axging knowledge about the
threatening, which is connected with the wastea$iapThis control is required
and established by the Government Order of Enviesrismon 2002 year [7].
The directive defining what parameters on what @mapdistances must be
examined. However it isn't specifying, what metisbduld be applied for emis-
sion examinations. The duty of conducting the elmismeasurement concerns
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all organised waste landfills, irrespective of theloitation phase. However it
doesn't announce what are acceptable values dfidigas emission from land-
fill. British standard allow for emission from activedéiis (under the exploi-
tation) on the level of 0.1 mgfrsec, and from closed landfills on the level of
0.001 mg/msec [Internet 3].

2. Characteristics of the landfill biogas and its ppcess
of coming into existence.

The biogas is coming into existence as a resuthefbiodegradable
fraction decay, which contained in waste. This gt@sa long-term and multis-
tage process. In natural processes of the orgaaitentdecay running in condi-
tions of the limited oxygen access, the oxygen aexyben-free phase can be
distinguished. In the initial phase of biochemittahsformations organic com-
ponents of waste are surrendering to the hydrglysidg in the more distant
stage are decayed to organic acids in order torgode transformation to me-
thane and carbon dioxide at the final phase.

The oxygen phase lasts from 3 to 12 weeks all tag t@ run reserves
of oxygen out in the structure. At that time halfbdodegradable substance is
being transformed into the carbon dioxide, whetbasrest part is undergoing
to the exchange into the biomass of micro-organigihe oxygen decay is sup-
plying to waste self-overheating, what increase @maerobic fermentation
process by creating good conditions of the devetoyirfor the anaerobe bacte-
ria, which are mesophile micro-organisms. An anbierphase is a complex
biological process. During the process about tH @5 decayed organic sub-
stances is catabolism decayed to methane and cditaide.

In the first phase of an enzymatic hydrolysis ajdailymers decay is
taking place, which means that in the present #asaproteins, cellulose are
undergoing to the decay with the help of enzymeghvhre being produced by
fermentation bacteria. The products of this proasssimple sugars, amino
acids, aliphatic acids and other compounds as well.

In the further stage higher replaced bacteria arabolically transform-
ing the hydrolysis products decay to volatile fattyds (mainly to acetic, butyr-
ic and propionic acid) ethanol and gaseous prad{ofthydrogen and carbon
dioxide).

The acetate fermentation is next phase of the dagom, during this
process octane bacteria are transforming gaseqsatd acids decay to hy-
drogen, carbon dioxide and acetic acid.

The development of the octane bacteria is deperatintje fragmentary
pressure of hydrogen in the bacterial culture. Tdreycapable to the development
when forming hydrogen is absorbed by bacteria fteermethane groups [8].
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After all the organic waste decay in the landfdirgus is causing their
exchange to:
v/ gaseous products, i.e. landfill gas,
v/ micro-organisms mass,
v' non-gaseous products remaining in reflux or in easass.

In the result of prescribed transformations of argaubstances on the
landfill a quality of the biogas is changing whairmits the chemical evolution
of the landfill for singling out a few phas@sg. 1):

Phase | — aerobic; lasting quite briefly, to theediof reducing oxygen.
The organic matter decomposition is taking plach whe participation of aero
micro-organisms.

Phase Il — acid phase; begins in the moment of exylgpletion. In this
phase anaerobic micro-organisms are decomposingot¢smdbons above all,
creating organic acids, G@nd H.

Phase lll — anaerobic, methanogenic — unstablejesnis the moment
when CH begins to appear at transformation products.

Phase IV — anaerobic, methanogenic — stable; tlthame production
velocity is taking the constant comparatively valwhat is leading to the per-
centage composition stabilization of the landfdkg

Phase V — so-called the "calm" phase (not-empha&iz€ig.1), is cha-
racterized by a gradual methane production decredigbe way to complete of
its disappearance which is ensuing after the vang Iperiod, lasting for even
over 100 years.

The amount and the quality of the biogas transthittem the landfill
are depending on the landfill type (organised, ganized), on existing of the
biogas receipt system and its character, on thdfilamagnitude, the kind of
stored waste (decides about biodegraded factiotentsnand the biodegrada-
tion pace) and from the time which passed fromwhste depositing moment
(determines the chemical evolution phase).

The fate of the ensuing biogas is depending mainlycharacter (the
kind of stored waste, the type of isolation) antdfdl magnitude. The ensued
biogas can be captured by the degassing systemeatigburified in rehabilita-
tion overlap or on the bio-filter, exploited e.g.the destination of the electric
or thermal production of the energy as well as binrtorches. However the
biogas often migrates directly to the atmospheteether these are from the
entire landfills surface area or from the passiggadsing system, becoming the
factor threatening to the purity and the safetthefenvironment.
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3. Estimation methods of biogas emission

Estimation of landfill gas emission is not a metloddts measurement,
but it permits for theoretical estimating the stneaf biogas emission from
landfills. Biogas emission is being estimated tgkihe advantage of the stan-
dard IPCC method (it concerns to methane) or ihadgle method. Then it can
be compared with results obtained on the way @ottlimeasurements.

3.1. Standard method

The developed countries are obliged for the stadiithn of greenhouse
gases emission with the General Convention of dnNations. Among other
things this agreement requires conducting the ediryound register of the
greenhouse gases emission according to guidelihéseolntergovernmental
Panel on Climate Changes — IPCC.

The standard method givéise reliable annual assessment to potential
emission, when massf deposited waste is keeping steady or is changing
slightly during a several decades of years. Therogiermitting condition for
applying this way of calculations relies in so thia morphology of deposited
waste have been changed slightly in the periog@eésl dozen years. If a nota-
ble reduction of bio-degradable carbon in wasteeapd, with the standard
method the methane emission will be determinedadigh potential. Howev-
er appearing of notable reduction of bio-degradabléon in the investigated
duration is possible only in the situation of tlelical change in the waste dis-
posal in thescale of the country.

Potential methane emission according to the stanathod is being
calculating from the following equation:

EmissionCH =[(MSW. IMSW. [L,)- R]((1- OX) [Gg/yr] (1)
L, = MCF [DOCIDOC:. [F Gl—g [GgC/Gg waste] 2
where:

MSW;r — total mass of council waste coming into exiséenathin the
year, [Gg],

MSWE — the part of council waste happening upon lalsdfihe absolute
fraction,

Lo — productivity of generating methane, [GgC/Gg aefte],

MCF - corrective factor for methane, the absoltaetion,
DOC - content of carbon in organic compounds uraeggto decay,
[GgC/Gg of waste],
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DOC: - weights fraction of carbon undergoing to the hmat trans-
formation, the absolute fraction,

F — voluminal fraction of methane in the biogag #bsolute frac-
tion,

R — amount of extracted methane, [Gg/year],

OX  —factor considering oxidizing methane in sailother materials,

which covered waste is, the absolute fraction.

Data about total mass of council waste producethergiven landfill
within the year (MSW), they are getting thanks to statistical data. Mab
council waste taken away to landfills (M$)s calculating deducting from
total mass of produced waste within the year, noiselected or subjected to
neutralizing harmless in the different way.

In accordance with the applying law the amount kinds of stored waste
should be registered. The IPCC method is recommenidi order facilitating
getting of data concerning waste participationsarecumbing the methane ge-
nesis process and of participation of waste decayeaxkygen processgsne
should dividelandfills into four groups and to assign the faaetermining the
methane genesis participation to each of it in degmmsition processes. In ac-
cordance with IPCC the waste landfills are beingddid into the following
groups:

v organized - the value of the corrective factor ¢qua

v disorganized deep-seated, about the larger tham&pth - the value of

the corrective factor equal 0.8,

v disorganized shallow, about the smaller than 5 pitdthe value of the

corrective factor equal 0.4,

v" not-classified, the value of the corrective faequal 0.6.

Accordingly one of two solutions can be acceptedtake an assump-
tion of data deficiency and to judge landfill ondHills as not-classified or else
to classify it on the basis of the possessed indgion.

Solid wastes are making council wastes up from ¢loolsis and the so-
cial infrastructure, e.g. hospitals, enterpriséices. The composition of waste
is diversified and depending on the living leveliatyle. In accordance with
guiding principles of the IPCC, carbon containeddeégradable organic com-
pounds is being appointed for the following of fexaste groups:

A — waste fraction constituting paper and textiles,

B — waste fraction of parks, gardens and otherrocgaaste except for food,
C — waste fraction of food,

D — waste fraction of waste constituting wood oast
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On the basis of the masses of individual fractibmswledge, the car-
bon value is being calculated in organic compounu$ergoing to decomposi-
tion:

DOC=04[A+017[B+ 015[C+ 03[D [GgC/Gg waste] [3]

where:
A, B, C, D —content of individual fractiongveight %].

The DOG factor is an assessment of the carbon amount hvihialti-
mately biodegraded and liberated from landfillsSC@ guidelines are recom-
mending default factor value of DOCF equal 0.77s lhecessary to accept this
value on account of literature data deficiency eoning the problem.

Fraction of amount of the methane contained infilmghs can assume
values from 0.4 to 0.6. According to IPCC recomnaiuths the molar fraction
(F) is entertaining one another as value equal 0.5.

Determining the value of extracted methane one Idhknow the vo-
lume of the biogas used at energy purposes, naktthve help of the minor
methane fraction in landfill gas a value of extegicmethane is being deter-
mined.

Methane can became oxidized to £during its migration through the
oxygen-rich layers, which are situated closelyht® surface area. The exother-
mic course of oxidizing the methane is undergoimanks to the presence of
methanotrophs bacteria. The oxygenation procesausing that the value of
molar ratio of methane to carbon dioxide is dedrgasn the biogas migrating
beyond the landfill area. Researches are proviagdh organised landfills the
rank of oxygenation is higher than on disorganileetifills. Default value of
this factor according to IPCC guidelines amountseab. This method was de-
scribed in detail by both: [1] and [4, 5].

3.2.Triangular method

This method confirms that assessing emission degpgndn time,
matches true model of degradation process in the. tBe going to define bio-
gas emission on the basis of this method one shwawed data concerning waste
amount and its composition, as well as storingn@pkes applied on the given
landfill of around a few decades.

Biogas emission is presented in the triangle's f(ifig. 1), where the
surface area of the triangle is equivalent to arhairbiogas being liberated
from each ton of deposited wastes in the entirmgaf the chemical activity.

The assumption is taken in this method, which shg$ degradation
process is running for two stages. The first stagivided also in two phases.
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The first stage is starting after the year from lieginning of deposi-
tion, since then the scale of gas production afiéseasing and the increase is
staying to the 6th year. Next, the second stageiigy begun, in the time period
when the gas production is going down and fadirtcaéter several dozen years.

The "h" point is the emission peak value. In eaa$ecthe biogas emis-
sion is being calculated, knowing the volume of gad the time, which passed
since starting depositing [4,.5]
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Fig. 2. Triangular graph showing the biogas productiortesitaparticular years of the
biochemical evolution of the landfill [4, 5]

Rys. 2.Tréjkatny wykres przedstawiggy wielkas¢ produkciji biogazu
w poszczegolnych latach ewolucji biochemicznejdttsiska [4, 5]

4. Review measurement methods of biogas emission.

One perfect method which allows determining biogasssion from
waste landfills precisely does not exist. Howevdew methods exist, which
were probed in the different conditions. Some eftrare being used for assess-
ing biogas emission from small areas, while otlenyts to judge the emission
from large surface area, e.g. from the entire iéindhe first group of methods
represents: chamber method, method of subsurfatiealggradient of the con-
centration; counts among the second group of msthaicrometeorological
methods, the isotope ratio technigue, the tracénadeand the IR spectroscopy.
In the further part of the paper above methodpesented and characterised.

4.1. Chamber technique
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The measurement method using chambers is based acqaaintance
of air volume, where the increase of the landféisgconcentration passing
across the familiar surface area of soil pile inp@bserved in the definite time
[2]. The surface area over which the chamber isgoplaced, isn't usually larg-
er than 1r however the minimum time for the sample colletii® taking the
less than 1 hour out [Internet 1].

The chambers applied for measuring biogas emidsion landfills are
divided to static and dynamic chambéFke static chambers are filled up with
familiar air volume, in which the change of the maed gas concentration is
being measured from 4 till 6 times in the shortadion, usually from 30 min.
till a few hours (Fig. 3a)The gas flow is caused mainly by diffusion, therefo
when a steady-state is setting between the gasotraton in a chamber and
concentration in pores of material covering thedfdin the net emission is
going down to zero.

The quantity of gas flow in static chambers caméined applying the
formula:

_V fde .
Q= AtédtJ [mg/nf-s] (4)
where:

Q - gas flow [mg/ms],

V - chamber volume [fh

A —field of chamber base fin
dc/dt — gas concentration flux over time [md/sh

In dynamic chambers a familiar air volume is flogithrough the
chamber (Fig.3b). The concentration of gas in thésabeing measured up be-
fore and behind the chamber, however the emissatuevis being calculated
from the difference of the concentration and tlogvflThe gas flow assures that
air is mixing up inside the chamber. The quantitytree gas flow on the en-
trance and on the exit should be defined preciggfferences of the pressure in
different parts of the chamber system can havénfheence on the flow magni-
tude of the gas being researched.

The chamber technique has noteworthy advantagesrircular its low
cost, the possibility of using for assessing erissif many gasses and the op-
tion of applying chambers in the different condisdoy the right adapting their
volume[2]. Chambers are being exploiting for the measemnof the biogas
emission from council waste landfills as well as thee measurement of emis-
sion from boggy lands, contaminated areas or frerqus waste landfills. The

Tom 8. Rok 2006 35




Magdalena Biszek, Malgorzata Pawtowska, Jacek Czerwinski

chamber technique of biogas emission measuremepérimitting to get the
information concerning factors having the influermcethe gas flow; the infor-
mation of among others humidity of soil pile anddéll structure.

The main fault of this method constitutes its labimbensity and the re-
sults strong dependence on the temperature fliDefgciency in right isolation
in the coincidence of static chambers is causiggifitant temperature fluxes
of chamber interior. The temperature flux at raofj&0 °C can lead for decreas-
ing the gas volume for 3 - 4%, what in a row isuahcing for concentration of
individual compounds of the biogas. The labourrisiy of the method is re-
sulting from necessity of performing series of nugasients in many points of
the landfill in the little temporary compartmemtgrnet 1].

input
—

output

landfill surface

seal

Fig. 3. Chamber methods: a) static chamber b) dynamic bham
Rys. 3.Metody komor pomiarowych: a) komora statycznadrhkra dynamiczna

4.2. Sub-surface vertical gradient method

This method was described by Rolston in 1986, antased on the
Fick's Law of Diffusion. In order to apply this rhed at defining the landfill
gas emission magnitude, one should know the vdlga®diffusion rate in the
soil and the gas concentration gradient in soilie gas emission is calculated
using formula:

F=-D, Eéd—cj [g/r‘r12-s] (5)
dx

where:

36 ————— Srodkowo-Pomorskie Towarzystwo Naukowe Ochifiogowiska



Evaluation Of Measurement Methods And Estimation Of Biogas Emission...

D, — gas diffusion coefficient in soil [ifs],

dc — gas concentration difference within vertidatahce x [g/m,
dx — depth difference [m],

F — gas emission velocity [gfrs].

The gas concentration gradient is measured by ripipi soil the mea-
surement probes containing one or a few holes, lighngaseous samples are
being taken up on different depths of probed peofil

The subsurface vertical gradient method, evenishat easy and cheap
method, wasn't extensively described in any litegat Compared with the
chamber method, permits to estimate the spot emnigsily, as it is main disad-
vantage of this method. Application of this metlgides larger values of gas
emission than in case of applying other methdidsan be caused by oxygen
diffusion into soil top-layers covering waste. Flbwan be also over measured,
if analysed gas was partly oxidized, during its maign through soil pile,
which concerns methane in the particuldre next disadvantage of this method
is fact, that only diffusion is accounted to comsation. Differences of the pres-
sure and temperatures which are also provokingjaiseflow aren't being taken
into consideration

4.3. Micrometeorological methods

These methods are being applied for indicatingfigasgs above the sur-
face area of researched object. They are basdweassumption, that gas emis-
sion is being measured in the low-lying layer af Himosphere named planeta-
ry boundary layer - PLB. These methods are beiqgiedh when soil pile is
homogeneous and biogas flow is steady in time. HbB thickness differs in
time, it is caused by heating and cooling procedsesgraphical survey, winds
and other atmospheric factors (Fig. 4).

Different variants of this method are known:

Above — ground gradient technique

The vertical flow of landfill gas in atmospheria & being calculated
with the aid of data concerning the gas gradietihéatmosphere and its diffu-
sion rate. Main disadvantage of this techniqueifiscdlty of estimating rate
diffusion, various for individual biogas componemhe limitation of applying
this method is also fact, that the topography tzfra, where the measurements
are being taken should be homogeneous
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measurement tower __

biogas emission

landfill surface

Fig. 4. Scheme of the micrometeorological measurementadetbsearch stand
Rys. 4.Schemat stanowiska badaetod, mikrometeorologiczag

Eddy Correlation technique

A dominating mechanism in gas transport above tilesarface area is
a turbulent wind movement. Deliberating to use théthod for biogas emission
measurement from landfills one should know two peaters. First from them
is the vertical wind velocity and the other is #ragas concentration above ap-
propriately large area.

Gas emission is calculated in accordance with guaton below:

F=W, - G[m¥n’s] (6)

where:
W, — vertical wind velocity [m/s],
C, — concentration of trace gas above the landfillasie area [fim?),
F — magnitude of biogas emission’[n?-s].

The main advantage of this technique is that eoniskom large area a
can be estimated, e.g. from the entire landfilie method is automated process;
therefore it is also used for research on emisditiarences in time (periodic
emission). The disadvantage of the rotary cor@tatechnique is that it re-
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quires very complicated and expensive equipmentebier the lay of the land
that research is carried out should be flat [2]

4.4. Isotopic fractionation

This technique is a variety of the model additieahnique. It is based
on the measurement of isotope ratio. A substanicg laelded is known amount
of compound, which is different from analysed iotigic composition only.
During the organic compounds contents are indicasdt is in the case of me-
thane; the appropriately isotope marked analogrteega@plied, concluding very
(l)zften deuterium (heavy hydrogen) atoms insteadydfdgen or°C instead of

C.

The isotopic composition of methane is variable dadendent on its
origin. Methane originating from the microbiolodickecay of organic matter in
anaerobic conditions is enriched witfC, however contains low amounts of
¥C. It was also proven that bacteria are oxidiZif@ faster thart°C, what in
conseguence is causing that methane migrating Waste landfills is enriched
in*3C, while the oxidation processes occurs in top#aye

The measurement of isotopic methane compositidhdsmeasurement
alone in just of its emission. It can be a baseefoission calculations, although
attempts to apply this technique for estimatingssmon of methane emission
were conducted using carbon stable isotopes irr todestimate participation of
different methane sources in its annual global simmsinto the atmosphere.
This technique of indicating methane emission aspttincipal biogas compo-
nent can be helpful in explaining methanotrophegsees of methanogenesis as
well as in the estimation of global emission ofsthelation from all sorts’
sources. However it is not distributed and appli@ethe broad scale.

The advantage is a great precision of this teclmnighe issues such as
high expense, the limited availability of isotopiarked models and high ex-
ploitation of apparatus being used, are relatedhgniisadvantages.

4.5. Tracer method

Tracer measurement method of biogas emission m@liesleasing neu-
tral gas, most often in SF6, from points placechgl@ne line in direction
against the wind. When released neutral gas is miekd up with the emitted
biogas creating the so-called cloud, value of #rafill gas emission can be
traced. The emission of individual biogas compousdsalculated from gasses
proportion in the cloud, knowing the volume of igpated gas:
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C
Qs = Qq C—G [/h] 7)
SR,

where:
Qs — magnitude of trace gas flow i),

Qg — magnitude of SFlow [m¥h],

C, - measured concentration of trace ga¥rrj,

CS,:6 — measured concentration of sulphur fluoride hex&t)
[m¥m?).

Concentration of trace gas and sulphur fluorideahexare being meas-
ured with the aid of the gaseous chromatograplyy,tee methane concentra-
tion can be determined by the flame-ionizing dete¢fID), however the sul-
phur fluoride hexane concentration can determinethb electron capture de-
tector (ECD).

The alternative in using $ks applying NO as neutral gas. Nitrous
oxide was applied as gas for indicating methanesgion from landfills in
Sweden by Galle in 1999 [2].

The advantage is less expensive of tracer mettawdrtiicrometeorologi-
cal method. It permits to estimate emission fronalsources e.g. lagoons. The
main disadvantage is that3tas influence on deepening the greenhouse effect.

4.6. Infrared spectroscopy - IR

Infrared spectroscopy (IR a simple and easy in applying measure-
ment method of the gas flow. Spectral methods pgeomndicate the concentra-
tion of different gasses, e.g. GHCO,, CO, they are the methods based on the
infrared adsorption. Certain value of the infratmthdle is emitted from the
source to the detector. The detector is measun@gntrared light intensity and
then is calculating radiation losses and differendde measuring procedure is
repeated several times in different distances dieoto get more precise results.
The infrared spectroscopy method is not a veryiblednethod. In order to
estimate the gas flow one should relate the meamureresults to results ob-
tained in laboratory conditions and juxtapose iacsg tables. In these tables is
presented indicated bundle intensity for known,Q@dncentrations (e.g. the
50%, the 55%, the 60%, the 65%) measured withithefahe same spectrome-
ter, as well as for atmospheric air measured ifewdint distances from the emis-
sion source [2].
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Then results obtained directly from landfill measuents are being com-
pared with results obtained in laboratory condgiomhe infrared spectroscopy
method can be used as the verification of the tesbitained with the aid of ap-
plying other methods. The disadvantage is stropgigence of obtained results
on atmospheric factors such as humidity of airgatsheric falls and wind.

The variety of IR spectroscopy is FTIR spectrosceqiych improves
its selectivity. The principle for using the FTIRestroscopy requires decompo-
sition of infrared light on to two light beams witiie use of Michaelis's diadel-
phous interferometer. When the light beams areyiated in the infrared detec-
tor, interference is causing the modulated sigrfativamong these beams is a
function of the optical way difference. In the FT$Rectroscopy the adsorption
in the infrared of individual gasses permits tced@ine their concentration.

The FTIR spectroscopy is coming to spacious dityepmioblem by fus-
ing entire flow area. This method is frequently s for determining methane
emission from the entire landfill. However thishaijue is limited by costs.

5. Conclusions

Analysing the mixed blessing, of each characterinedsurements me-
thod of landfill gas emission, considering econofaictors and the availability
of given technique, a chamber method is an optimgthod. It is cheap and can
be applied on large surface areas e.g. on theedatidfill. Thanks to the avail-
ability of chambers about the different volumesthiethod can be conducted in
the different conditions. Uneven lie of the lantiargeability of atmosphere
conditions does not exclude the option for using thethod, however this fac-
tors permits for getting the information concernitsginfluence on the emission
magnitude The static and dynamic chamber technique is usaeisally. The
chamber technique was applied by inter alia JagePetersen in 1985 in order
to determine biogas emission from landfills in Ganyas well as Borjessonaka
and Svensson in 1999 in Sweden [Internet 2]

The FTIR spectroscopy is the second of recommenugtods. In spite
of this method is much more expensive than the blearmethod, gives more
credible results.

References

1. Baranski A.: Methane emisision from landfill$rotection of environment and
natural resources, no. 25/26, 2003.

2. Fisher C., Maurice C., Lagerkvist A.: Gas Emission from Landfills — An overview
of issues and research nee@wedish Environmental Protection Agency, Stock-
holm, 1999.

Tom 8. Rok 2006 41




Magdalena Biszek, Malgorzata Pawtowska, Jacek Czerwinski

3. Hoeks J.: Significance of biogas production in waste tipggaste Manageme&
Researchl, 1983. 323+335.

4. Kumar S., Gaikwad S.A., Shekdar A.V., Kshirsagar FS., Singh R.N.:Estima-
tion method for national methane emission fromdsedaste landfills Atmospheric
Environment 38, 2004. 3481+3487.

5. Kumar S., Mondal A.N., Gaikwad S.A., Sukumar Devota, Singh N.R.:Qualit-
ative assessment of methane emission inventoryrfranicipal solid waste dispos-
al sites: a case studptmospheric Environment 38, 2004, 4921+4929.

6. Smith K.A., Bogner J.: Measurement and Modeling of Methane Fluxes from
Landfills. IGA Ctivites, Newsletter No. 10, 1997.

7. The order established by the Minister of Environtsem ' December 2002 in the
matter of the scope / time / way / and the cond#ifor monitoring on waste land-
fills; Journal of Law, no. 220, position 1858

8. Zygadio M.: Municipal waste managemerfublication of Kielce University of
Technology, 2002.

Internet

1. http://www.ima.kth.se/Im/3c1350/Text/Grp9.docinvestigation of standard me-
thods for analysis of methane emission from lalsgfil

2. http://lwww.tema.liu.se/people/gunbo/Waste2000 -j&son G., Galle B., Samu-
elsson J., Svensson B.Hethane emissions from landfills: options for measu
ment and control,

3 http://environment-agency.gov.uk/commondata/aartfg_surface_emissions_030
3.pdf -Guidance on monitoring landfill gas surface emissio

Ocena metod pomiaru i szacowania emisji biogazu ze
skltadowisk odpadéw

Streszczenie

Ocena tadunku zanieczyszézgazowych dostagych st do atmosfery ze
sktadowisk odpadow zawieegjych frakcg organicza dokonywana by moze na pod-
stawie rzeczywistych pomiaréw szylko emisji lub na podstawie oszacawteore-
tycznych, przy przyciu pewnych zatzen. Obie metody nieasniezawodne. Przggie
usrednionych wartéci parametrow stosowanych w oszacowaniach teoneypte po-
ciaga za sob bledy. Zmiennd¢ emisji biogazu w czasie i w przestrzeni oraz ngae
natas¢ metod jej pomiaru, sprawiae wyniki map charakter chwilowy lubasniedo-
ktadne, a obliczenia ikei biogazu dostapego g do atmosfery w dlugim czasie s
rowniez obarczone ledem. Dokladn& pomiaru, ché nie eliminuje btdéw to jednak
znacaco je redukuje. Przgfa metoda nie pozostaje a@i bez wplywu na uzyskany
wynik koncowy obliczé. Wybor wigciwej pod wzgédem doktadnéci metody jest
waznym krokiem w ocenie oddziatywania sktadowiska taasfee. Nie zawsze jed-
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nak dokfadnéci jest najwaniejszym kryterium wyboru metody. €#o przewag nad
nim map wzgledy ekonomiczne. W pracy przedstawiono przeglocer najwaniej-
szych metod pomiaru emisji biogazu (lub tylko mefezre sktadowisk odpadow.

Estymacja emisji gazu skladowiskowego nie jest ohgjego pomiaru, ale po-
zwala na teoretyczne oszacowanie strumienia emisgazu z sktadowisk odpadow.
Emisja biogazu jest szacowana przy wykorzystarandsrdowej metody IPCC (doty-
czy metanu) albo metadréjkata. P@nie maze to by poréwnane z rezultatami uzyska-
nymi na drodze bezgednich pomiaréw.

Kraje rozwinite s zobowizane do stabilizacji emisji gazéw cieplarnianych za
Konwencp Generala Narodow Zjednoczonych. Milzy innymi ta umowa wymaga
prowadzenie catorocznego rejestru emisji gazéwlaia@nych zgodnie z zaleceniami
Miedzyrzadowego Panelu nt. Zmian Klimatu — IPCC.

Metoda standardowa daje niezawgairoczm ocer potencjalnej emisji gdy
masa zdeponowanych odpaddw jest stata lub zmigaimisznacznie podczas kilku
dzieskcioleci.

Tréjkatna metoda potwierdzae oceniajc emisg zalezna od czasu, pasuje do
prawdziwego model procesu degradacji w czasie. @aapc definiowa emisg bio-
gazu na podstawie z tej metody, powinng dysponowdé danymi dotyczcymi ilosci
odpaddw i ich skladu, jak rowriemetody skladowania na danym sktadowisku odpa-
déw z okoto kilku dziesicioleci.

Jedna doskonata metoda, ktéra pozwala doktadnieslokemisg biogazu ze
sktadowiska odpaddw nie istnieje. Jakkolwiek, ispikilka metod, ktére zostaty prze-
testowane w rinych warunkach. Niektore z nich szywane do oceny emisji biogazu
z matych obszardéw, podczas gdy inne pozwad&jesli¢ emisg z duzych powierzchni,
np. z catego sktadowiska odpadéw. Pierwsza grup@mdn®: metoda komor, metoda
podpowierzchniowego pionowego gradientezshia; wirdd drugiej grupy metodas
metody mikro-meteorologiczne, metoda izotopowa,oa@twskanikowa i spektrosko-
pia IR.

Metoda pomiaru korzystga z komér opiera sina znajoméci objetosci po-
wietrza, gdzie wzrost stenia gazu skltadowikowego przechaecdzgo przez znajome
pole powierzchni gleby jest obserwowane przez déng czas.

Metoda podpowierzchniowego pionowego gradientuatasipisana przez Rol-
stona w 1986 i opieragsna prawie dyfuzji Ficka. Aby stosowd metod; przy okre-
$laniu rozmiar emisji gazu skladowiskowego, trzelpaczwartas¢ predkosci dyfuzji
gazu w glebie i gradientestenia gazu w powietrzu w glebie. Emisja gazu jeditebna
na podstawie wzoru.

Metody mikro-meteorologicznyasstosowane dla oznaczania przeptywow ga-
z6w nad powierzchaibadanego obiektu.

Izotopowe frakcjonowanie jest odmiana metody moaeldytywnego. Opiera
sig ona na pomiarze stosunku izotopu.

Spektroskopia w podczerwieni (IR) to prosty i tatwystosowaniu sposéb po-
miaru przeptywu gazu. Metody widmowe pozwalagnaczy sktzenie ré&nych gazow,
np. CH, CO,, CO. $ metodami opartymi na adsorpcji podczerwieni.
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