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72 - RIOGAS SYNTHESIS FROM HUMAN EXCRETA USING ZIRCONTA
DOPED SILICA CATALYST

Sepctay Besion ™, Frmabeth Ererigh’

enastenews) of Chemionl Englresring, Dedevul UvNersry of Teckstology,
Minna Niger Swree

*Correspesnding Author Emvail: sundayessien36@gmail.com,
ARSTRA(CT

Open defocanon 18 un enormeons envirormental hazard that plagues the ccosystem. A lnboratory scale batch
¥ingzt thpesbon wsing human excreta was wndertaken with Zirconia doped silica caralyst (Zr05/Si0;). The
maa o gz prodoeed, methane content were micasured by electronic weighing balance and Mestek CGAO02A
etthans desector respoctively. The cffect of catalyst doping and catalyst loading on yield were studied. The
czuhyA incressed the vicld of biogas from 7.22 L/KgVS (Litres per kilogram volatile solid) to 19.02L/KgVSs
zd methane content from 14.00% LEL (lower explosive limit) to 97 00% LEL. This equals the purity level of
ateroally purifiod biogns and mocts the cnergy (Calorie value) need for domestic and industrial applications.
This resalt of the biogns yicld shows a remarkable 163.90% cfTiciency in yield of catalyzed digestion over un-
czmivzed and 592.80% increase in methane content over the un-catalyzed system using the same substrate.
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1.0 INTRODUCTION

In recent years Biogas has gained much attention in

crgy application both in domestic and industrial
scttings. m arcas such as: powering of cars, trains,
clectricity generation, as well as in cooking (7). The
[imitation of Biogas as low-caloric valuc product in
relation to Liquefied Pctrolcum Gas (LPG) and
Compressed Natural Gas (CNG) tend to limit its
application. The most critical task in this regard, is
to producc Biogas of highcr mcthanc content with
little or no mpurities. in order to cnable its use
withom conversion to Bio-mcthanc by purification,
thereby ereasing its caloric value, and the removal
af mowsture thal accompanics its production,
mzbing 1 ligucfisble without purification (2).
Pranunently, the number of impuritics present in
thz Bingas determincs in usage both in the domestic
@end ndpstrial  applicetions. Unpurified Biogas
r=eicres enginecring problems such as; fouling of
g 1=ppzt, rusting of cylinder bore and emission
of obnovoes gascs from car ¢xbaust and during
combustion. The production of Biogas from sewage
enf yitchen s/esic by designing 8 scwapce and
yitchen wesie bio digesier Lo replace the present
soz1 wey syslem and kilchen waste disposal in
wieste Aumnps, /il go a long way in enforcing the
1ezently ensoied f{edersl legislation apainst open
dcfecennn end by exiension reduction, if not

climination of deforestation. Open defccation and
deforestation arc of common knowledge in our
socicty, and these have impacted negatively in the
lifc of the inhabitant of the area, as water bodics and
cnvironment have been polluted by human faeces
and forcst depleted and land exposal to erosion with
resultant loss of nutricnts, leading to breading of
discascs vcctors, discascs and cven death, The
recent cnactment of a law against open defccation
and the subsisting law on dcforcstation nccessitate
a nced to develop an cfficient scwagce-based
digester system for converting human waste into
rencwable cnergy fucl for use in cooking and
clectricity gencrator, thercby reducing dcforestation
and open defccation; making open dcfecation
unattractive since it could serve as a source of fucl
for cooking. This work explores the possibility of
developing a novel catalyst blend for biogas
production. The research targets the improvement
of the Biogas vield of Zirconia-Silica Catalyzed
Biogas digester using human excreta as substrate.

1.1 DIGESTION OF HUMAN EXCRETA
WITH AND WITHOUT CATALYST

Biogas has been produced with  various

compositions of catalyst, water and substralc,
Biogas yicld, methane content was used to evaluatce
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the ¢lTect of catalyst on the digestion cfficicncy. It
was obscrved that catalyst whan used in the right
proportion to fecdstock can cnhance yicld and
methanc content instead of inhibiting the anacrobic
digestion Biogas can be formed in naturc from
rcfuge dumps and rumen of ruminant animals in
mild acidic environment, noturally occurring
biogns, and results from anacrobic digestion of
organic matter by (6). The substrates utilized also
include agricultural wastc and other activitics that
generate organic wasle as by products. For
cxample, ricc straw, pruning, becl, beer and
Alcohol production, grass clippings and other
agriculnural processing activitics.

Synthetic  biogas, unlike natural biogas, arc
synthesized cither  from organic fraction of
municipal solid wastc, scwage sludge, food waste,
fish wastc, animal manure, in artificial digesters.

(3).

(/) used human facces as substratc for biogas
synthesis. In his work, the key result showed that
specific biogas (SBP) of about 0.15m*m*kg/sv (in
normal condition) with an organic loading rate
(OLR) of about 0.417kgsv/m*day were obtained.
Howecver, longer digestion time, slurry composition
variation, and cnvironmental conditions were not
considered without any use of catalyst.

(5) in their work examined the effect of metal
addition (ions), such as trace'metals in the
anaerobic fermentation process, especially on
the activities of the enzyme, hydrogenase. The
result of their study shows that metal ion
addition facilitates the intracellular electron
transportation and the provision of essential
nutrition for microbial growth, thereby
increasing the production of biological
hydrogen from anaerobic fermentation.

(6) in their study assessed the effect of different
supports materials (expanded clay and activated
carbon, Mutag Biochip) on microbial production of
hydrogen in an anaerobic packed bed reactor
(APBR), using synthetic waste water at low pH as
main source of carbon. The result shows that the
amount of hydrogen was highest in Mutag Biochip
(R_1, 1.80molH_2/mol glucose) followed by clay
(R_2, 1.74molH_y/molglucose) and activated
carbon (R_3, 1.46molH_y/molglucosc), These
prove that the reactor with .the highest yiclds
(R_iandR _3) had the lowest acclate/butyrate ratios
of 1.7 and 1.6 respectively, while those with the

lowest hydrogen vyield (R_;) had the highest
acctat¢/butyrate ratio of 4.8. This indicates that
hydrogen is produced from the acetate and butyrate
by the microbes under the influcnce of the support
matcrials which has some immobility effect on the
gas production.

(7) cvaluated HRT and Solid Retention Time (SRT)
cffect on hydrogen production from organic solid
waslc using a scquencing batch reactor (SBR) under
mesophilic conditions. The result obtained shows
that a short SRT of 20h dccreased the hydrogen
production by up to 90%, and that, optimal
hydrogen can be produced at an HRT of 16h and
SRT of 55h, showing that HRT is the main
paramcter that determines the microbial community
composition. The result showed that Olscnella
genus was predominant at HRT less than 8h,
Clostridium at an HRT of 16h when the slurry was
analyzed for microbe composition.

(8) studied biogas production using Silica gel as
catalyst. A fictitious laboratory scale digester was
used to synthesize biogas from poultry farm and
domestic kitchen waste at a digestion temperature
of between 26° C to 3° C. The result shows that
7921mlkg (7921L/kg) was obtained without silica
gel and 10545ml/kg (10.545L/kg) with catalyst, an
improvement of 33.12% over digestion without
catalyst.

(9) in their study investigated the effect of iron
oxide nanoparticles (IONPs) on the anaerobic co-
digestion in which olive mill wastewater and
chicken manure were used as substrate under
mesophilic conditions. Biogas yield, methane
(CH4) content, the removal efficiency of TS, VS.,
acidification and hydrolysis percentage were also
investigated. Their result showed 1.3% to 4.2%
enhancement in methane generation yield over the
control.

2.0 MATERIAL AND METHODS
2.1 Materials

The materials used for this research include
Zirconia, Silica, Distilled water and human excreta.
The human excreta were collected from kure village
opposite Kure market in Minna, Nigeria. The
substratc was reduced to 2mm grain size in a
mortar, The water used was obtained from a local
chemical store, Panlac Nigeria Limited. Zirconia
and silica were also obtained from the store. The
Mcstick CGA02A Mcthane gas analyzer used in
analyzing the produccd biogas was obtained online
as shown in plate 1.0,
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Ptate 1.0: (a) Zirconiumdioxide (b) Human
excrota (¢) Mestek CGAO2A Mcthane Gas

Analvzer

2.2 Methods

The dred sumple of the substrate underwent
pliasicochemical analysis in order to dcterminc its
momture content. volatile solid and total solid (/0).
Thes analysts was carmied out in the Unit Operations
Laboratony, Department of Chemical Engincering,
Fadern] University of Technology, Minna. Nigeria.
Thenmogrmvimetric analysis was also conducted on
tiue catalyst sample developed. The catalyst samples
weere caleinated at 500 °C for about an hour and
SWERLY MInuLes.

Tle catalyst were developed using the method
apecified by (/1) i their work on the structureal
cliarscterization of Ni/ZrO_/SiO _,
muzncomiposiles prepored by wet impregnation
mieihod. Alternate quantities of ZrO_» was mixed
with 510 _; in various proportions of 10g, 20g, and
30 e the ratio of 3.7, 7:3 and 1:1 respectively. This
cewiited 1n three different catalysts doping of
Z:0_-"510 ;. The ZrO _»/SiO_, mixed oxide was
caicined @ 590° ¢ m un inort furnace atmosphere in
eudar 1o prevemt any oxidation reaction on the
cinnpinsile swhen heated.

The calemed ocatalyst was then added to the
substrate at 10%, 20%, 30% catalyst loading and
digested with 6603 of distilled water in ten 3.5%10
M ! mini digesters, of which onc digester without
catalyst added. scrved as the control. The digestion
was carried out for 35 days in the Unit Operation
Laboratory, Chemical Engineering Department.
Federal University of Technology, Minna. Niger
State. Nigeria.

3.0 RESULT AND DISCUSSION

The Digestion result is presented herewith and
hereby discussed

3.1 Effect of catalyst doping

The result of Balanced Design Analysis of Variance
(BD-ANOVA) mcans plot of gas produced by
catalyst doping (figurcl.0) showed a largo
difference among the mecan of gas produced
between the three levels of catalyst doping when
catalyst loading is at smallest index level. Also, at
catalyst doping levels of 1 and 3, the mass of gas
produccd mean increases between catalyst loading
levels, 10% and 20% while decreasing for level 2.
When catalyst loading is at level 20% the curves
start to parallel, indicating that therc is not
interaction effect between catalyst doping and
catalyst loading of levels 10% and 30%. Thercfore,
the main effect of both factors (catalyst londing and
catalyst doping) is zero at this level. However, the
two effects are additive and the main effect of
catalyst doping does not depend on (or interact
with) the levels of catalyst loading of Levels 20%
and 30%. Figure 1.0 depicts the cffect on biogns
production.
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Figure 1.0 Mean plot of biogas production by catalyst doping

3.2 Effect of catalyst loading

The result of the BD-ANOVA means plot of biogas
production by catalyst loading (Figure2.0) showed
that catalyst doping has not effect, since catalyst
loading levels 20% and 10% overlaps with one
another. Moreso, as catalyst loading level of 30%

Maana Pict ol Mazs_of_gas by Calalysl_doping and Catalysloading
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and 20% are parallel to one another, it therefore
means that, the effects of catalyst loading levels
30% does not depend on (interacts with) the levels
of catalyst doping.

Figure 2.0 shows the mean plot of biogas
production by catalyst loading.

Figure 2.0 Mean plot of biogas production by catalyst loading

3.3 Effect of catalyst loading and doping on gas production

Table1.0 Summary of Balanced Design Analysis of Variance (BD-ANOVA) showing the effect of catalyst

loading and catalyst doping on gas production




Model DF P-Value
A: Carnlyst 2 0.88872
doping

B: Catalyst 2 0.01961%*
loading

AB 4 0.85491
S 153

Total 161

Adjusted

Total 162

The Result of the BD- ANOVA (Tablc4.3) showed that catalyst loading had significant (P<0.05) cffect on
biogas production while catalyst doping had not diffcrent significantly (P>0.05).

.
Maans Plol of Masa_ol_gas Moonu Plol of Mass_ol_gas

102000 - 1o ?000-‘

161373 18 1375 4
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Figure3.0 (a) Mean plot of mass biogas produced against catalyst doping, (b) Mean plot of mass of
biogas produced against catalyst loading\

K

Table 2.0 Summary of yield of biogas produced
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S/N | Experimental Sctup Yield(
L/kgV
S)
1 Control 7.22
2 CnlalysldopingllondinglO 10.77
3 Catalystdoping lloading20 | 11.30
4 Catalystdoping] loading30 | 12.75
S Catalystdoping2loading10 | 19.05
6 Cntnlys(doping.’.IondingZO 13.30
7 Catalystdoping2loading30 | 12.48
N Catalystdoping3loading 10 | 13.30
9 Catalystdoping3loading20 | 11.17
10 | Catalystdoping3loading30 | 12.75

The result of the mean plot .of mass of biogas
produced indicates that catalyst loading at level
10% produces the highest biogas yicld at a catalyst
doping of level 2, as shown in figurc 3.0(a). While
Figure 3.0(b) shows that the catalyst loading of 30%
produces the highest cumulative mass off biogas in

No=al Pratabiny Mol of Mass_ol_gas when Catalys|_loading= 10, Calalys|_doping
)

Mana_of_gaa whaen Catalgsl loadngs 10 Catatyt_dngmg =)
&
-
®
L)
Mass_of_gas when Calalyst_loading=20, Catalyst_doping=2

"t 1] T v 1540
A} ] " 22 50 75 80 0§ 29

'
Percent of Values|

(a)

1040 4

10.15 4

15.90

15,65

the first cighteen (18) days of digestion. Table 1.0
shows the BD-ANOVA result of the effect of
catalyst loading and doping on mass of biogas
produced.

Normal Probabiity Plol of Mass_of_gas whan Catalyst_loading=20, Catalysi_doping=

/

¢ecce®0o o °

; 1'0 2'5 .'n’ﬂ 7 %0 855 29
Percent of Values

(b)

Figure 4.0 (a) Normal probability plot of mass of biogas at catalyst loading=10, catalyst doping=2,
(b) Normal probability plot of mass of biogas at catalyst loading=20, catalyst doping=2

3.4 Methane content

The digested biogas was analysed in situ with a
hand-held  combustible gas  detector  model
CGDO2A, calibrated in lower explosive limit (LEL)
and pan per minute of resolution 1%LEL and 1 PPM
and detection flow of 1L/min, The gases detected

are Natural gas, coal gas and liquefied petroleum
gas with a response time of 2 seconds, measurement
range of 1% to 100%LEL and 50ppm to 50000ppm
and mcasurement accuracy of + or -5%FS

The result of the measurement is shown in table 3.0
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Table 3.0 Summary of amount of methane gas (CH4) in generated biogas measured with Mestek

CGDO02A
Digester Amount of Methane Mcasurement | Remark
present(%LEL) Temperature
Control 14.0 31.4
Catalystdopingl, londing 10 0.0 31.4
Catalystdopingl, loading 20 0.0 3.4
Catalystdopingl, loading 30 0.0 31.4
Catalystdoping2, loading 10 88.0 31.4
Catalystdoping2, loading 20 97.0 31.4
Catalystdoping2, loading 30 Gas bag spill 31.4 Digestesd
spill into
gas bag
Catalystdoping3, loading 10 62.0 31.4
Catalystdoping3,loading 20 Gas bag Spill 314 Digestesd
spill into
gas bag
Catalystdoping3, loading 30 0.0 314

The tabulated result of the methane content
measurement  shows that  the digester of
catalystloading=20doping=2 generate the highest
amount of methane (97%LEL) followed by the
digester catalyzed with
catalystloading=10doping=2 (88%) and thirdly by
catalystloading=30catalyst doping=3 (62%). While
the control yiclded only 14%LEL. The result,
therefore, prove that biochemical reactions can be
catalyzed with inorganic hetcrogeneous catalyst
together with enzymatic catalysis.

4.0 CONCLUSION AND
RECOMMENDATION

4.1 Conclusion .

From the experiment conducted and the analysis
undertaken, the following facts can be drawn: The
humazn excreta arc a viable substrate for biogas
synthesis, which has a yield of both biogas and bio-
methanc content. The BD-ANOVA analysis of the
mass of gas produced revealed that catalyst loading

have significant effect on the yield, with a
probability of 0.01961 which is less than
significant level of «=0.05 while catalyst doping
hat not effect. Therefore, catalyst loading had
significant effect on the process yield. To further
investigate and established the actual catalyst
doping combination that has the highest effect on
yield, the Two-Sample T- Test was conducted. This
revealed that catalyst doping of 10% (Catalyst
doping=2, loading=10) gave the highest yield as
depicted in figure 4.0(a). The highest yield of
biogas produced was 19.02L/KgVS which is
163.9% over the control of 7.22L/KgVS. The
methane content obtained for the catalyzed doping
of 20% (Catalyst doping=2, loading=20) gave the
highest mcthane content of 97%LEL), while the
control had only 14%LEL. The biogas produced
from catalyzed digestion (Catalyst doping=2,
loading= 20) can be used as bio-methane to power
generators, cars and cooking meals drive turbines
without necessarily purifying it.
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4.2 Recommendation

trom the foregoing further research should be
undertaken to ascertain the optimum parameters
that would give the highest yield of biogas and
meathane content from a single catalyst loading and
Jdoping combination,
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