AIUNICTPAL SOLID WASTE CONVERSION TO ENERGY

AND DERIVED CHEMICALS USING PYROLYSIS

Mukammad Abdul-Qdir, M A Olutoye*, D.O. Asbajelola, 0.D. Adenivi
P i

Depuastncnd of Chomical Engmdsting, Falaml Uity of Tatlnokagy, Minms, Migs Siele, Migena

Thas netsarch weark on munsipal sl wasie cormerson I ceegy ol Serival chemaals w
ad mvedsgalal ming pyrelyizs The vasiables such oo lime anl losperabre were wed 1o de
Eeirrmng Lhe highes bac-cil yackls. Show jryncly i was adopied in b drop ype dicmical viga
iaf depesilon (VDN pyealyssr given e highest bae-oil yaelds of 307 530 Heet. a 5005 fiar 3
0 prem. The bae-oil peopertess (THMS-0N a1 vasio Emperaioes were cwaluaiad Carban, b
pilrogen, Mitngen and e vales wiess observal 10 incnaiead i Lhe lcmperaluies mds
casss, havag highes values ol %00 T with @ sasliden declmed a1 550 5 While anygen, wal
ef conlemls, deraties and pH values Soirescess i lhe Empemiere intnssal, wilh lreen val
iacs orblsmed al SO0 N and dlewp moncass al 5509, Henes, et degross ol de-caly pomaiatn
wad clvieved I morcised a6 lhe lemperaluss iniecsies wilh 2025 %wn o 500 % gnd deor
ciwed @ 550 °C The fesults ol FTIR -uh:i.l-:l'ﬂl:'l:-:-dllpudn::.lu!llll:l!'. il sle fan
clional groupe such il glanss, slocncd, sminsy, lormi ol vy e and arcomlic el withh

Erpwards: Prrafjsis, Blead, Derid chemicad, Energy

malukrps g e minm elo ag

oL sl | A I A
VEDCIHFRIHCALS TSIFG FVRDL Y 95 Seendieabds Tk Fevircamearn ad Ol chisgs, Tha chalang
o Pt 201 Devallepareat Agarsta Sohesd o Erviessrsarad Tachnodogs Condfamras ST, S0

215



INTRODUCTION

Back mn ages, the amoumts of waste penerated by lumans were msigmificant doe tw
low population density and low secietal level of natural resource enploitation. Commaon
wastes procaced ar these fimes wers ashes and human beodegradabls waste, and these
were senf back o the sround locally o with mininmm aviroomental vpact,
Bosner & ai, /3007) ad Abson o a., /20010 However, with the onoset
nfmﬂmalmumﬂﬂaﬂmeﬂﬁmgmﬁihrg&pmﬂaﬁm:mﬂﬁhﬂd@
of waste in the cides caused a mpid deterioration in the levels of sanitation and sensral
qualsty of urban 1ife. Bognerar i, (2007) and Alison e al, (2001). These snormous increase
mﬂmﬂ@mﬂma&mﬁﬂﬂt&pﬁmﬂﬂhmﬁﬂeﬁxﬁmgmﬂ
arvironmers and health calls for a need to better waste methods
I ‘which the. tratment and handling Fan Jead o sl dispostl Claang and ealther
arironment with sustamable wse of the earth's resources, Salman (20090, Also couple with
the demand for fusl and vanens chemscals increasimg day by day, the country has besn
spendinz kot on refining petroleum and related products putting pressure on the conventional
soumces of enerpy which have been depletins at an alarmng mate and benes the foons on
altemative renswable source of ensrgy. As a result of these twin reasons, hiomass a a

renewable energy source has coofimoed to attract more attenison and a lot of research in thes
area is in progress using different solid beomass as the feed material | Islam g al, (20107,
Neadless o say, ourdapal solid waste (MW 15 2 common waste manasement problam
with momass obtained fom amy city arsa of all ower the world as well as inigeria. Althoush
for mamy years, opposition to the wse of M5W 25 an energy resource has been mearky
unrversal amons actvests and resualators. This opposition bas been largely based on bad
experiences with Taditonal garbage incmertion faches, which are assocated with high
levels of tordc emizsions, a5 well as the percephion that nsme M5 for ensrzy will compete
mﬂlra:'l-'r_hngafﬁrﬁ Briam and Fostin, (2009 B‘Ltﬁ:agrmnnfﬂlmate.mg} and
amvironmerntal concerms, coupled with technological developments and resolatary changes
]mmm:ﬂadam mamh{'i'ﬂ.- s an ensrEy source with the poteniial to provide
renewahle enerey while reducing preenheuse gas emissions and the reed for landfill space,
Brian and Tustin, (2009). Thus, pyrolysis may be considered a5 a promésing opton for
respurce recovery fom MSW combined with ARM catalyvst, which is ammdandly available
to produce quality bio-ails. It is therefore, a preat potential in corverting selid wastes which
are very difficult and costly to manage info foels and chemicals, reducng waste management
cost. Drae to the kow confents of sulphur and nitrogen whilizabon of the derved energy, o
does not add sulphur dioedds nirogen oxides and no net carbondicside. which ars
preenhmise gases to the atmosphenc emvironment, i contrast to fossil fosls, Ani and Islam,
(1997, These also addressed am econonvcal and ecological solobon of transforming
abandant naturally avadlable materials into somethins usefial to hmansty. Considenme the
above advantages, thos research wodk was underfaken to produce renewable energy and
derivabls chermicals from MSW using pyralysis. According to daily assessment report of
Miger State Emvironmental Protection Agency (INISEPA) 300 to 400 toms of MSW are
pemerated daily on an average from Mmna metropolitan area, this &5 a preat potential for
renswable ensrsy comversion and derived chemicals. Althoush these waste are mostly
mixhares of substances whose constients widely vary oo lecation. Thus sorming is required

o classify them mio sroups and their composition much as orzamic food wastes, papers,
broken placses and ceramics, metals, plastics, rabber and leather, textilec, wood, vard wastes,
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e.tc The organic solid wastes that are Hgnocellulosic biomass were the fargst mw materials
in this shady.

EESEARCH METHOD

21 Feedwock prepararion

The MSW used m this stody was obfained fom Eanpalla dmp site of MNiger state

mw%ﬁmﬁ] The site covers about 20 hertares of lowland
ar=a of Zanzeru road. headquarter of Bosso local povernment

!IE!.-DfHLgE.’E-IIEEEll!]lTLH:’EH"“- and longsfude 1087 5. The heterogeneons michre of
the wastes were sortad and separated out. The residues which wers limnocelinlosic material
(papers, wood, yard trim and food wastes) were taken as the foedstock as showm in fizure 2
Prior to pyrolyss, some of the wastes were shredded while others passed through a high
speed rotary anting mall and then sieved to obtained the required particle size of 1.75 nm
then dried to 10 wt %5 moistare in an electic oven for 24 hes at 105 °C. The proximacs
amabysis of MSW was performed to measure the moishure confent, acsh content, fxad carbon
contents and volatile matter nsimg the TGA method. The ultimags analysis were also camy
out nsmg Lisbiz's, Ejeldahl's and TGA method of elemental analysis fo determines
propemies of M5W and bio-otls which mainly consist of CHINS, whils oxyzen confents was
determyine using calculaton differsnce a5 shown m Eq. (1)

0= 100 - (Chemt. - Hiomt. - Nt — 5%mt.) {0}

The high heating vakoe (HHV) of M5W and bic-oils was caloulaied from the elemendal and
ash amahysis based on Channiwala and Parikh's foromila, Lim & o, (2014) as shown mEq.
() below.

HHV = 03491 C+ 1. 1783H-10540-0. 01 51N+ 10055002114 {3

Thms, from the elemental campositions of MSW OC and H'C ratos are to be caloulated
The FTIF. analysis was performed oo bio-oil yislds af punimwm operating temperatare.

2.1 Pyrolysis experiment
221, Apparans

Figmes 1 below shows the schematic diagram of a batch fype vaomm punp reactor called
carbon vapour depoesitor (CVD) wsed to camy out the pon-catalytic and catalyvtsc slow
pymalysis of MSW for this stady. The experimenial setup consists of a cylindrical reactor
made up of horizontal Slass (horax) tube fumace with length-1010mm, interral diameter-
60mm and outer diameter-53mm. The pyrolyvzer was metalled in an electric heater and was
imsulated to enable the heating capacity of the reactor reached 1200 °C. The reacior was
equipped with a beomass bolder (cubit) and connected to both vacoam and oifregen source.
To recard the prrolysis tenperature, a E-type themmocouple was inserted imsids the
pralyzer. The pyrolyzer was comnectad to ice-rap mmersed in ice-water bath to condense
the prrolysis vapours af -5 °C. The outlet of the icetmp was connected with the ms
sampling bag to callect the non-condensables gases.
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222 Procedure

Show pyrolysis was adopted in all the experiments. 20 of MEW was loaded into the cabét
and fixed into the reacior. A vaomim pomp was sef 0 obfained hish vaomm ircids the
pyrolyser between 0,003 to 0.00] mmHg presames (= mmsjﬂm'mmﬁam] The

were carmied our to determene the effect af the TEmpeTature on products
yield. The temperanare of the pyrolyser was set berween 200-530 °C with intervals of 50 °C
for the ranze of penods 1020 min with constamt rate of M) "C/mn and - flow mie
of 30 mlmun. the durations of the experiments wepe ar that tenmerarare undl thers was
no sigmificant gas observed to be released and the VD reactor miomatically terpunated at
that fixed period. Same procedares were repeated for 20, 30, and 20 min. The prodocts from
the pyrolysis process are char, bio-cll and zases. The Smd zas comes out throuzh the vaommm
lime of the pyrolyser and the solid char remain in the cubit as ressidue. The fhod from the
pyrolyzer was then cool throush the condanser. The condersate (beo-oil) was collected and
stored il a sampls bottle for farther analysis, whils the uncondenseable sas was given of &
synes (fhue zas) and collected in a sample bag. Mass balance caloulatons wers used to
estimate the visld char (wi. %) + bio-odl (wt. %2) + gas (at. %) = 100 The vields of char and
bio-oil were determined based on change in weight of the rescior and the condencer
respectively, before and after the expenment. The mass of liquid and solid are given withn
the expenmental emor of <=2,

223 Analysic qf pyrofysis products

At the end of each pymlysis expenments; the bio-odl collected was found to be m a single
Iﬂ:.h&daﬂtwmmlmnﬂha-immmwﬂmlmtmmﬂeﬁmmannadﬁmmm
quite puneent. The pyrolysis oils obtained at pyrolysis temperanare of 300 °C for 3) min was
charactenized by wsing the followng methods. The elemental analysis of the biomass and
hic-oils were determimed throush Liship's, Kjeldahl's and TGA method of estimating
CHMS-0 and their calorific vahues wers calculated by differencs The water content of bio-
oils was measured using provamate analysis. The pH vahe was olfained y a pH probe with
a diztal meter. The densities were calculated by macs'volume @to m the lab. Accordings o

E:aﬁﬁﬁfmh to estimare the degres of de-ouyzenation was proposad by

Digeen of deaxygenation = |I. - l,_r':l | x 100 a3

Whers [O] i oxyzen content (mass)

Depres of de-oxygenation is used to jodse the amount of oxygen that has been rejected from
the bipmas: and retained in the beo-odl.

23 Figures and Tables



Figare 1 Layout of the pyrolysis process
1-3; gas cylindar, 1-Flow meter, 3 -(ass pamolyser, 4-Feacior Confrols, 3-Coolant, §
Conderser, 7-Suction Pump.

FINDINGS AND DISCUSSION OF RESULTS

31 Amalysiz on feedstock

The heterogenons natre of the different materials meelved m MSW mads it oearsst to
impossible, o wse It a5 rw matenal for thes study. This was doe i presence of metals,
broken glasses and coranmics After the raw mafenials were mamually sorted and separated
into their vanous compositons; out of 1 kg of the raw sample collected 71. 7z of it contains
Lpnocelhiosic materials as demonstrated in figure 1 below.
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Figure I Congdtioes in 1 by semple of BSW
The major components of the liznoceliolosic matedal m 71,7z of M5W are shown m S3ue
3
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3.1.1. Thermal gravimeinic analysis:

TA40M) was used to defemine the mass change of a sample with Inoesine temperaiure
and time The main aim of the TGA analysis on MSW i to find (1) the degradation profile,
(2 calkmalate the proumate analyss by monitorne the weighs loss. The plot between
temperabrs and percent weight koss for MSW at heabing rage of 20 *C/nin and the result i
& shown m Fizure 4 below.
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Fijpmre 4: Thermn-Cravimetra Aaslyass ol M5

The zraphical diostation of the TEA-DTA corves of M5W is a5 shown in fizure 4 above.
2898 and 200 *C comesponding fo the endothernmc peak at 100055 °C in the DTA carve.
These obsarvations related to the vaponzation of light volatile matters and water The second
weight losses ocomred between 26471 and 576 64°C comesponding to the endothermic peak
ar 390.80°C in the DTA corve. This observation can be attributed to the defasmentation of
the polysaccharides (hemicelfloses and celluloses). The therd weight loss ecoumed af the
temperabure higher than 300°C and thos commespond o the endothernmc peak at §32.05 °C
the DTA coree. This may be astribated to the bomed and evaporated (lignin) carbon char:
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The praphical inferpretation asrees with Yathavam (2013) and Suwanmareechot or ai.,
(2015).

According to Yathavan (2013), kenocellubosic biomass nsnlly comprises of tree major
components namely celhilose, hemvirelhiloses and Hemin  Hemscelluboses which is
characterized by amorphous and imeslar shape derades at low temperatme 250 — 400°C;
celhalnse which has crystalline structume degrades between 310 — 430 °C; and lipnin which
15 3 conplex aromatic viner, desmades in a wide of temperahure 300 — 500
(. Table 1 below shows 2087 Yowt. moisture content, Hmﬁm voladle matrer, 36313
“emt. fved carbon and 1602 “cwt ash comtent of the biomass sstimated from the weizht
loss curve. These results were also in me with those obtained by Sumanmansechor or ai,
(2015) and Gopalnmmar er ai’, (2011). The ulfimate analyses were done separately done using
classical metheds and the results are aqually presented in Table 1 below.

Table 1: Prosmmate analysis from TGA weight loss thermosram and uwitimate analysis of

“Propertie: AW
- =
Motsnre ) 2087
Ash (%4 1612
Valatile componsnt (7z) M4l
{_omuasivhle maiter (%a) 35160

! Anatyses

i (7a) 458l
H (%) 13.30
Q%) 3782
5 () 005
N 058
Ash content (%) 1.3
Calonc value (MTkE) X708
O/C (molar ratio) sl
H'C (molar ratio) 34l
mﬁﬂlm CHs 01O ia Mo

2.2 Amalysis af pyrolysis produces

3.2.1. Effect of tima on oil yield:

To detemmine the effect of time on bio-oil vields, the senes of expenimental prrolysis
performed af constant fimes of 10, 20, 30 and 20 puin betwesn the mnges of 400-550 *C

were plotted The resnlts are as shown in Sgure 5 which asrees with those obtamead by
Islam et ai., (2010)
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The best tme of 30 min pyrolysis prodaced the bighect oil vield of 32 50 %cwt. at temperature
af 300 °C as shown in fimare 5 above, and this was used o shady the impact of tenpenhre

o product yisld at 50 «C.
3.2.2. Impact gf emperature on product yields

It 5 a well established fact that the main parameter among the openting factars is the
MEEEMMWMMMWWEW
and lhistrated in fimare & below To do this, the pyralysis expenments conducted for 30 men
at the vanous fenpenture range of 400-550 °C wath miervals of 30 *C was isolated and
under study. O a general pofe, higher gassons yield were obtained af all temperatures as
shown fizure §. These were due o coofimmous decomposibion of beo-char as & remamead for
oo long in the formace. An moreased in the bio-oil yields were observed from S00-500 °C
and a suiiden decreased at 550°C. This the highest bio-cil yield of 3250 %ot was recarded
at the pyrolysis tenperanme of 500 °C termed as the best tenperatmre. At lower
temperatares (<2300 °C), the cil yield was lesser and char yield was more. On the other hand

at higher tempemature (> 300°C) the char and the oil yield were less; however the gas yield
was obsarved o be higher. The reason for less ol yield at kower tenpemtures (<300 °C) may

be due o incomplete pyrolysis which result from insufficient energy required, thenstry
le=s @il and more char. On the confrary, the high gaseous yields af higher

temperabre {500 be atmiamed to the secondary cra:hngnfﬂmp}mlgzadm;m:
.Iﬂufen:-:mpgmm mh-:-—ch.r wh:;hmanﬂ.tﬂm;'ﬂ Sinmiar paftern
obsarved Iy other researchers, Salman (20047, Naqwi of ai, {3:]14].:-:11-&1115,{24}&]
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Accordng to Jahirl & ai, (2012), Brown (2009) and Naqa o o, (2014), the gases fommed
dumng pyrolysis expenments congprise of H,, CH,, OO and OOy, These gases were used to
:ﬂrﬂmd&cmﬂmsﬁnlf&jﬁtem?aﬁmahnﬂammmmum
in Table 3 below. The total pases yield at 400°C is 54 B0 wal %, which decreased 10 47 45%
wal. % af 230 °C and the least af 4010 wal. % was recarded at 500 °C, while fixther
InCTease i temperaiars to 330 °C lead to an increase of 5794 vol. %o At 500 *C where the
least volume was obtamned o shows that some of the gases wevre camverted to straighit chain

hyvdrocarbon thersby Zven mse to more ensrgy density of the bio-oll.
Table }: Composition of gases (Val %2) for non-catalyst and catalyst
550

Gases 400 450 SO0

H; 123 1.05 029 117
CHa 074 844 713 10.145
0 17.05 12.76 1148 1778
0, .79 1330 19,60 1782
Todal 54.80 4745 40.10 5715

As the temperatres mireases the abdity to de-oxyeenate undesirable constitsents of bio-oil
to form C0y and HyOrincreazes. Whils as the temperyhare of the system cools below 300 2C
there is radoction of C0y and HO leading formation of straight chain bydrocarbon This is
ghnmsﬂ‘ﬂdhﬂhhiahm&nhaeﬂrmhmnfﬂﬂmiﬂ&m]&aﬂmﬂlﬁm
Cc to others, thes clearly shows that jon of harmiul fromy
tempumaimtm-ml' ]J..!f.I:luF.hua-rJa|:11||=.-1.|'|an:1lr by cooverting mmmmw
below 300 =C. The wohmmne of 00 and OO dareasmg at temperature below 500 °C, which
indicates mability of the temperanmes to de-owygenats harmfnl owygenanss and increased
abowe 500 °C.

3.3 Analysis of the ol yield
3.3.1. Thermo-physical properties gf bio-oil



The key bio~odl properties obtamed varies with pyrolysis temperatures a5 depicted in Figure
T(a-c). It appeared dark brownish free from visible sediments; baghly acidic with high water
comfent, kow heating valoe and very low sulplur conpent The ash condent in the od is very
' winch agress with other research conduced by Maqe ef al, (2014). The sulphr
contents of the beo-ed prodoced was relatively lower than petroleum fuels. The low
Confents are positive property for application = foel Comypared with all VEis
the bio-oil produced af the S “C bad higher Carbon (21 707w, Hydragen
(11. 7wt ), Nirogen (1.25%wt.) and lower energy density (18, 15%:wi) than others as shown
in fizure 7(a) The hisher mitrogen contems are greater than pedoleum imespectve of
pm]}mtaqn:m:ﬂnmtﬁnumbhdmhcmmgﬂﬂ:mmmmiﬂus& These
that the beo-odls should be de-pitra ta their X
mﬁa mﬂteﬂumnmméapndmmm%m@&mml

. These resuifs azreed with an earlier sty by (slam o al.. 3014, (Naqi. er ai.
2014) and (Fim et ai., 2014).
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The density and oxygen content decreases as the pyrodysis temperahres moereased from 400
500 °C, and at 500 C the bio-cil has minimmam valies as demonstrated m fgure 7(b).
Compared with pefrolaum standard the nonsmamy oxygen content is higher in the beo-od
which results in acidic, unstabde and comosivensss with a relagvely low energy density. The
varying quartities of water formation which forms a sable single-phace mixire dameasing
& the temperature also ncreases, Rnging fom 42.84, 41.71, 34 50 to 4122 Yowt. water.
The high water content of bio-odl & dee w0 Enmmnafmamp}mhﬂsm.nﬁull
azrees with the early stady by Naqui & ai, (2004).
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In all expeniments, the bio-cils consisted of higher acsdity (pH) values and decreases as the
temperatures increases, while at 500 °C it recorded the lowest acidity (pH) vahee (3.42) as
f:!::nmﬁm 7(c). '['I:lnla]JEJs]smﬂm-’fnﬂutngl 5 Corrosive nanure and resulbed

ﬂﬂhfﬂlwwm the biomass, this abse agreed with early shody by Nagw
ch
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Figure Tl Proer s ol bus—cil skl

1.3.2. Impact of temperaiure on the desree of de-oxygenation qf lo-oul

The degree of de-oxypenation of bio-odl at vanous parolysis fempemtores are shown
figure B. This i aimed at rediacing the oxygen content of biomass throush various pyrolysis
mﬁmﬂnﬂmnmmmmwmmm

At tenperatures belowr 300 “C, the oxyeen removal was less copmpared o at 300 °C. Higher
temperatures helped to remove mare oxyeen fom the original biomass The results showed
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that more oxyzen is been removed ~20 25%wt. at 500 °C as compared to ~8.73%wt. 200 °C,
~12.50%wt 430 °C, and -6 9%%eat. at 550 °C pyrolys:s tempenature It was also observed
that the oxygen in the biomass was removed mostly as H;O and as CO,/'CO, the result also
azreed with the stady carriad out by Naowi er al,, (2014).
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Figure §: Degroe of de-cuy gesation of casalytic and noa-catalysc bio-od

3.3.3 Impact of Temperature on the composition of bio-oil

The bio-oil 5 a mixture of different compounds and reflects the decomposition of the
liznocellulosic contents of MSW. To understand how temperature of 500 “C mfluences the
pyrolysss of MSW, the functional groups present in the bio-oils were analyzed using FTIR.
These were classified mto different groups (such s are alkanes (C-H), alkenes (C=C), ammes
(N-H). alkanol (O-H) e.tc.) and their areas. The fotal peak areas of thess groups for bio-oils

_
=~ SN A Fon =
Rl a8~ e o
B= Sl T oy e
ST — }Q <&
P ~
&5 b
e

) Funstienal SGsreuns
Figure 9: Fusctosal grovps of Bo-ods and their sres 2 500 °C

From figure 9, the functional groups and areas of the bio-cil revealed the different
components of MSW with nitrogen-containing coppounxds and conplex carbohydrates. Thas
may suggest that food waste component of MSW contains hizh source of amino acid (high
aude protein) At 500 °C where the degree of de-oxygenation 1s high carboxyiic oxygenates
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are formed through decarbenoylation of erzamc acids (soch as acetic formec, faity and amino
acds) Tom cellolose, hemscelhiiosss, esters and nifrogen-comfaming compsands. De-
:mm&m&.ﬁEﬂEMMcMMMfmﬂm
mmhfdmmﬂxmaﬁm:ﬁmﬂmfmdﬂnm@-ﬁnlmnfmnda

(CE-CHrATL) The ate of the functional groups e 40,057 alkbenes, 170 2170

anmnes, 11.983m? ta:malalt'fnsa:dg.-’lﬁ"-m_m

CONCLUSION

Moch attemton has beem Ziven to béomass pyrolyvsis laely, because of clean emerpy
mmwmmmmmmm{smtqﬂﬂmm
whersas the hizhest degres of de-prypenation was 20 25%at, v Meamwhile the
carbsomy] and acidsc components that cause irstabliny and acidsty of the bio-odl were reduaced
to the fomm of H-0 and COx by oxygen remonval. The resalts of FTIR. anatysis of bio-oils at

500 °C mdlcmﬁmmgruﬁiﬂiha:m:ﬁ,mmﬁ amunes, ternunal alkynes and
aromaic ether) with their areas of amimes may likely be from aming acid and

amides in the food wastes which make it infvourahle doe to emission of MO, for the oil
use Thuos, food wastes can be solated from the feedstock or hetmer snll further shady may
revealed an efficient way of nitrogen remosal in the bio-odl In conssderation to a specific
fuel usa.
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