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Production of ethanol, bio-electricity and hydrogen gas in yeast fuel cell

Apichetch Kumnubpha, Chaiwat Bandaiphet*

Department of Biotechnology, Faculty of Engineering and Industrial Technology, Silpakorn University,
Nakhon Pathom 73000, Thailand.

*Corresponding author. E-mail address: Bandaiphet C@silpakorn.edu

Abstract

Microbial Fuel Cells (MFCs) technology is an excellent alternative for production of
bio-electricity and hydrogen gas directly. In this work, Saccharomyces yeast was anaerobic
cultured in anodic chamber of MFC and the effect of sugar concentrations (140-220 g/L) in
medium on production of ethanol, electricity and hydrogen gas was studied. Maximum ethanol
yield was 42.8 g/L from fermentation at 220 g/L sucrose concentration for 120 h. During
alcohol fermentation, yeast also emitted the electrons that moved from anode to cathode
electrodes of MFC, and generated the maximum current density about 0.187 A/m? at 220 g/L
sucrose concentration. To produce the hydrogen gas, MFC was operated without oxygen
supply in cathode and the current from direct current generator was pass up the outer circuit of
MFC system (called, Microbial Electrolysis Cell, MEC). The supply of currents (0.2—2.0 volts)
to outer circuit had an impact on the hydrogen gas production. Hydrogen gas bubbles rose out
(3.71 mL/L/h) in MEC with current supply at 1.0V, after 120 h fermentation at 220 g/L sucrose.
MFC and MEC technology were considered to help alleviate the energy crisis with having the
potential to produce the renewable and sustainable fuel and energy, in addition to producing
basic bio-products.
Keywords: Bioelectricity, Ethanol fermentation, Hydrogen, Microbial fuel cells, Yeast
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Fig. 2 Users Interface; A (Add friends screen), B (Greeting Message), 4482 C (Rich menu)

daumihvendanvesd 191sznoudie dIuuaAIHANITAUNUIRIUDY HAZFIUNYNIN (rich menu)
9 1 . o [~ 1 < ' o A Y A '
a1uan (Fig. 2 ©) Twwymwazdantaiu 6 a1 Tasuaazamzilunguuesiinuniedoyainuiios 5
1 J J 1 ~ A o a a 1 a 1 A I a
nqu laun wraseued Mn fanssu ngszidiouass uazdaaaoimin daunmgatheduuuulszidiu
= Aoy vo A < Y &
AN lvweszun wenannig Isgsaunsaiviunaunues InonFoan1awil

o

M3 ldneurzegluisnson Tuia (Bot mode) famnsoldnenldsa Tusanuinia {19010 vsena

@oNUYNIN MIAoUoA TUIIAKIY Dialogflow vz eunsaneunay lanategluuy (Fig.3) v

Ton11u (Text) S11uTan1uReungun 1Tl 1 nsaasadatonild 3 Bubbles 1u
asdimsdlalFautiyFnienmsvesla (LINE Office Account) uuy liidea1uims

3100 (Image) mydadenmasunduifugnmeannsouaaisesazden 1dnd ity
mwﬁdwmfﬂu infographic vsenmisemel

uuutuna (Buttons template) ifluguuumsdaiifiydnin ¥aises foanu uaztunald
AonmuAaeIns Lﬁ@é’l%’ﬂmﬁ@ﬂﬂmzﬁ’nzﬁﬂﬂﬂ"&mﬂ%au@ia (Link) 8U9 19U uuufi Au'lydgneu

1 Aa [~ Y
nrisman Iva duau

1075



a a o s ¥ A o a 2
fﬂiﬂi$‘IjﬂJVIW\i'JGHWﬂﬁ“UE]\HJﬂ'l'J‘VIEﬂaFJLﬂ‘H@]i?HfW]S A3 59 ’L’HGUTVIS‘WEﬂﬂSﬁSﬂJ‘HWILLaZﬁ\m’Jﬂé}@N

1 § 4 A a I
ppunmwieudonnuazijunaidunsomeowiu@nla (Carousel template) 1ilug iy
< ' A A A A o
msuaaswanuiunguitemsimeug 18 lasmsaeulinsunilevesvenin mineuunaunuIUUil]
A ' Ed
amiszneumiuanuiauls uag lvdeyar 19 1aunau
S A o
HUVIIONITATN (Image carousel template) 1Humsuaasmsaunumuuithydamunads

< A A Y A =~ [
Lﬂui’]ﬂﬂ’]ﬁﬂlaﬂu@ﬁﬂﬂ’]l’lﬂ ﬂTWWllﬁﬂﬂﬂgﬂmu']ﬂ(lﬁiyﬂ')']uﬂﬂ Carousel template

Read Reed (iaviia
srneed ( Fusadasadsduded Ml ]

" : - R Text @{ voalaaesil 6 @Ay . N
m tqm‘mamﬂs‘[uﬂaamnnﬂmmﬂv‘a_mPM 1. udouemaiAaeiavioaen

' 2. Yewuiviavient nu.30

@ 3. vaghohuin lem 2 uas Teu 3
tusnaevls @ 4 ghsinlan 3

Aﬂlndaannunuanaﬂ“l P 5. dhenmadn Tt

TunnuRdoysnd | Image 6. WIAALAINSA

m Waain

adndanfaniaid Indiae leag

e e

/" 3:01 PM

Buttons template ——» lugFarioatia

lugawaain

lusawaaia

Y Tusrawourin P
Read Qoo Read
m wn eyfiannuiviaaiiienunnung 9 Aanssufonua )

Faydan ldiauas R

LY b 2:59 PM
Yo

&

#n: https://thailandtourismdirectory.go.th s htep:/ /v 9

Carousel template

wAnnsuna e
— Image carousel template ————p
inannagua? WAYIALINAY
ihannaout WANALNRY
UAnSUARNLGN NYE
wuann Lith
U oumuii 1

Fig. 3 Types of response messages

A a =< o @ LN Yo S g
namsnagovdszaninmuazanuiane lalumsaoumniuon lula il'lﬂé*l“lﬁ]'lu:lu 110 AU

) ' ° ) 1 ° Ay Y
NWWﬂﬁﬂUﬂﬁiﬂfﬂuizuu ‘W‘lJ’Zn:i3‘]J‘1J’s’ﬂ§JﬁﬂGlﬂ‘1Jﬂ1mﬁJmmﬁ%nlﬂ Lmzulm’fﬁJﬁn@@‘]J‘UNmmﬁJﬂllllulﬂ’ﬂﬂ

U

H a 1 [ < o $ o
Tugdeyaiiosnuun 1318 nazinadennudlamuw higndes uaszuunannsadendaeuiaiamssian

(Y ]

memammmmmwmm% (intent) wiﬂazﬂﬂQﬂumﬂuaﬁﬁaé 196199ANUMDNLAZAINBUAI Table 1

QU
Y

Fafidommiedoyarsdaniisd ifiluszuudagiu mnmsnagevivzdelfinianuindudoyave

' a A ] vy Y] Y A 2
QV]EJ’]ulLﬂQG]ﬂ@LﬂJ’]iWﬂJLW@iﬂixUﬂﬁ']lnﬁﬂiﬁm@gaqﬂﬂiﬂﬂjuﬂ']ﬂﬂﬂmu

1076



a a o s ¥ A o a 2
fﬂﬁ‘ljﬁg“]gﬂJVlN'J"]ﬂﬂﬁ"’Uﬂ\iiJWTJVlEﬂﬁﬂLﬂB@lﬁﬁTﬁ@li AIIN 59 fﬂslﬂ1’]3WEﬂﬂi‘ﬁiﬂJ%WILLﬁZﬁ\iu’mgﬁm

Table 1 Sample of input and results from Dialogflow
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Y

v
' =1 o un A o ° <
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' Y
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Table 2 Levels of Satisfaction

Tourist National park staffs Overall

Evaluation topics n=97 n=13 n=110
X SD X SD X SD
Comfortable 4.21 0.69 431 0.63 422 0.68
Quickly reply 4.21 0.76 423 0.73 4.21 0.76
Cover information 3.98 0.71 3.62 0.96 3.94 0.75
Ease of use 4.26 0.74 3.77 0.83 4.20 0.76
Overall 4.24 0.69 4.00 0.58 4.21 0.68
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Abstract

In this study, three multi-amendment strategies for biostimulation, namely surfactant with biosolid, surfactant
with oil-degrading consortium, and surfactant with green waste, all with or without inorganic fertilizer, were examined for
their effectiveness of treating used mixed-oil contaminated soil. The contaminated soil contained 1130 mg kg-1
hydrocarbon in form of Total Petroleum Hydrocarbon (TPH). Surfactant with biosolid co-amendments and surfactant with
green waste co-amendments achieved 80-90% TPH removal. The addition of inorganic fertilizer to those treatments
stimulated the TPH removal to 95%, while surfactant single amendment reduced TPH to 42%. Co-addition of oil-degrading
consortium with surfactant exhibited no differences to surfactant single amendments. The addition of biosolid increased
substrate and bacterial density in soil. However, indigenous microorganisms proliferated in mixed-oil contaminated soil
when green waste and nutrients were added, resulting in stimulation of soil remediation without the addition of external
microorganisms.

Keywords: bioremediation, biostimulation, oil contaminated soil
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Abstract

Metronidazole (MNZ) is an antibiotic used among humans and animals. Contamination of MNZ in wastewater
and aquatic environment leads to antibiotic resistance of microorganisms. It is necessary to treat MNZ appropriately prior
to release into the environment. This research aimed to study the removal efficiency and factors affecting removal efficiency
in the treatment of MNZ containing in synthetic wastewater by using venturi-type ozonation process. The effects of 0zone
loading, initial concentration of MNZ and solution pH were investigated. The results showed that the increase of ozone
loading, reaction time and pH enhanced the MNZ removal efficiency of MNZ. While the increase of MNZ concentration
reduced the removal efficiency. An ozone loading of 72 mg/h, initial MNZ concentration of 40 mg/1 and solution pH of 9
and 3 were optimum condition for MNZ removal with a removal efficiency of 92% at 120 min. The study of reaction
kinetic indicated that reaction of MZN and ozone followed the pseudo-first order kinetic with a reaction rate constant (k)
0f 0.02 min™.

Keywords: antibiotic, metronidazole, ozonation, venture
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Treatment of oxytetracycline in wastewater by photocatalytic ozonation
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Abstract

This research studied factors affecting the performance of photocatalytic ozonation on removal of OTC
containing in synthetic wastewater. The system consisted of an ozone generator with a generation rate of 1.23 mg/min,
equipped with 9-watt UV-light. Factors affecting OTC removal efficiency including reaction time, initial concentration and
pH, were investigated. The result showed that OTC removal efficiency became higher as the reaction time increased. The
increase of OTC initial concentration reduced the removal efficiency. At initial concentrations of 10, 20 and 30 mg/1
(reaction time of 60 min. and pH of 9), OTC removal efficiencies by photocatalytic ozonation were 88.39%, 86.65%, and
78.77%, respectively. An increase of solution pH enhanced the removal efficiency. At pH of 4, 7 and 9, OTC removal
efficiencies were 59.08%, 66.19%, and 78.77%, respectively. Photocatalytic ozonation exhibited better performance on
OTC removal than ozonation alone. The study of reaction kinetic exhibited that degradation of OTC by photocatalytic
ozonation and ozonation alone followed the pseudo-first order reaction with the highest reaction rate constants (k) of 0.037
and 0.019 min™, at pH of 9.

Keywords: antibiotic, oxytetracycline, ozonation, photocatalytic ozonation
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yaunsfinatiamamsimuouiugedeen (Thicle-Bruhn and Beck, 2005) :1u3seiiauanwuaundudu
S Aa = = v A 9 a
¥94 OTC Tuunanisssumavetlszmaniul n3duenim 0.026 luTasniu/@ns awnigonsng 0.34-1.34

TuTasnswans Uszmeadu 0.084-484 luTlasnsu/ans vag dSuea 0.68 Tu1AsnSU/Aaa5 (Danner et al., 2019)
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1 1 1 |l 50’ = & % U 1
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sp. 0819 l5nauTiTesnAReYszanTaInMsdesaatsdsuludealinisldi iy cu® wag Fe* oy
Aa A a ] a Y a 4 1 =
U3z ANTNN (Qi et al., 2019) IFMsmandl 1wy Mmseendatulaeldarseondlad 1aun nassy lalasiou
I o a A Aa a a 1 1
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o @ I H [ a Y g’/ I
dodnavedleTeu Ao iua1sn luafes (Hsu etal,, 2001) N5zUIUMTOONTIATUTUGS (AOPs) 1T U5 1%
oyyadaszlumseondladailsz@nsnmlumsesndatuginiimsl¥mseonduauniiiioiediamen
Aa Aa . a aan 9 < a 4 [ k)
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a o . . I
Y5219 (Garcia etal., 2018) n5zuIUN T I Tauaaz lafinTe Tewiusu (Photocatalytic ozonation: PCO) 11l
~ 9 1 1% = o w a a %’ a = o Y a aaa a v A
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<3 = J Y a .d‘d a 4 2 a A o w
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Fig.1 Schematic diagram of photocatalytic ozonation
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@ounslanuduiusszrinanudutusunanduaumadudumuuuusiassmsiiasudulgasen

HazHIAAINBATIM AT (k) A9 Equation 1, 2 t1ag 3

Uz odudugud [0TC], = [OTC], - kt (1)
UPATe10UAUNII [0TC], = [0TC],e™ %30 In[OTC], = In[OTC], - kt )
Unsesuavang 1/[0TC], = kt + 1/[OTC], 3)

d
NaNazITUNANIINAAD S
msanfaseninadelseansnimnsita OTC A2en521UIUNT PCO

v ¥
1) HUaNTEeSIN DS A NN UYNU

MIANHINAVDITLEZIAAZA NI UTUT UAUARY T2 ANTA NI OTC ArenTLuIUT
PCO utlsmaNuEutuEuAUA 10, 20 uaz 30 Taaniunedns Moy 9 TaNana Fig.2 wuNmMsiinszezia
o w 1 Y a a o w é! A I A Y [l 1 A
msthiadwwalilsz@nsnmmsiniagaumiiesnniumsmuiSuna ToTeuldunszunedaeiiiowas
4 s s A 2 A o 2
e Te lsuazategnnizquaeudgiog e lalasnuleseon lad (H,0,) tazoandu (0,) iundadus
A Aaa VoA ° Y a A “ AA o v ad Yt
msinalfniereiiioswes H,0, ildinaoyyaleasonada (OH) Wiidneninlumssudianasou1da (Deng
and Zhao, 2015) eaawalrni151iia OTC Idpe1elidse@nTn1nunsavu einsanaveIn NNty
FUAUVD OTC WU MIuANUTTUaInalilszansammsrthiaanas Tasnanududu 10, 20 uag
30 Haansuseans 1lseantanmsthiiaminy 88.39%, 86.65% Lag 78.77% aua1al (1939109051013
a o a ~ o Y a . Yo o = a 4 9 ] o w A A
waama Lo Tyudiainani ldainsanan ol lasine eeendladars ldedrasinaluvaznlSaans

OTC WiNUU HANINAABIADAAADINY Beltran et al. (2008)

—&— 30 mg/L
0.8 20 mg/L
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(=3
<
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Fig.2 Effect of reaction time and initial concentration on OTC removal by photocatalytic ozonation

Note: O, generation = 1.23 mg/min, UV 9 watts, pH =9
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2) Haveiley
M3AnYIHavesTitevAelszansnnmsthtia OTC Aanududusudu Tadnsudeaas 3oudsm
fitowi 4, 7 uaz 9lanaduanslu Fig. 3 nunanngifeniuuaiivszaniamlumainiageniianie

v v 4
nya TagNiied 4, 7 uaz N1lszansn1nn131110 59 9.08%, 66.19% Lag 78.77% AN NIHLAIEITAIY

e ldinaeyya OH aelanaudd Uszneunumanuiiteydidwali Te Tewnanmsdateduazing

v
AA v

< . a % A ag & A 1A o q ¥ ~
Wy oH lidnenmmlumseend ladesdounidge vennntimaasumnlasmiiterild oTe Jzaluuy
TassadnTuanaitilszguanarenu iiesnnTuanaves OTC Ysznoudionyilansulansonda Hluedn
uaztodiu ¥ orc duasiiinalszavanuazalszeanluluana (Amphoteric antibiotic) TavA1 pKa U4
OTC NAUNINY 3.57, 7.5 118 9.44 (Mohsin & Mohammed, 2021) Tudn1znsana1ites@1nI 3.57 OTC o
. d‘d ' = g’z . . d’d
Tuzihlszquan (Cation) NOFILHIN 3.57-7.5 OTC UNszquinuazilszgay (Zwitterion) tazNALFIN
131 7.5 OTC ogluz1lils29au (Anion) JUuvvveslnssadieluanaiilinademsifalfiseriois Te Tau

3
uazeyya OH WaNINAaeIlaeAARDINUNMIANE1YDY Khatace et al. (2017)

—o—pH 4

0.8 b -
I pHO

0.6 =\

C/CO

- H
/

0.4

0.2 E,

0 10 20 30 40 50 60
Time (MIN)
Fig. 3 Effect of pH on OTC removal by photocatalytic ozonation

Note: O, generation = 1.23 mg/min, UV 9 watts, [OTC] = 30 mg/L

msAanyufSemiten3smsihia oTC

msanmfFeuieulsz@nnimnsiiia OTC @18n321IUMs PCO N3z 1IUMS 1o Twudi 1ay
wased shnsnadeulaslfh@edunsizdin oTc dudu 30 Tadnsuredns mifier 9 ldwamsnanoeds
ueraalu Fig. 4 MMIIATEENsasanY I mItniakaanis dalse ansawmsthafuand1ais
pd1afifod Ay issduanFeiiu 95% Taenszuaums pco 1dUsza@nammsiia oTc gania
nszuIums Te Tudunazms lduasgdifissediuder Taslilsz@ninimmstinia OTC M1Au78 .77%,
65.96% 1z 11.17% s ey esnnuaagisieduaiumsuandaves o, 1% ol shildszdnsamms

Y
o =2

11iAgeIu Fawamsnaaeddonnaodny Wang et al. 2)019)
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Fig. 4 OTC removal efficiencies by photocatalytic ozonation compared with ozonation and UV alone

Note: O, generation = 1.23 mg/min, [OTC]=30 mg/L, pH =9

4 a aan
msfinyIIauNarIaniveInsnalgnse
J a aaa o w A A o 1A
mMsfAnyIvauNamanivesmsifalfnseinisiiiia OTC Wutdu Hadniudedas uag fiew 9 30
aenszuaums PCo ulsuieunyTe Tanudunazuasgiifiesedufsr nunmsinalgiseimsaais OTC
v o v o % a 1 A o
A0ANZ0INUUDUTIA0IVAUNAF AT OUADH HUT 8 (Pseudo-first order kinetic) TA8AIAINEATINT
AlPATen (k) uaadlu Table 1 WuIURATE PCO UA1 k gand1Te Tsudunazuaguissadiauned lunn
fiow avldnanuuduaagilunszuiums peo Tauasumsuandrvesle TaurhIdinaeyya ol Nvh
aan @ 9 [ < dyo/ 1 4' = 3 [ a A g 9 ]
UfAe110 oTC 1dvd1959A157 uonnnildanuIniiefiorgeiy a1 k Taunugavudie Tagal k veq
U381 PCO N1RY 4, 9 1ag 7 A1 0.015, 0.018 tag 0.037 WM™ mwday dua k dmsulgnse le lanu
FUINEIDE19RYY TAUMIAD 0.002, 0.012 1Az 0.019 WA Mwdd oM daisdIved e lauludanig
1 ° Y Aa P A o <3 1 I a aaa
a1 linaeyya OH Hwiueas i lumsaais OTC diluaazilunsale lswnalgnse lasasa

AR o a

AUaMsoUNs g FoasImanalfnserroudieiniimsnalfns e OH' (Gottschalk et al., 2000)

Table 1 Kinetic study of OTC degradation by photocatalytic ozonation, ozonation alone and UV alone

pH Photocatalytic ozonation Ozonation alone UV alone
k (min’) R’ k (min™) R’ k (min’) R’
4 0.015 0.9075 0.002 0.9955 0.001 0.9463
7 0.018 0.9576 0.012 0.9521 0.002 0.9962
9 0.037 0. 8408 0.019 0. 9884 0.003 0.9766

Tun131f1aia OTC ArenszUIUMST PCO 8130 Iiinaa1sHanane’la (By products) ¥Haf149)

MIANYIVDI Yuan et al. (2017) 14ag Giler-Molina et al. (2020) W1 eswanaos ldninaannsiinia oTC
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Y

] I av A [] o
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v v, - o 2 y
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o 1 4 . . . Y a o J 9 g o
a018A20819911 78! (Complete mineralization) u,az'lﬂwammmqwmmﬂumm CO, ttag H,0
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Abstract

The study aimed to assess the amount of greenhouse gas emission from Pakkret City Municipality’s waste
management such as the domestic wastewater management and municipal waste management. The data was collected and
then calculated the amount of greenhouse gas emissions based on the organization's carbon footprint guidelines, which is
indicating the amount of its emission shown in Carbon Dioxide equivalent unit. The result has been found that the
greenhouse gas (GHG) emission from the wastewater management during May—October 2020 is in the range of 21,826.46—
25,188.51 kgCO,eq or 0.1200-0.1833 kgCOZeq/m3. The emission is mainly arising from electricity consumption. While
the GHG emission from the waste management from the fiscal years 2014 to 2020 is equal to 22,571.00, 23,565.17,
25,478.11,26,120.02, 29,857.81, 29,705.46 and 29,062.35 tCO,eq, respectively. And the GHG emission from the clinical
waste management from the fiscal years 2014 to 2020 is equal to 113.97, 122.70, 133.69, 132.13, 168.24, 198.67 and
202.11 tCO,eq, respectively.

Keywords: greenhouse gas, waste management, wastewater treatment
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Table 1 Greenhouse Gas Emission Coefficients

Activity Unit Emission Factor

(kgCO,eq./unit)
Gravity Wastewater Collection , ,
m 0.0373"

(medium city; 10,000-50,000 capita)

Electricity, grid mix kWh 0.4999°
Water Supply - Metropolitan Waterworks Authority m’ 0.7948"
Cation polymer kg 1.4300°
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Table 1 (continued).

Activity Unit Emission Factor

(kgCO,eq./unit)
Chlorine kg 1.0548"
6 Wheel Truck, small Size 8.5 tons (Full Load) ton-km 0.0677°
6 Wheel Truck, Small Size 8.5 tons (No Load) km 0.4273°
Mobile Combustion (On road) - Gas/Diesel Oil liter 2.7403"

Note: * = Emission Factor CFP (TGO, 2020a), * = Emission Factor CFO (TGO, 2020b)
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Table 2 Greenhouse Gas Emissions of Municipal Solid Waste Management during the Fiscal Years 20142020

Indirect GHG GHG per
Direct GHG Emissions
Year of Amount of  Year of GHG Emissions Total GHG ~ MSW Weight
Landfill MSW (ton) Emission CH, pmission GHG ¢,550n from Transport ~ (ton CO,eq)  (ton CO, eq/
(ton CH,) (ton CO, eq) (ton CO, eq) ton MSW)
2013 78,363.87 2014 902.84 22,571.00 - 22,571.00 0.2880
2014 81,815.52 2015 942.61 23,565.17 - 23,565.17 0.2880
2015 88,457.01 2016 1,019.12 25,478.11 - 25,478.11 0.2880
2016 90,685.65 2017 1,044.80 26,120.02 - 26,120.02 0.2880
2017 98,069.92 2018 1,129.88 28,246.90 1,610.91 29,857.81 0.3045
2018 97,891.03 2019 1,127.81 28,195.37 1,510.08 29,705.46 0.3035
2019 96,283.72 2020 1,109.30 27,732.43 1,329.93 29,062.35 0.3018

Note: The fuel consumption data of the garbage truck is not collected during the fiscal years 2014-2017.

A o A Aa £ @ ) v 2 = =
1IMIUTLLUMFTOUNTZINNAAVUIINMTIAMIVIENA 1) WU Aaualauilszanas 25572563 3
AUNINY 22,571.00, 23,565.17, 25,478.11, 26,120.02, 29,857.81, 29,705.46 11a% 29,062.35 tCO,eq MUAIAL 1Ay
= Y A A a X ~ Vo A ~
Yevilszana 2561 WullnimaisounszaninauuINNga MIN 29,857.81 tCO,eq 1110999523101 2560

meannag J5mavezin ligasuswludenauinniige fie 98,069.92 du wazilanlszana 2557 Wil

'
| =

2] A a g Y A = a A
NELIDUNTEINNAVUUBINGA IN1NU 22,571.00 tCO,eq esnnaudseuna 2556 INAUIDA N5umvee
A

A A o < 9 o

W lifgniauswludenauiesiiga Ao 78,363.87 du aziwiuldi WSmaverivh ludenauilufivddai

a bg
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Table 3 Greenhouse Gas Emissions of Clinical Waste Management during the Fiscal Years 2014-2020

Fiscal Years Amount of Clinical Direct GHG Indirect GHG Emissions Total GHG GHG per Clinical
Waste (ton) Emissions Emission Waste Weight
GHG Emission from Transport (ton CO,eq/yr) (ton CO, eq/
(ton CO,eq/yr) (ton CO,eq) ton Clinical Waste)
2014 194.19 113.97 - 113.97 0.5869
2015 209.07 122.70 - 122.70 0.5869
2016 227.79 133.69 - 133.69 0.5869
2017 225.12 132.12 - 132.13 0.5869
2018 253.09 148.54 19.70 168.24 0.6648
2019 304.13 178.50 20.17 198.67 0.6532
2020 303.04 177.86 24.25 202.11 0.6669

Note: The fuel consumption data of the garbage truck is not collected during the fiscal years 2014 — 2017.
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Fig. 2 Greenhouse Gas Emissions of Clinical Waste Management during the Fiscal Years 2014 - 2020
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Table 4 Greenhouse Gas Emissions of Wastewater Management during May—October 2020

Activity GHG Emissions (kg CO,eq)

May 2020 Jun 2020 Jul 2020 Aug 2020 Sep 2020 Oct 2020

Scope 1 Direct GHG Emissions

Wastewater Collection 5,126.95 6,804.94 5,659.16 7,065.44 6,784.09 6,875.36
Wastewater Treatment —Do not emit greenhouse gases —(Activated Sludge Process)
Total Scope 1 Direct GHG Emissions 5,126.95 6,804.94 5,659.16 7,065.44 6,784.09 6,875.36

Scope 2 Energy Indirect GHG Emissions
Electricity from PEA 19,496.10  17,496.50 16,996.60 17,996.40 14,497.10 17,496.50
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Table 4 (continued).

Activity GHG Emissions (kg CO,eq)

May 2020 Jun 2020 Jul 2020 Aug 2020 Sep 2020 Oct 2020

Total Scope 2

19,496.10  17,496.50 16,996.60 17,996.40 14,497.10 17,496.50

Energy Indirect GHG Emissions
Scope 3 Other Indirect GHG Emissions
Water Supply (MWA) 85.84 142.27 70.74 72.33 66.76 67.56
Chlorine Use 316.44 316.44 326.99 326.99 316.44 326.99
Cation Polymer Use 135.85 17.16 143.00 157.30 143.00 114.40
Sludge Transport 27.33 6.59 23.91 25.05 19.07 17.24
Total Scope 3

565.45 482.46 564.64 581.67 545.27 526.19
Other Indirect GHG Emissions
Total GHG Emissions (Scope 1+2+3) 25,188.51  24,783.90 23,220.39 25,643.51 21,826.46 24,898.05
Total GHG Emissions per

0.1833 0.1358 0.1530 0.1354 0.1200 0.1351

Wastewater Unit (kg CO, eq/mJ)
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Abstract

The research has the objective to assess greenhouse gas (GHG) emissions caused by transportation of students
and staff in Ubon Ratchathani University for developing sustainable transportation. From the total population of 17,501,
this study evaluated GHG emissions from commuting behaviors of 400 students and staff in 2020 from online survey. The
study was divided into two parts. First, the results found that most students and staff commuted by motorcycles at 82.00%,
followed by cars at 14.00%. The total GHG emissions from transport were equivalent to 1,035.70 tCO,eq/year. GHG
emissions caused by motorcycles were 663.84 tCO,eq/year and by personal cars were 337.09 tCO,eq/year, accounted for
64.09% and 32.55% respectively, calculate GHG by the bottom—up method according to manual of Thailand greenhouse
gas management organization (Public Organization). Second, the results also revealed that most students and staff (55.00%)
preferred the electric shuttle bus in the university as an alternative for sustainable transport in the university, followed by
developing footpath and bike lanes (23.80%). In conclusion, the results of this research revealed that the electric shuttle
bus was the suitable alternative for sustainable transport in the university.

Keywords: greenhouse gas, transportation, university
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Table 1 Emission factor of fuel type

Fuel of type Unit Emission factor
Motor Gasoline — uncontrolled' Liter 2.2373
Gas/Diesel Oil' Liter 2.7403
Liquified Petroleum Gas' Liter 1.7273
Gasohol 91/95° Liter 1.9632
Gasohol E 20 Liter 1.7449
Gasohol E 85° Liter 0.3270

Note:'Greenhouse Gas Management Organization (Public Organization) (2020); ’Office of Planning and

Transportation and Traffic Policy (2019)
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1AL 2 MNAIAY LLEAIAY Table 2

Table 2 Number and percentage of respondents classified by travel

Type of vehicle Number of people Percent
Motorcycle 328 82.00
Personal car 56 14.00
Pick-up truck taxi 8 2.00
Bicycle 8 2.00

Total 400 100
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Table 3 The greenhouse gas emission from transportation in Ubon Ratchathani University

Personal transportation Public transportation
Commuting distance Motorcycle Car Pick-up truck taxi
GHGs Percent GHGs Percent GHGs Percent
(tCO,eq/year) (tCO,eq/year) (tCO,eq/year)

Home to University 267.99 40.37 124.36 36.89 - -
Within University 395.85 59.63 212.73 63.11 34.77 100

Total 663.84 337.09 34.77

Total 1,035.70

=Y 1 [ § a g a o a @
nndTmnamsdassmaiiounszaniinaluINMIIAUNIVENINANYILAZ YADINTUHIING1HE
=\ 1A A (22 A d‘ a g [ 4 U o 3 1 d’
9UATIFHIU WUNUUTMUMHFTOUNTLINTUAATUIINTOTNTIIUIUANINANTDUATIY 2 1111 1103910
= a 9 [ & I 1 [] [ Y a a" 1 9 A
UnAnyIazynaIns M 1ssadnserueuailudiuInguazmduilszsdnsmalassmassounszanvea
s ' 3 o A ' ) s % < 2 Ay Vo o a £
snguataE T una IuMaden 15U una lygea E 20 uay una 18ea E 85 ala1tiosnNaaulseans
1 [ A o R 1 dy Y % A I A & o A
M31aeeMHToUNTZINVDITOINTIUSUA 9U9F 1821 wasnumudeniludanitialadenyielunsan
=Y (22 A d‘ a g a 1 [ a v A A 1 (22 A
UFumMHTounszaninavy LazmMauN19senNOI UM lunInerasidsuansdasemaiseu
] Y
N32INGINIIMIAUNNNNNHNDIPAMINOUTNNIMIIAUNNAIOTDINTIIUBUALAZTDOUA d9019na12 18N
MINNMITIATOUTNMTAFITUESY - dameluuriInerds vsomsauasuliinamaaunialasluls
d' o @ a Y A [ ] =y (22 A d‘ a a
IATDIIUA IAIATWAILINIUAMNINTON1INT U 2388l IUMFSoUNTZINTNAAIIANITLAUNIG
Y ¥
seneiuiiadld iiesnneimsisounazamzai q dulugegluuinalndifesiunaziszeznialilng
110
A a = =y 1 9 A A a g a a [
WworlFeumeumsanulsuansdacemMaiTounIanNnavuNmMsAuN Mg Uy INe 18y

o AR

a o A ' a v [ = ' 2 A a 3
VOINNIING 1B EDY ‘WU’NZJ‘HYNIEﬂﬂfJiW%ﬂg“ﬂﬂﬂuﬁﬂHWﬂiM1mﬂﬁﬂﬁﬂfJﬂW“Iﬂ%’f]uﬂigfﬂﬂ‘mﬂﬂ%lﬁnﬂﬂﬁ

U
E4

a ) =2 < 9 (9 [ =2 = 1 2] A
IAUNNMINUA 3 NIANITANH Tﬂﬂlﬂﬂm@gﬂﬂﬁﬂﬂ% 7 7u@e 1 mamsany1 wunldsnamsdassmaisou

v

|1 9
NILINNINDY 1,500.00 tCOzeqﬁJ C?QNWTJ'I/IEﬂﬁﬂiﬂmaﬂfﬂﬂllflﬂigslﬂﬂﬂ/lﬁﬁllﬂ 6,499 AU ‘H%@ﬂﬂﬂinWﬂlﬂWﬁ

U

YassmaiFounszaniinanonuminy 0.23 tCO,eq/l Tasliszazmamnaslumsdumaniny 4.34 flawas/

9 H
Y v ~ @

T 119NN INdes 1w Y Fegiitiganaseseinsiseunienu Jaims IFerummuzi@unianielu
a =T & a v o S0 o o1 Y a
wiIneaedusiunnainsunedissainseuesuaganedosas 96.03 wazds lilims1iusnssn
1 a o 1 1 a 4 A a g a = 4
yudsdssazmeluuinineds Jedawanelsuumasounszan ey (7374 1ag g, 2562) 1o
= o a Y = ' a o A A 1 A Aa £ g9
n3euMeuAININGId8gUATIFTIHNUNUNIINGAeUa ¥ IUTUTNUMETounssInNUAATUT DY
A lesnntiszezmelumsmuniaivesnin uazlivedunimsAun1eaIesndo w0 ez I0IN501U
M13d1529A0A89MT TUA UM TNAIUINFYUFI0E19698UVDINMIINGIAOQUATIFEIT WU

v
@ o

= ' a v A o ' ' A VA YA
uﬂﬁﬂmumuﬂaWﬂiﬁauiﬁiguﬂ’mm’eNmﬂmimmiwmmmiﬂmmaEJNENfJu Tﬂﬂ‘W‘]J'JnJQLﬂﬂﬂﬂTﬁ

1121



a a o s ¥ A o a 2
fﬂﬁ‘ljﬁg“]gﬂJVlN'J"]ﬂﬂﬁ"’Uﬂ\iiJWTJVlEﬂﬁﬂLﬂB@lﬁﬁTﬁ@li AIIN 59 fﬂslﬂ1’]3WEﬂﬂi‘ﬁiﬂJ%WILLﬁZﬁ\iu’mgﬁm

o Yt ' = a o vy A o 2] A Aa X
wmuﬂwmmmumma%u'lﬂ%gm 220 A AnuSosaz 55.00 Wam UMY NUMHToUNTZINTLAATY

A~ o Y 1 1A A 9] A ~ o
LME]llfﬂiiW%u11ﬂhiﬂﬂ]uﬁﬂh’3ﬂ°}fqu1ﬁ1 nuNNYTIamsseuUnszInanad 577.53 tCOzeq/ﬂ SRNBIERTRE

1 v
9

@ A Aa X A v o Yt o ) o
ﬂmiauﬂimﬂmﬂmumﬁmiuﬂﬂﬁﬂm ﬂ'ﬂlm'fNﬂTﬁﬂTﬁ‘W@ﬂﬂgh’iMﬂ?ﬁﬂﬁﬂﬂ?\i‘ﬂﬁl‘ﬂnm$1’n\ﬁ]ﬂifﬂu 95
v Y

a g 9 Y o A a ' A a XK a a
AU ﬂﬂlﬂu@iﬂﬂﬂz 23.80 Llagg‘l"ﬂﬂﬂlaﬂﬂﬂTﬁlﬂuVﬂﬂIﬂﬂﬁﬂﬁjuuﬂﬂﬂuagﬁﬂﬁ@ﬂllﬂ?ﬂlﬂﬂﬂ]u@n\lﬂﬂﬁ 85 AU AA

Fludeesaz 21.20 naaalu Table 4

Table 4 Choices of sustainable transport in Ubon Ratchathani University

Type of transportation Number of people Percent
Electric vehicle 220 55.00
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