Green House Gases Emission Reduction
Potential through Wastewater Utilization
iIn Bioethanol Industry

By Udin Hasanudin; Amalia Julfi R; Rahmawati Nurmalasari; Agus Haryanto



ﬂle 5% AUN/SEED-Net Regional Conference on Global Environment
November 2 1st-22nd 2012

Green House Gases Emission Reduction Potential through
Wastewater Utilization in Bioethanol Industry

Udin Hasanudin!, Amalia Julfi R.,! Rahmawati Nurmalasari,! & Agus Haryantol

'Dcp;m ment of Agroindustrial Technology, Faculty of Agriculture, University of
Lampung, J1. Sumantri Brojonegoro No. 1, Bandar Lampung (35145). Telp/Fax. 0721-700682
2Depzu‘lmem of Agricultural Engineering, Faculty of Agriculture, University of
Lampung, J1. Surn-aei Brojonegoro No. 1, Bandar Lampung (35145).

Email: udinha@unila.ac.id

Abstract. Bioethanol industry was developed to support renewable energy
development. In other side, bioethanol industry has also potential to emit green
house gases from their wastewater. Wastewater treatment in bioethanol industry
used a conventional biological anaerobic process in an open lagoon that emitted
methane to the atmosphere. Methane capturing and utilization as a renewable
energy reduced green house gases emission. The objective of this study was to
calculate the green house gasses emission reduction from wastewater treatment
in biocethanol industries using cassava and molasses as raw materials. Complete
Mixed Stirrer Tank Reactors with 50-litre working volume were used to evaluate
the COD removal and biogas production potential from vinasse (wastewater
from molasses based bioethanol) and thinslop (wastewater from cassava-based
bioethanol). The averages of COD removal were 84.,55% and 74,11%,
respectively for vinasse and thinslop. Biogas production potentials from vinasse
and thinslop were 542,12 m'/kL ethanol and 105.86 m'/kL ethanol, respectively.
Methane concentration in the biogas was practically same for both wastewaters,
namely 57,34% for vinasse and 57,0% for thinslop. The biogas from vinasse and
thinslop treatment potentially reduces green house gases emission about 4,19 ton
COse/kL etanol and 0,82 ton COse/kL etanol, respectively. Biogas utilization to
replace coal in ethanol industry reduced GHG emission into 0,213 ton CO»e/kL
ethanol and minus 0,81 ton CO,e/kL ethanol for cassava-based and molasses-
based, respectively.
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b Introduction

According to UNFCCC (United Nations Framework Convention on Climate
[hange), there are six greenhouse gases (GHGs) important to be considered
including carbon dioxide (CQ,). dinitro oxide (N,O)., methane (CH,),
sulphurhexafloride (SF6), perflourocarbons (PFCs), and hydroflourocarbons
(HFCs) [1]. Main source of GHG emission is fossil fuels combustion. Recently,
emission of these gases is of interest due to their relation to global warming
effect. Accumulation of these gases in the atmosphere acts as a green house that
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is allowing short waves from solar radiation but becomes a barrier for long
waves reflected from earth surfaces. As a consequence, temperature of the earth
is increasing globally (just like interior temperature of a car parked in open yard
at a sunny day). Therefore, emission of GHGs should be reduced.

As told by the Second National Communication [2], total GHG emission from
Indonesia was 1,38 Gton CO-e and 11% from it was released from waste.
Indonesia has targeted to reduce the emission by 41% with increasing CO,
absorption capacity by reforestation program, deforestation reduction, peat land
management, mix energy program, and waste management. The last was
performed with 3R (reuse, reduce, and recycle) principle. Waste becomes
important source of GHG emission because it produces CH, during its
anaerobic decomposition. Global Warming Potential (GWP) or global warming
index of CHy is 21 meaning that every unit of CH, will affect 21 times as much
effect of CO,. Methane has contributed to GHG effect of around 15-20%. On
the other side, CH, has a great economic value due to its energy value that can
be used as a renewable fuel. One of important methane sources is wastewater
from many agriculture-based industries, including bioethanol industry.

Bioethanol industry was developed to support renewable energy development.
To produce ethanol, the industry used either cassava or molasses feedstock.
Bioethanol industry has potential to emit GHG from their wastewater. Every
liter of ethanol being produced, 17-25 liter of wastewater is released.
Wastewater treatment using a conventional biological anaerobic process in open
lagoons emits methane to the atmosphere. This becomes environment problem
if wastewater is improperly treated [3]. Generally speaking, agro-based
industries use a lot of water for production process and therefore they also
release a lot of wastewater [4]

Wastewater from bioethanol industry has a great potential to lower environment
quality and to hassle biological ecosystem. This is caused by high COD value of
the wastewater. Thinslop, that is wastewater generated by cassava-based
bioethanol industry, has a chemical oxygen demand (COD) of around 35.000-
50.000 ppm [5]. Using molasses as v material, bioethanol industry produces
wastewater, called vinasse, having Biochemical Oxy‘@ Demand (BOD) of
around 35.000-50.000 mg/L. and COD of around 100.000-150.000 mg/L [6].
High COD value of vinasse and thinslop implicate high content of organic
matter in the wastewater which is good source of carbon. In the anaerobic pond,
organic compound will be decomposed into CHs; and CO-, that can be
recognized with the decrease in COD value of wastewater.

This research was point out to evaluate the GHG emission reduction potential of
wastewater treatment while producing biogas in bioethanol industry. The
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research was also intended to investigate the possibility of using biogas digester
as a mean to mitigate GHG emission in bioethanol industry.

2 Materials and Methods

Thinslop and vinasse were received from PT. Medco Ethanol Lampung, an
ethanol producer operated at North Lampung. The wastewaters were
characterized by their pH and COD (chemical oxygen demand) values. The
COD measurement was based on the SNI number 06-6989.2-2004. A stainless
steel vessel of 50 L capacity equipped with a stirrer was used as anaerobic
reactor to study COD removal and biogas production using different substrates:
thinslop and vinasse.

Sludge of wastewater as much of 14,5 L was introduced into the vessel.
Adaptation stage was performed by removing 1 L of wastewater in the vessel
and replacing it with a new one. This was performed daily till the pH has
already stable at 6.5-7,5. Methane forming is initiated by organic acids
productfh. The acids tend to increase acidity of the substrate (lower the [EH
value). Methanogenic bacteria are highly sensitive to the pH changes and the
optimum pH for the growth of methanogenic bacteria is aroud 6-8 [7]. For
experiment using vinasse substrate, COD load was 2,0 g/L per day. However, to
avoid shocks, the addition of wastewater was started from COD load of 0.5 g/L
per day for a week and increased by 0.5 increment each week till COD load was
20 g/L per day. From this time forward, new substrate was added at an equal
quantity to the substrate removing from the reactor. Similar experiment was
performed using thinslop substrate.

Temperature of anaerobic process was measured daily. The same was done for
pH measurement of spent sludge. COD measurement of spent substrate was
done every another day. Gas analysis was performed every week. Methane
fraction in the biogas analyzed using gas chromatograph (GC Shimadzu 2014)
with TCD detector and Shincarbon column (ST 50-80 D-1794). Biogas
production was estimated from methane fraction [CH,4] using the following
equation:

0.35xCOD,
[CH,]

Biogas =

(1

where biogas production was presented in m*, COD, is COD removal; 0,35 is a
conversion factor of CH, yield (m”) per kg of COD removal [8].
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Green house gas reduction potential (REP) of CH, was calculated as the
following:

REP = BP - PE 2)

where BP is baseline emission, that is emission value without utilization, and
PE is project emission, that is emission value with utilization. Baseline emission
(in CO:e) is equivalent to emission potential of CHs. The value of PE was
calculated assuming that emission during anaerobic digester project is 10% [1].

3 Results and Discussion

Table 1 showed wastewater characteristic using in our experiment. Even though
there was no significant difference of pH value, a big different of COD value of
the substrates was observed. Vinasse had a COD value of 105.000 mg/L, much
higher as compared to 28.233 mg/L for thinslop. This implicated a high content
of organic matter in the vinasse.

Table 1 Wastewater characteristic based on feedstock type used in bioethanol

industry.
Feedstock (Wastewater) pH COD (mg/L)
Cassava (Thinslop) 4.30-4 80 28.233
Molasses (Vinasse) 4.99-500 105.000

During experiment it was observed that outlet temperature was 28,5 °C and
outlet pH was 7,53 using thinslop substrate. Using vinasse substrate, outlet
temperature was 27 °C and outlet pH was 7,60. This condition was favorable for
methanogenic bacteria which grow up best in the range of 25-40 °C and pH of
7-8.

Figure 1 showed the COD value of inlet and outlet of wastewater, both for
thinslop and vinasse. Whilst, Figure 2 revealed COD load and COD removal
during experiment, both using thinslop and vinasse. Chemical oxygen demand
is defined as a quantity of oxygen required in order organic matter in the
wastewater is oxidized chemically. The main products of fermentation process
(acetate, hydrogen, and carbon dioxide) are precursor for methane formation.
Vinasse was thicker with COD value of much higher than thinslop and therefore
is more difficult to decompose. The COD outlet vinasse substrate was relatively
high, 36.883 mg/L. At COD load of 2 g/L.day, average COD removal for
vinasse was 1,48 g/L.day or 74,11%. High content of organic matter decreased
the effectiveness of microorganism to degrade organic compound in the
wastewater. On the contrary, COD value for thinslop outlet was 4.362 mg/L.
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Average COD removal for thinslop substrate was 0,596 g/L.day or 84,55% at
COD load of 0,706 g/L.day. The different of COD removal was also influenced
by COD load. High COD value combined with high COD load of vinasse has
resulted in a slightly lower COD removal as compared to those of thinslop. In
both cases, optimum condition for anaerobic fermentation was achieved.

M load COD
W COD removal

COD (g/L.day)
A

thinslop vinasse

Substrate

Figure 1 COD load and COD removal (g/L.day) for thinslop (0,706 and 0,596)
and vinasse (2,00 and 1 48).
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Figure 2 Average COD value (mg/L) of thinslop and vinasse at the inlet and
outlet of wastewater treatment.
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31 Emission Reduction Potential

Emission reduction potential was calculated based on bioethanol industry
working at a capacity of 180 KLPD (kilo liter per day) of ethanol. This industry
may use cassava tuber at a rate of 1.200 ton/day or molasses, by product from
sugar industry, at a rate of 700 ton/day [5]. It was observed that producing 1 kL.
ethanol required 6.48 ton of cassava tuber with 7.22 m® thinslop, or 3.89 ton of
molasses with 11,40 m’ vinasse. Table 2 demonstrated cmission potential at
bioethanol industry based on feedstock used. The first choice will generate
1.300 m® thinslop daily with COD load of 36.703 kg/day. Using COD removal
of 84.4% and a factor of 0,35 m’ CH, per kg COD removal, this thinslop is
possible to produce CH, at a rate of 10.861 m*/day or 60,34 m*/kL of ethanol.
The second option generates 2.053 m’ vinasse with COD load of 215.565
kg/day having potential to produce CH, at a rate of 55914 m’/day or 105,86
m’/kL of ethanol. 2

2

Table 2 Calculation for emission potential from thinslop and vinasse treatment
at a bioethanol industry with capacity of 180 KLPD.

Description Unit Type of wastewater

Thinslop Vinasse
Raw material (feedstock) Cassava Molasses
Flow rate m*/day 1.300 2053
COD input oL 28723 105,00
COD load kg/day 36.703 215565
COD removal (CODy) % 84,55 74,11
kg/day 31.032 159.755
Conversion factor of COD, to CH,¥ m’ CH,/kg COD, 0,35 0,35
CH, potential m*/day 10.861 55914
m’/kL ethanol 60.34 31063
CH, consentration % 57.00 5734
Biogas potential Nm*/day 19055 97.582
Nm*/kL ethanol 10586 542,12
CH, mass rate ton/day 706 3994
GWP CH,* 21,00 21,00
Emission potential of CH, (BE) ton COze/day 16296 838,74
ton CO,e/kL ethanol 091 466
Emission project (PE) % 10 10
Reduction emission potential (REP) ton COe/day 146 63 75995
ton COse/kL ethanol 0,82 4,19

It was observed that methane concentration was almost same for both
substrates, specifically 57% using thinslop and 57 34% using vinasse. This
meant that equivalent biogas potentially }deuced from thinslop and vinasse
was respectively 19.055 and 97.582 m’/day. Our calculation resulted that
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GHG emission potential from thinslop and vinasse was 0,91 ton COse/kL
ethanol and 4.66 ton CO,e/kL ethanol, respectively. It was surmised that
producing bioethanol from molasses potentially emit GHG 5,14 times as much
of those from cassava (Figure 3).

ton CO e
kL ethanol

25 1 Bthinslop

£ T @vinasse
3 :'
thinslop vinasse

————p Substrate

— GHG Emission Potential,

Figure 3 GHG potential emission (ton CO,e/kL ethanol) from thinslop and
vinasse treatment.

Project emission for anaerobic digester was assumed to be 10% [1]. Based on
this assumption, proper thinslop treatment is capable to reduce GHG emission
by 146,63 ton CO,e/day or 0,82 ton CO,e/kLL ethanol in the cassava-based
bioethanol industry with a capacity of 180 KLPD. Similarly, vinasse
management is potentially reduce GHG emission by 75995 ton CO.e/day or
4,19 ton CO,e/kl. ethanol for molasses-based bioethanol industry. Tt is
concluded that wastewater management is significant to reduce GHG emission.

32  GHG Emission Reduction in Bioethanol Industry

Generally, bioethanol industry uses coal to generate electricity required in
production process. Our observation noted that cassava-based bioethanol
industry with 180 KLPD capacity required 3,1 MW electricity power.
According to West and Marland [9], emission factor for coal-bsed power plant
was 0,282 kg C/kWh or 1,034 kg CO2e/kWh. Thus, GHG from cassava-based
ethanol industry was 76,93 ton CO,e/day or 0,427 ton CO,e/kL etanol. One way
to reduce GHG emission is treating wastewater to produce biogas and
subsequently utilize the biogas as fuel to generate electricity. Based on
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calculation presented in Table 2, biogas from thinslop treatment was expected to
replace coal of about 50% at a conversion efficiency of 35%. This meant GHG
emission can be reduced to 38,46 ton CO,e/day or 0,213 ton CO,e/kL ethanol.

Producing ethanol from molasses required little lower energy, that was 2.1 MW
for the same capacity. Similar calculation was performed for molasses-based
ethanol industry. The results revealed that GHG emission was 52,10 ton
COse/day or 0.289 ton CO.e/kL ethanol. The biogas potential from vinase,
however, was higher and able to excess power of 587 MW. Hence, the
utilization of biogas in the industry can entirely replace coal. The excess power
potentially reduce GHG emission into minus 145,70 ton CO,e/day or minus
0.81 ton CO,e/kL ethanol (Figure 4).
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Figure 4 GHG emission comparison between cassava- and molasses-based
ethanol industry.

Molasses-based ethanol industry required less power for production process
than that of cassava-based one. Furthermore, utilization of vinasse to produce
biogas had a great potential as renewable fuel and for reducing GHG emission.
From this point of view, molasses-based ethanol industry was more attractive
than cassava-based one.

4 Conclusion

1. GHG emission potential from wastewater treatment in bioethanol
industry was 4,19 ton CO,e/kL ethanol with molasses feedstock and 0,82 ton
CO.e/kL ethanol with cassava feedstock.
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2. Wastewater utilization to produce biogas as renewable fuel to replace
coal in ethanol industry reduced GHG emission into 0,213 ton CO»e/kL ethanol
and minus 0,81 ton CO,e/kL ethanol for cassava-based and molasses-based,
respectively.

5 Acknowledgements

First author thanked to PT. Medco Ethanol Lampung who provided valuable
data.

6 References

[1] IPCC (The United Nations Framework Convention on Climate
Change). 2006 IPCC Guidelines for national Greenhouse gas
inventories. 2006.

[2] UNFCCC. Indonesia Second National Communication. 29 August
2012. http://forestclimatecenter.org/files/2009-11-14%20SNC%?20-
920Indonesia%20Second% 20National %20Communication%20un
der%20The %20UNFCCC%20(Summary%20for%20Policy%20Ma
kers).pdf.

[3] Meilany, D. and Setiadi, T. Pengaruh pH Pada Produksi Asam
Organik Volatil dari Stillage Bioetanol Ubi Kavu Secara
Anaerobik. Prosiding Seminar National Rekayasa Kimia dan
Proses, Universitas Diponegoro, Semarang. 2008.

[4] Kementrian Negara Lingkungan Hidup Republik Indonesia.
Pedoman Pengelolaan Limbah Industri Pengolahan Tapioka.
Kementrian Negara Lingkungan Hidup Republik Indonesia.
Jakarta. 45 pages. 2009.

[S] Medco Energy Chemicals. Process Overview Multi Feedstock
Ethanol Plant 190 KLPD. 29 Halaman. 2007.

[6] Kuiper, L., Burcu, E., Carlo, H., Willem, H., Sebastian, M. &
Klass, K. Bioethanol from Cassava. Ecofys. 38 pages. 2007.

[71 Savant, D.V., Shounce, Y.S. & Prakash, S. Methanobrevibacter
acididurans sp. Nov., a novel methanogen from a sour anaerobic
digester. International Journal of Systematic and Evolutionary
Microbiology, 52, pp. 1081-1087, 2002.

[8] Metcalf & Eddy Inc, Tchobanoglous, G., Burton, F.L. & Stensel,
H.D. Wastewater Engineering: Treatment and Reuse (4™ ed.).
McGraw Hill Co. 1819 pages. 2003.

449




(9]

The 5% AUN/SEED-Net Regional Conference on Global Environment
November 2 1st-22nd 2012

West, T.O. & Maryland, G. A Synthesis Of Carbon Sequestration,
Carbon Emissions, and Net Carbon Flux in Agriculture:
Comparing Tillage Practices in the United States. Agriculture,
Ecosystems and Environment, 91. pp. 217-232, 2002.




Green House Gases Emission Reduction Potential through
Wastewater Utilization in Bioethanol Industry

ORIGINALITY REPORT

10

SIMILARITY INDEX

.

PRIMARY SOURCES
, : o)
Igztee,-rt;:,tonal.ftsl.|tb.ac.|d 126 words — 5 /0
. : o)
www.ilcan.or.id 85 words — 3 A)

E B BB BB

Internet

n n . . . 0
The Prokaryotes", Springer Science and Business < /O
Media LLC, 2014 12 words 1

Crossref

, . . 40
Li&gsﬂory.Ippm.unlla.ac.ld 12 words — < A)
. 40
I(ﬁtaenrrnr;teg|esc|ence.edu 11 words — < A)
: 0
I|r(3@:r1n62t3dok.com 10 words — < g /0
. . 40
Changsheng Li. "Quantifying greenhouse gas 8 words — < 0

emissions from soils: Scientific basis and modeling
approach", Soil Science and Plant Nutrition, 2007

Crossref

: , : : : o
Negar Ka%ernl, Omid Tave_lkqll, Shayan Seilf, Morvarld7 words — < 1 A)
Nahangi. "High-strength distillery wastewater

treatment using catalytic sub- and supercritical water", The Journal

of Supercritical Fluids, 2015

Crossref

. 0
pt.scribd.com 5 words — < 1 A)

Internet



EXCLUDE QUOTES ON EXCLUDE MATCHES OFF

EXCLUDE ON
BIBLIOGRAPHY



	Green House Gases Emission Reduction Potential through Wastewater Utilization in Bioethanol Industry
	By Udin Hasanudin; Amalia Julfi R; Rahmawati Nurmalasari; Agus Haryanto

	Green House Gases Emission Reduction Potential through Wastewater Utilization in Bioethanol Industry
	ORIGINALITY REPORT
	PRIMARY SOURCES


