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Abstract: Municipal wastewater treatment results in the potidn of large quantities of sewage sludge, which

requires proper environmentally accepted managerbefdre final disposal. Sewage sludge is a by-prbdu
of current wastewater treatment technologies. Sevgagdge disposal depends on the sludge treatmettions
used in the wastewater treatment plant (anaerab@embic digestion, drying, etc.). Taking into sioleration
presented given this information, a study conceyrie effects of wastewater treatment processessawdge
sludge drying method on the sewage sludge gasditagjas parameters was performed. Gasification i
a prospective alternative method of sludge thenmtment. For the purpose of experimental invastigs,

a laboratory fixed bed gasifier installation wasigaed and built. Two types of sewage sludge feedsiSS1 and
SS2, were analyzed. Sewage sludge SS1 came fromstawater treatment plant operating in the mechaaitd
biological system while sewage sludge SS2 was aeliein a mechanical, biological and chemical waater
treatment plant with simultaneous phosphorus pitatipn. The sludge produced at the plants wasestitip
fermentation and then, after being dehydratedddriea cylindrical drier on shelves heated up t0°%8%5(sewage
sludge SS1) and using hot air at a temperatur®@fCin a belt drier (sewage SS2). The analysig/shbat the
sewage sludge properties strongly depend on thtewater sources and the wastewater treatment mexethe
gasification results, presented as a function ef dmount of gasification agent, show that the greaxygen
content of SS1 caused a reduction in the reactiopérature. Paradoxically, this effect caused arease in the
quantity of combustible components in the gas. ¥eeted, increasing the air flow rate caused aedeserin the
heating value of the gas produced. A higher amotiokidizer increases the amounts of noncombustpéries
and the volumetric fraction of nitrogen, thus radgahe heating value of the obtained gas. Thedriglydrogen
content in SS1 affects the gasification gas contiposiAs a result, combustible components are thgrity of
the syngas.
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Introduction

In Europe, there have been significant changefddtiman population connected to
wastewater treatment over the last twenty yearsan@és have also occurred in the
treatment techniques used [1]. In northern Europsamtries, where the majority of the
population is connected to wastewater treatmenhtglathe waste treatment process
typically involves three stages: (i) mechanical teamter treatment; (ii) biological
wastewater treatment, which is usually performeda ibiological reactor consisting of an
anaerobic dephosphatation zone, an anaerobic ifleation zone and an aerobic
nitrification zone; and (iii) biological deposit diltration for the final stage [1-4]. This
system effectively removes nitrogen, phosphorus arghnic matter from wastewater.
Sometimes, to achieve a lower concentration of phois in wastewater, a simultaneous
dephosphatation precipitation based on iron or mlum salts (eg) is used. These salts are
added to the aerobic nitrification zone [4]. In $®mun and eastern European countries,
approximately half of the population is connecteatwastewater treatment plant, which is
usually based on two stages: (i) mechanical andbidilogical wastewater treatment [2].
However, the overall increment of the inhabitardarected to wastewater treatment leads
to an increase in the amount of sludge producedTi¢ quantity of sludge production in
Europe [5, 6] varies widely in different countrig@6-94 g/(person-day)). As the population
increases, there is an increase in the producfiaewage sludge. Moreover, final sewage
sludge disposal depends on the sludge treatmehibdgused in the wastewater treatment
plant (anaerobic or aerobic digestion, drying, mhedr utilization, etc.). In European
countries, anaerobic stabilization is more pop(ifa24 countries) than aerobic stabilization
(in 20 countries) [5]. Unfortunately, the most ptgsumethod of final sewage sludge
management is storage. In countries that are téofjically less developed, direct
agricultural application or land filling are thepigal pathways to safely dispose of
stabilized sludge from wastewater treatment plantgountries where policy makers have
practically forbidden such solutiongg( the European Union), only thermal disposal
methods are available. The thermo-chemical cormersf sewage sludge consists of four
main processes: combustion, co-combustion, pylgsid gasification [7]. One of the
promising thermo-chemical conversion technologiest ttan be used to convert sewage
sludge to useful energy forms suited for small ®dmam size throughput is gasification.
Chemical and physical phenomena that occur duhieggisification of sewage sludge are
essentially similar to typical carbonaceous matetieermal decomposition. Through
gasification, sewage sludge can be transformed anwecondary energy carrier, which
creates various possibilities for further use. Theduct gas can be utilized for power
production in combined heat and power (CHP) plathts, production of biofuels through
Fischer Tropsch synthesis, synthetic natural g&G{Sproduction or the production of
basic chemicals, such as dimethyl ether [8]. Treedd/alue of sewage sludge gasification
is connected with a limited amount of dioxin, S&hd NQ formation during the process.
Sulfur is mainly transformed to 8 [9] and N into NH; [10]. Phosphorus is partitioned
into solid residues [11] in gasification. For afltbese reasons, gasification requires smaller
and less expensive gas-cleaning facilities [12].
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Gasification of sewage sludge - main reactions

Gasification is the conversion of solid (or liquigedstock into useful and convenient
gaseous fuel (or chemical feedstock) that can radouto release energy or used for
production of value-added chemicals [13]. A typisalwage sludge gasification process
may include the following steps: (i) drying, (ifpgrmal decomposition or pyrolysis, (iii)
partial combustion of some gases, vapors and dhgr,gasification of decomposition
products. Gasification requires a gasifying mediika steam, air or oxygen to rearrange
the molecular structure of the feedstock in ordecdnvert the solid feedstock into gases or
liquids. The main reactions involved during the ifigation of organic substances are
summarized below [14]:

Boudouard: C+C&-2CO (a)
Water gas (primary): CO+@—CO+H, (b)
Water gas (secondary): C+2Bk—~CO,+2H, (©)
Methanation: C+2k—>CH, (d)
Water gas shift: CO+}0—CO,+H, (e)
Steam reforming: Ci+H,0—~CO+3H, ()
Dry reforming: CH+CO,~2CO+2H, (9)

Gasification has attracted attention as one ofntlost efficient methods for utilizing
biomass as C{&mission has become an important global issue.

Given this information, a study was performed oe #ffects of the wastewater
treatment process and sewage sludge drying methotheo sewage sludge-derived fuel
properties and sludge gasification gas parameters.

Methodology

Dried sewage sludge properties

Two types of sewage sludge feedstock were analf@edage sludge no. 1 (SS1) was
taken from a Polish wastewater treatment plant aijpey a mechanical-biological system,
and sewage sludge no. 2 (SS2) was taken from a amieit-biological-chemical
wastewater treatment plant with phosphorus pretipit. The mechanical-biological
component of both analyzed wastewater treatmemttpblaas similar. They consisted of
commonly used processes: a pump station, a baerscgit chambers, and primary
sedimentation tanks. In both analyzed cases, thedical component of the wastewater
treatment plant used a modified Bradenpho configamawith low load activated sludge.
There is only one difference between the wastewdteatment plants. In the
mechanical-biological-chemical wastewater treatnmant, coagulant PIX-113 containing
iron(lll) sulfate (Kemipol, Poland) was added difgdo the biological reactors to support
chemical precipitation of phosphorus. It should ried that chemical precipitation of
phosphorus also has a strong impact on the decoédise concentration of organic matter
from wastewater. It acts on the calorific valuetiod sludge and will be considered in the
later parts of this work. Wastewater effluent frboth analyzed wastewater treatment plants
fulfilled the Polish regulations, especially the riditer of Environment Regulation
concerning the conditions for sewage sludge beidged to water and soil [15].
Additionally, in both analyzed cases, the sewagelgd was stabilized by anaerobic
digestion and dehydration. The anaerobic digesifewage sludge, a well-developed and
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established technology, produces “green” enerdlieérform of biogas, which is suitable for
CHP (combined heat and power) or CCHP (combined, dwat and power) systems. The
anaerobic digestion process has the incrediblgdtion that it is unable to sufficiently
recover energy from sludge. As a consequence,itfestéd sludge still has the potential for
energy use. Thus, after anaerobic digestion, thage sludge was dried. In case 1 (SS1),
the sewage sludge was dried in a cylindrical duyigh a heated shelf. The temperature of
the hot air was 260°C (high temperature). In ca$832), an air belt dryer was used. The
temperature of the hot air in this case was 1508@ {emperature). As a consequence, in
case 1, the form of the dried sludge was similagramulate (Fig. 1a) and to “noodles”, in
case 2 (Fig. 1b). Anaerobic digestion followed hyimh and gasification can lead to
a sustainable process applicable for high sewagiyslto bioenergy conversion, and the
simultaneously integrated process can potenti@tiuce the amount of solid waste to be
deposited. Such different sludge drying temperataan also affect the calorific value of
sewage sludge.

a)

Fig. 1. Pictures of the analyzed sewage sludg8Sd)and b) SS2

The main element in the sewage sludge was detedmisiag automatic infrared (IR)
analyzers. The heavy metal content in the sludge watermined by absorption
spectroscopy. The moisture content of the sewagigslwas obtained following standard
PN-EN 14774-3:2010 [16]. The sludge volatile cohteras determined according to
standard PN-EN 15402:2011 [17]. The sludge asheotnias obtained using PN-EN
15403:2011 [18]. The High Heating Values were eikpentally measured with
a bomb-calorimeter, and the Low Heating Values weleulated on from the hydrogen
content on a dry basis. Ash behavior and deposigndencies were predicted through the
use of empirical indices for sludge ashes. Slaggimdjfouling indexes: Base to Acid index
(B/A), Sintering Index (Sl), Alkali Index (Al) an@ad Agglomeration Index (BAI) were
calculated from ash chemical composition. Base tmdAindex [19] was calculated
according following equation:

CaO+MgO +K, O+ Na, O+ Fe,O, 1)
SiO, +TiO, +Al O,
Being that: if B/A < 0.75, slagging trend can bgeated.
The following sintering index [17] was calculateztarding to following equation:
- CaO+MgO @)
Na,0+K,O

B/A =

Sl
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Being that: no slagging should be expected at gahieS| > 2, whereas the slagging risk
should be high at Sl < 2.
Alkali index [22] was calculated according to tlildwing equation:
_ Ca0+MgO +K, O+ Na, O+ Fe,O, )
SiO, + Al ,O,
When the Al increases, slagging tendency increases.

For evaluating the risk of bed agglomeration indilzed bed combustion, the following
bed agglomeration index (BAI) [19] was calculatedading to the following equation:

Al

Bal= %05 @)
K,O+ Na,O
Being that: bed agglomeration occurs when BAI < fbllowing [20].

These indices, despite their shortcomings dued@dimplex conditions, which arise in
boilers and their associated heat transfer equipraea widely used and probably remain
the most secure basis for decision making, if iis@®bnjunction with pilot plant testing.

The ash-fusion temperatures, indicator of slagtgnglency in gasification/ combustion
systems, were measured in laboratory in reducimgospphere in accordance with the
microscope-photograph method CEN/TS 15404:2006 [21]

Experimental setup and procedure

The sewage sludge gasification tests were conductedy a fixed bed gasification
facility, which has been described earlier [22]pKotograph of the installation is shown in
Figure 2.

r -

Fig. 2. Experimental stand for sewage sludge gasifin tests

Granulated sewage sludge from the sewage sludgeaicenwas fed into the reactor.
Table 1 shows the operating conditions for all élxperiments. The air excess ratiavas
defined, as typically used in the European Unianthe inverse of the equivalence ratip
ie, the ratio of the actual air to fuel ratio to #teichiometric air to fuel ratio. A fraction of
the gases produced during gasification was firssgd through a condensing system, which
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removed the condensables, followed by a set efilfor particulate removal to allow clean
gas for off-line chromatographic analysis. Gas ofatograph analysis was used to
determine the gas composition in terms of the velyrarcentages of NG,, CO, H, CO,
and CH. The gas compositions were determined by a gasrdiograph (Agilent 6890 N
series) equipped with thermal conductivity detec{@CD) and capillary columns
(30 m x 0.53 mm x 3 um Carbonplot with 30 m x OrB& x 25 pm Molesieve). The oven
temperature was initially maintained at 50°C; agteamin, the temperature was increased at
a rate of 15°C/min until it reached 200°C, wherevds held for 30 min. The detector and
injector temperatures were 250°C and 200°C, reispctThe flow rate of the carrier gas,
helium, was 8.9 cffmin. A GC calibration was performed using a cetifstandard gas.

Table 1
Operating conditions used for sewage sludge gasiic process

Gasification agent Air excess ratid. Gasification agent temperature [K]
0.12; 0.14; 0.16; T1= 298, = 323;

! ! ! T3=373; T,= 423,
0.18; 0.23; 0.27, Te= 473; o= 473:

Atmospheric air

Results and discussion

Physical and chemical properties of sewage sludge

Table 2 summarizes the main physical and chemicggsties of the sewage sludge
used. The ultimate analysis results show that #weage sludge from the mechanical-
biological-chemical wastewater treatment plant wjghosphorus precipitation (SS2)
compared to the sewage sludge from the mecharniciagical wastewater treatment plant
(SS1) is characterized by lower amounts of C, HONF and Cl. This difference is a result
of the chemical precipitation of phosphorus thaswaed in the mechanical-biological-
chemical wastewater treatment (and SS2). In trée,che effect of the drying temperature
was negligible, especially because in the cases@f $he drying temperature was lower than
that of SS1. This feature indicates the lower tytif sludge SS2 in thermal treatment.
Additionally, this feature proves that the in-depthste treatment configuration has a direct
impact on the calorific value (expressed by theeloweating value (LHV) or the higher
heating value (HHV)) of the derived fuel from sewadudge. The LHV (and HHV) of SS2
is lower than that of SS1. Nevertheless, in bothlywed cases, the HHV is lower than
6 MJ/kg, which is the limit value for possible s@easludge storage in a waste landfill
(based on the Polish criteria for the storage @fage sludge in a non-hazardous waste
landfill [22]). It should also be emphasized th&2Sis prepared using a lower drying
temperature than SS1. This feature also signifigaftected the calorific value of the fuel
from sludge.

Although the final effect on wastewater treatment the analyzed cases was
approximately at the same level (unpublished rejsultrong differences were observed in
the heavy metal concentrations between SS1 and IBSthis context, the mechanical-
biological-chemical wastewater treatment plantrefgrable.

By analyzing the presented results, it can alsoliz®rved that the average sizes of the
analyzed sludge are different. The average areasifigle SS2 element is 10 times larger
than that of SS1 due to the addition of precipiitompounds in the wastewater treatment
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stage. An increase in particle size resulted irduction of the effective surface available
for the reaction, which inhibited the transport méss and heat to the thermochemical
process.

Based on the determined ash behavior indexes icaaduded that both of the sludge
analyzed are characterized much less fouling terydand - unfortunately - much higher
slagging and agglomeration tendency.

Table 2
Sewage sludge properties used in the gasificatists t
Symbol of sewage sludge
SS1 SS2
Wastewater treatment plant mechanical- mechanical-biological-
configuration biological chemical
Sludge form granulate noodles
Drying method cylindrical dryer belt dryer
Drying temperature 260°C 150°C
Geometry of sludge
The average area [nfin | 20.00 | 200.00
Proximate analysis [%] (as received)
Moisture 5.30 5.30
Volatile matter 51.00 49.00
Ash 36.50 44.20
Ultimate analysis [%] (dry basis)
C 31.79 27.72
H 4.36 3.81
N 4.88 3.59
O (by difference) 57.07 63.04
Heavy metal contents [mg/kg] (dry basis)
Zn 920.90 991.20
Cu 495.30 183.16
Pb 119.30 59.97
Ni 103.67 18.90
Cr 180.53 584.53
Cd 6.47 3.24
As 4.19 3.94
Hg 0.99 0.96
Se 9.84 1.70
Calorific value [MJ/kg] (on dry basis)
HHV 14.05 11.71
LHV 12.96 10.75
Ash indexes [%]
Bace to acid index (B/A) 1.06 1.19
Sintering index (Sl) 22.85 7.92
Alkali index (Al) 39.93 53.68
Bad agglomeration index (BAl) 6.70 6.46

Sewage sludge gasification process

Table 3 summarizes the sewage sludge gasificaisncgmposition for an air excess
ratio of A = 0.18. The air excess ratio was calculated acogrth the following equation
given the gasification air and sludge ratig,/myq, the minimum amount of air d4;in
required for complete combustion and the moleoutzight of air 1My,
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i= M (5)
mfue| Ijhairmin M air
The gas composition was determined from chromapdgcaanalysis (Fig. 3a, b).
Table 3
Sewage sludge gasification gas compositians @.18)
Symbol of sewage sludge
SS1 SS2
CHa [vol. dry basis %] 0.85 0.77
H; [vol. dry basis %] 5.50 4.50
CO [vol. dry basis %] 21.70 20.00
CQ; [vol. dry basis %] 16.50 18.06
N2 [vol. dry basis %] 55.45 56.67
LHV [MJ/m3]] 3.65 3.28
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Fig. 3. Chromatograms from sewage sludge gasifinati) SS1 and b) SS2+ 0.18)
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As shown in Table 3, the calorific value of the gddained from SS1 is higher than
that from SS2 due to the composition of the sevgggge. The higher values of the main
components (especially C and H) in the SS1 affhet ItHV of the gasification gas.
Additionally, when the particle size increased (S&fticles are much larger than SS1
particles), the apparent density of the sludgeddakl per bed volume) decreased, and the
process tended to combustion, as shown by thedsitrg concentration of carbon dioxide
and nitrogen. This trend is also observed in T&ble

The study also included the effect of the amourgugplied air gasification (expressed
as the air excess ratip on the composition of the gas from gasificatiBigure 4 shows the
evolution of the H, CO, CQ and CH concentrations in the gasification gas with vagyin
air excess ratios for both sludge.

35

30 1

25 1

20 1 r'ad - 3
[ = T~

15 1 ._N ~~:?___;;.

10 A

vol. dry basis, %

0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28

—®—CH4; SS1 —¢—H2,SS1 —&—CO,SS1 —#—CO02, SS1
—® —-CH4,SS2 — & —H2,SS2 — & —CO,SS2 — B -CO2, SS2

Fig. 4. Evolution of the B} CO, CQ and CH concentrations in the gasification gas with vagyair
excess ratios for both sludge

Throughout the range of air excess ratios analyZed 0.12-0.27), the volumetric
fraction of the main combustible components ofghsification gas (CO and,Hare higher
for SS1 (positive aspect) compared to SS2. Conlergee volumetric fraction of carbon
dioxide from the SS2 gasification process is highehe range of air excess ratios analyzed
(negative aspect). The amount of Jblalmost constant for both feedstocks in the eanfy
air excess ratios analyzed. As mentioned above, dffect primarily results from the
composition (as an effect of the wastewater treatroenfiguration) and the particle size of
the sewage sludge (an indirect effect of the dryieghod used).
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Figure 5 shows the evolution of the lower heatirajug of both sewage sludge
feedstock gasification gases. Given the lower hgatalue, LHV, of the gasification gas,
the optimum value of the air excess ratio is 0dt8which LHV has a maximum value
regardless of the sewage sludge type.

S
1

BESs1
gss2

LHV, MJ/m3,
w

N
1

A=0.12 A=0.14 A=0.16 A=0.18 A=0.23 A=0.27

Fig. 5. Evolution of the LHV of the gasificationgwith varying air excess ratios for both sludge

Gasification temperature profile

The temperature profiles in the reactor were meabstry six N-type thermocouples
installed at six points along the vertical axidhuf reactor. The temperatures were measured
at the following distances above the grate,10 mm,T,: 60 mm,Ts: 110 mm,T,: 160 mm,

Ts: 210 mm andlg: 260 mm. Figure 6 shows that the bed temperahaeased gradually
with increments in the air excess ratio, indicatihat the bed temperature distribution was
affected almost monotonically by the variation i tair excess ratio. The increase in the
oxygen concentration with an increase in the ageex ratio shows that the exothermic
reaction was favored in the gasifier.

The temperatures reported in this investigatiortattespond to average temperatures.
Figure 7 shows that air preheating produced arease in the reactor temperature. The high
temperature of the air facilitated the productidraayas with a higher calorific value than
would have been obtained with a “cold” gasifier mgeThe high temperature made it
possible to obtain the same gasification tempegaairlower air excess ratios, thereby
decreasing the volume of producer gas obtainedkadly reducing the size and cost of the
gasification installation and gas cleaning equiptmequired. It should be emphasized that
high temperature air is a low-cost gasificationrdgbat is typically a waste air stream that
would be irretrievably lost if it were not used fgasification. Afterwards, more heat was
released, resulting in an increasing bed temperatur
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—4—T1 =10 mm above the grate =#-T2 =60 mm above the grate
—#=T3 = 110 mm above the grate =>¢=T4 = 160 mm above the grate
=3=T5 = 210 mm above the grate T6 = 260 mm above the grate
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That Figure also shows that the temperaturi atas always the highest temperature in
the reactor; thusl; may have been located in the partial oxidationezevhich would have
been the hottest area in the downdraft fixed besifiga Correspondingly, the other
monitoring sites may have been located as folldwsandTs in the drying zoneT, in the
pyrolysis zoneT, in the oxidation (combustion) zone afdin the ash zone.

Conclusions

According to the results of the experimental wodnaucted on the effect of the
wastewater treatment process and the sewage slddgeg method on the sewage
sludge-derived fuel properties and the sludge igasibn gas parameters, the following
conclusions can be drawn:

1. Sewage sludge from the mechanical-biologicatvibal wastewater treatment plant
with phosphorus precipitation (SS2) is characterizg lower amounts of C, H, N, O, F
and CI compared to the sewage sludge from mecHarimagical wastewater
treatment plant (SS1).

2. The in-depth waste treatment configuration hakrect impact on the calorific value
(expressed by the lower heating value (LHV) ortitgher heating value (HHV)) of the
derived fuel from sewage sludge. The LHV (and HHf)sewage sludge from the
mechanical-biological-chemical wastewater treatmeplant with phosphorus
precipitation is lower than that from the mechakimalogical wastewater treatment
plant.

3. The drying temperature of sewage sludge caubkes calorific value of the
refuse-derived fuel from sludge. The higher theirdrytemperature is, the lower the
LHV.

4. Anincrease in the particle size resulted ie@uction of the effective surface available
for reaction, which inhibited the transport of massl heat to the thermochemical
process.

5. Higher values of the main components (espectalind H) in the sewage sludge from
mechanical-biological wastewater treatment plafécaéd the increase of the LHV of
the gasification gas.

6. When the particle size increased, the apparamity of the sludge (solid fuel per bed
volume) decreased, and the process tended to ctiohushich was observed as
increasing concentrations of carbon dioxide anchgén.

7. Throughout the range of air excess ratios amdlyz = 0.12-0.27), the volumetric
fractions of the main combustible components ofifgasion gas (CO and §)l are
higher in the case of sewage sludge 1 (positiveasfthan SS2.

8. Given the lower heating value, LHV, of the gasifion gas, there is an optimum value
of the air excess ratio equal to 0.18, at whichliH¥ has a maximum value regardless
of the sewage sludge type.

9. The operating conditions of sewage sludge gasifin greatly influence the gasifier
temperature profile and the syngas compositiomibigton.
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WPLYW OCZYSZCZANIA SCIEKOW | SPOSOBU ZAGOSPODAROWANIA
OSADOW SCIEKOWYCH NA PROCES ZGAZOWANIA

Wydziat Inzynierii Srodowiska i Energetyki, Politechnil&aska

Abstrakt: OczyszczanieiciekOw prowadzi do powstawania i ilosci osadéwsciekowych, ktére z punktu
widzeniasrodowiska nal&y bezpiecznie zagospodarawadlos¢ osadéw zaley zaréwno od zastosowanej metody
oczyszczanidgciekéw, jak i sposobu ich zagospodarowania (tlentwsabeztlenowa stabilizacja, suszenie itp.).
Biorac to pod uwag w pracy badano réwnoczee wplyw konfiguracji oczyszczanigciekéw oraz metody
suszenia osadOw na parametry paliwagpagiego otrzymanego z osadéw i sktad gazu powestgp podczas ich
zgazowania. Zgazowanie bowiem jest obecnie pergpaidng i alternatywn metod, zagospodarowania osadéw
sciekowych. Na potrzeby realizacji pracy zostat pggtowany i zbudowany reaktor zgazowania zeero
stalym. Analizie poddano dwa e typy osaddéwiciekowych oznaczone jako SS1 i SS2. Osadkowy SS1
pochodzit z oczyszczalnisciekbw pracujcej w ukladzie mechaniczno-biologicznym, a osad SS2
z oczyszczalni mechaniczno-biologiczno-chemicznej symultanicznym sticaniem fosforu. Powstgie

w oczyszczalniach osady poddawaa@cesowi fermentacji, a naphie po odwodnieniugssuszone w suszarce
cylindrycznej na pétkach podgrzanych do 260°C (os$eigkowy SS1) i przy #yciu gomcego powietrza
o0 temperaturze 150°C w suszarcénmtawej (osad SS2). Na podstawie przeprowadzonyclanbagkazano,
ze wiaciwosci osadéwsciekowych wyranie zalea od rodzaju zastosowanej metody oczyszczaniakow,
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jak réwniez sposobu zagospodarowania osadémiekowych. Rezultaty procesu zgazowania analizoslany
osadéw prezentowane w funkcji §to czynnika zgazowgpego wskazuj, ze wicksza zawart@ tlenu w prébce
SS1 powoduje obpénie temperatury reakcji zgazowania. Paradoksgim@yadzi to do wzrostu ifgi palnych
skladnikow w gazie. Z kolei wzrost #oi strumienia czynnika zgazowigiego prowadzi do obzenia wartéci
opalowej otrzymanego gazu. WWza zawart@ tlenu rosgca wraz ze wzrostem #oi czynnika zgazowgpego
powoduje wzrost niepalnych sktadnikéw w gazie (giéaazotu).

Stowa kluczowe:oczyszczaniesciekbéw, obrobka osadow, wi@wosci osadéw, zgazowanie, wiEwosci
paliwowe, parametry gazu ze zgazowania



