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Appendix 4. Inventory data of preliminary design of multi-feedstock biodiesel plant scenario 1

Scenario 1
Oil pretreatment Multi-feedstock biodiesel conversion (scenario 1)
_ _ Esterification Transesterification
Categories Parameter Unit Pretreatment of a Steam & . . of a mixture of Wastewater
. Pretreatment Anaerobic  Pretreatment  of a mixture
mixture of CSO, of CPO power digestion of UCO of CPO & CSO, CCO, treatment
CCO, & CSFO production CSFO, CPO & unit
uco
uco

Input material ~ Soybean seeds T/hour 1.2 - - - - - - -

and energy Canola seeds T/hour 0.5 - - - - - - -
Sunflower seeds T/hour 0.6 - - - - - - -
Steam kd/hour 25x103 12x103 - - - 16x10° 54x10* -
Electricity kWh 11.2 6.71 - - 0.75 58.5 62.9 20
HsPO4 ka/hour 9.27 4.46 - - - - - -
FFB T/hour - 11 - - - - - -
uco T/hour - - - - 0.2 - - -
H2S04 kg/hour - - - - - 0.24 - -
Methanol kg/hour - - - - - 89.2 250 -
CaO kg/hour - - - - - 0.13 - -
NaOH ka/hour - - - - - - 13.8 -
Water ka/hour - - - - - - 255 -

Output A mixture of CSO,

productand ~ CCO, & CSFO kg/hour 665 ; ; ) ; ; 665 ;

co-product Soybean meal kg/hour 918 - - - - - - -
Canola meal kg/hour 291 - - - - - - -
Sunflower meal ka/hour 337 - - - - - - -
CPO kg/hour - 257 - - - 257 - -
Cake kg/hour - 57.8 - - - - - -
Kernel kg/hour - 82.5 - - - - - -
Shell ka/hour - 825 825 - - - - -
Fiber kg/hour - 193 193 - - - - -
Empty fruit bunches kg/hour - 330 - - - - -
Fly ash kg/hour - - 66.1 - - - -
POME kg/hour - 118 - 118 - - - -
uco kg/hour - - - - 199 199 -
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Scenario 1

Oil pretreatment

Multi-feedstock biodiesel conversion (scenario 1)

Esterification Transesterification

Categories Parameter Unit Pretreatment of a Steam & . . of a mixture of Wastewater
. Pretreatment Anaerobic  Pretreatment  of a mixture
mixture of CSO, of CPO power digestion of UCO of CPO & CSO, CCO, treatment
CCO, & CSFO production CSFO, CPO & unit
uco
uco
Esterified oil from a
mixture of CPO & ka/hour - - - - 514 514 -
uco
I\/_Iult_l-feedstock T/hour i i i i i 1 i
biodiesel
Glycerol kg/hour - - - - - 104 -
Emissions Water emissions: -
Organic waste kg/hour 54.8 - - 38.9 - 432 432
Inorganic waste ka/hour 12.8 - - - - 412 412
Organic waste from
retreatment of a
ﬁ]ixture of CSO, kg/hour ) i 54.8 i i ) i
CCO, & CSFO
Inorganic waste from
retreatment of a
Ewixture of CSO, kg/hour ; ; 128 ; ; ; ;
CCO, & CSFO
Organic waste from
pretreatment of UCO kgfhour i i 38.9 i i i i
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Appendix 5. Inventory data of preliminary design of multi-feedstock biodiesel plant scenario 2

Scenario 2

Oil pretreatment

Multi-feedstock biodiesel conversion (scenario 2)

Pretreatment

Transesterifi

Esterification

Transesterif

Categories Parameter Unit . Pretreat Steam & . cation of a . icationofa  Wastewater
of a mixture ment of power Ahaerc_Jblc Pretreatme mixture of of a mixture mixture of treatment
of (;sgécho, CPO  production  Jigestion  ntofUCO  nor oy O Szg & crPO & unit
& CSFO uco
Input Soybean seeds T/hour 1.2 - - - - - - - -
material and  Canola seeds T/hour 0.5 - - - - - - - -
energy Sunflower seeds T/hour 0.6 - - - - - - - -
Steam kd/hour 25x103 12x103 - - - 12x103 16x103 61x10* -
Electricity kWh 11.2 6.71 - - 0.75 56.2 58.5 62.9 20
H3PO4 kg/hour 9.27 4.46 - - - - - - -
FFB T/hour - 11 - - - - - - -
UCoO T/hour - - - - 0.2 - - - -
H2SO04 kg/hour - - - - - - 0.24 - -
Methanol kg/hour - - - - - 150 89.2 150 -
Ca0 kg/hour - - - - - - 0.13 - -
NaOH kg/hour - - - - - 8.85 - 4,91 -
Water ka/hour - - - - - 154 - 101 -
Output A mixture of CSO, CCO, &
productand  CSFO kg/hour 665 i i i i 665 i i i
co-product Biodiesel from a mixture of
' CS0, CCO, & CSFO kg/hour ) ; ) ) ) 603 ) )
Soybean meal kg/hour 918 - - - - - - - -
Canola meal kg/hour 291 - - - - - - - -
Sunflower meal kg/hour 337 - - - - - - - -
CPO kg/hour - 257 - - - - 257 - -
Cake kg/hour - 57.8 - - - - - - -
Kernel kg/hour - 825 - - - - - - -
Shell kg/hour - 825 82.5 - - - - - -
Fiber kg/hour - 193 193 - - - - - -
Empty fruit bunches kg/hour - 330 - - - - - -
Fly ash kg/hour - - 66.1 - - - - -
POME kg/hour - 118 - 118 - - - - -



Scenario 2

Oil pretreatment

Multi-feedstock biodiesel conversion (scenario 2)

. . Pretreatment Trar?sesterifi Esterification '_I'rar?sesterif
Categories Parameter Unit . Pretreat Steam & . cation of a . ication ofa  Wastewater
of a mixture ment of power Apaergblc Pretreatme mixture of of a mixture mixture of treatment
of zs((:)écho, CPO  production ~ dgestion  ntofUCO oo mog O Szg & crPO& unit
& CSFO uco

uco kg/hour - - - - 199 - 199 -

Esterified oil from a

mixture of CPO & UCO kgfhour ’ i i ) ’ ’ S14 S14 )

Biodiesel from a mixture of

CPO & UCO kg/hour - - - - - - - 397 -

Multi-feedstock biodiesel T/hour - - - - - - - - -

Glycerol ka/hour - - - - - 65.7 - 385 -

Emissions Water emissions:

Organic waste ka/hour 54.8 - - - 38.9 246 - 186 432

Inorganic waste kg/hour 12.8 - - - - 2.28 - 1.84 412

Organic waste from

pretreatment of a mixture of  kg/hour - - - 54.8 - - - - -

CSO, CCO, & CSFO

Inorganic waste from

pretreatment of a mixture of  kg/hour - - - 12.8 - - - - -

CSO, CCO, & CSFO

Organic waste from kg/hour i i i 389 i i i i i

pretreatment of UCO
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Appendix 6. Inventory data of preliminary design of multi-feedstock biodiesel plant scenario 2

Scenario 3
Oil pretreatment Multi-feedstock biodiesel conversion (scenario 3)
Categories Parameter Unit Pretreat  Pretreat  Pretreat  Pretreat Steam & An:?lerob Pretreat  Esterific  Esterific Trfir.lses.t Trfir.lses.t Trfar']ses't Trfalr)ses.t Trfar.]ses.t Wastew
power ic . . erificati  erificati  erificati  erificati  erificati ater
mentof  mentof mentof  mentof producti  digestio mentof  ationof  ation of on of on of on of on of on of treatmen
cs0 cco CSFO cPO on n uco cPO uco CSO CCco CSFO CPO uco t unit
Input Soybean seeds T/hour 1.2 - - - - - - - - - - - - - -
material and  Canola seeds T/hour - 0.5 - - - - - - - - - - - - -
energy Sunflower seeds  T/hour - - 0.6 - - - - - - - - - - - -
Steam ki/hour  89x10? 81x10? 81x10? 12x103 - - - 59x10? 65x102 84x102 72x10? 72x10? 91x10? 68x10*
Electricity kWh 6.71 6.71 6.71 6.71 - - 0.75 58.5 58.5 56.2 56.2 56.2 56.2 62.9 20
H3PO4 kg/hour 4.82 2.15 2.30 4.46 - - - - - - - - - - -
FFB T/hour - - - 11 - - - - - - - - - - -
uco T/hour - - - - - - 0.2 - - - - - - - -
H2S04 kg/hour - - - - - - - 0.21 0.04 - - - - - -
Methanol kg/hour - - - - - - - 75.6 13.6 70 70 70 70 70
CaO kg/hour - - - - - - - 0.11 0.02 - - - - - -
NaOH kg/hour - - - - - - - - - 3.26 2.97 2.62 2.94 1.97 -
Water kg/hour - - - - - - - - - 51.1 49.7 53.1 56.8 44.4 -
Output Soybean meal ka/hour 918 - - - - - - - - - - - - - -
productand CSO kg/hour 223 - - - - - - - - 223 - - - - -
co-product Canola meal kg/hour - 291 - - - - - - - - - - - - -
CCco kg/hour - 215 - - - - - - - - 215 - - - -
Sunflower meal  kg/hour - - 337 - - - - - - - - - i, , ;
CSFO kg/hour - - 227 - - - - - - - - 227 - - -
CPO kg/hour - - - 257 - - - 257 - - - - - - -
Cake ka/hour - - - 57.8 - - - - - - - - - - -
Kernel kg/hour - - - 82.5 - - - - - - - - - - -
Shell kg/hour - - - 82.5 82.5 - - - - - - - - - -
Fiber kg/hour - - - 193 193 - - - - - - - - - -
E::]r;thyezrun kg/hour - - - 330 - - - - - - - - - - -
Fly ash kg/hour - - - - 66.1 - - - - - - - - - -
POME kg/hour - - - 118 - 118 - - - - - - - - -
Uco kg/hour - - - - - - 199 - 199 - - - - - -



Scenario 3

Oil pretreatment

Multi-feedstock biodiesel conversion (scenario 3)

Categories Parameter Unit Pretreat  Pretreat  Pretreat  Pretreat Steam & A”?e“’b Pretreat  Esterific  Esterific Trgr_\ses_t Trgr_\ses_t Trgr_lses_t Tr,_slr_lses_t Trgr}ses_t Wastew
power ic . . erificati  erificati  erificati  erificati erificati ater
mentof mentof mentof  mentof oroducti  digestio ment of  ationof  ation of on of on of on of on of on of treatmen

€SO cco CSFO CcPO on n uco cPO uco CsO Ccco CSFO CPO uco t unit

Esterified oil

from CPO kg/hour - - - - - - - 313 - - - - 313 - -

Esterified oil

from UCO kg/hour - - - - - - - - 201 - - - - 201 -

CSO biodiesel ka/hour - - - - - - - - - 200 - - - - -

CCO biodiesel kg/hour - - - - - - - - - 195 - - - -

CSFO biodiesel  kg/hour - - - - - - - - - - - 208 - - -

CPO biodiesel ka/hour - - - - - - - - - - - - 223 - -

UCO biodiesel kg/hour - - - - - - - - - - - - - 174 -

Glycerol kg/hour - - - - - - - - - 22.3 21.4 22 20.9 17.6 -

Emissions Water

emissions:

Organic waste kg/hour 26.7 14.3 13.9 - - - 38.9 - - 82.3 79.8 84.2 105 81 432

Inorganic waste  kg/hour 7.23 2.69 2.87 - - - - - - 0.76 0.76 0.76 1.04 0.81 4,12

Organic waste

from

pretreatment of kg/hour i i i ) ) 26.7 i ) ) . . - - - -

CSO

Inorganic waste

from

pretreatment of kg/hour i i i i i 1.23 i i i . . . - - .

CSO

Organic waste

from

pretreatment of kg/hour i i i ) ) 143 i ) ) . . - - - i

CCO

Inorganic waste

from kg/hour - - - - - 2.69 - - - - - - - - R

pretreatment of
CCO
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Scenario 3

Oil pretreatment

Multi-feedstock biodiesel conversion (scenario 3)

Categories Parameter Unit Pretreat  Pretreat  Pretreat  Pretreat Steam & A”?e“’b Pretreat  Esterific  Esterific Trgr_\ses_t Trgr_\ses_t Trgr_lses_t Tr,_slr_lses_t Trgr?ses_t Wastew
power ic . . erificati  erificati  erificati  erificati erificati ater
mentof - mentof - mentof  ment of producti  digestio ment of ation of - ation of on of on of on of on of onof  treatmen
cso ceo CSFO CPO on n uco cPO uco CsO Ccco CSFO CPO uco t unit
Organic waste
from
kg/h - - - - - 13. - - - - - - - - -
pretreatment of g/hour 3.9
CSFO
Inorganic waste
from
pretreatment of kg/nour ) } - - - 2.87 - - - - - - . 3 )
CSFO
Organic waste
from kg/hour - - - - - 38.9 - - - R . _ } ) i

pretreatment of
uco
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Scientific Mechanism of the Occurrence of
Environmental Impacts

Scientific mechanisms of compounds and activities in the life cycle of biodiesel production

that have an impact on the environment.

1. The formation of N2.O from the use of urea which has an impact

on global warming potential

The use of urea fertiliser can cause N20 gas emissions through the nitrification and
denitrification processes. Nitrification is the process of converting ammonium to nitrate

through 2 stages of biological oxidation, namely:

Change of ammonium to nitrite, the reaction:

Nitrosomonas
2NHf +302 — 2NO; +4H* + 2H20 (1)

Change of nitrite to nitrate, the reaction:

Nitrobacter
2NO; + 02 — 2NO3 (2)

Denitrification is the process of reduction of nitrate to nitrogen gas (Reece et al. 2014). Nitrate
(NO3), which is used as an alternative electron acceptor in anaerobic respiration, is reduced to

nitrogen gases such as (N2, NO, or N20) (Madigan et al. 2012). The reaction is as follows:

Pseudomonas
2NO3; —* 2NO2 — 2NO — N20 — N2 (3)

The global warming potential (GWP) caused by N20 gas is 298 times larger than that of CO2

(IPCC 2006; Siangjaeo et al. 2011).
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2. Global warming potential due to carbon emissions

The activities of the biodiesel industry and power plants, such as steam power plants, urea
plants, methanol plants and so on, are still using coal as fuel which can emit fossil COz, sulfur
dioxide (SO2), and nitrogen oxides (NOx) (Figure 1) (Silalertruksa & Gheewala, 2012;
Wahyono et al., 2019). Transportation such as trucks in the biodiesel industry also contributes
to high CO2 emissions (Figure 1) because it uses diesel fuel (Siregar et al., 2015; Wahyono et

al., 2019).

Transportation

Industry of biodiesel and
electricity generation

Figure 1. CO2 emissions from biodiesel production, electricity generation, and transportation

CO2 emissions will be released into the air and eventually in the earth's atmosphere. The CO2
in the atmosphere layer will reflect the sun's infrared radiation back to the earth. The sun's
infrared rays that are reflected back to the earth will cause the earth's temperature to increase
and eventually cause global warming (Soden, 2005). Illustration of the process of global

warming is shown in Figure 2.
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CO:z2 in the atmosphere

Infrared ray

Earth's
temperature
increase

Figure 2. The process of global warming potential

3. Eutrophication due to the use of urea and phosphate fertilisers

Eutrophication due to the use of urea and phosphate fertilisers shown in Figure 3.

= uea Eutrophication Process
NH:CONH: + H:0 y NH+ o
NH; +H:0 NH,OH
NH,OH @+0H-
N and P fertilisers = Tsp @
Ca(H:POu): Ca(OHp + :H:PO:
{\ HsPO. —_— 3H" »

Anaerobic

Nitrosomonas

INH} +301 —— 2NOj +4H* + 2H20

HNO; 0 = H o + NO3 gy Nitrobacter
2NO; +02 —— @

Aerobic

Pseudomonas
2NO; —* 2NO; — 2NO — N:0 — N;
i

Figure 3. Eutrophication due to the use of urea and phosphate fertilisers

When it rains, the residual urea and phosphate fertilisers not absorbed by oil palm trees will be
transported away by surface water flows and entering the lake, marking the beginning of
eutrophication. The lake has excessive amounts of nitrogen and phosphorus, which act as

fertilisers for water hyacinth, algae, and microalgae (Figure 3).
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4. Acidification and ecotoxicity occur due to acid rain

Acidification and ecotoxicity occur due to acid rain shown in Figure 4.

ACID RAIN

\%. S < i H20
H.SO, ' HNO,
l Industry of

Trees killed

by acid rain SO, biodiesel and
electricity
B + generation
Ecotoxicity A

7 /

Acidification evaporation

Figure 4. Acidification and ecotoxicity occur due to acid rain

NO2 and SOz emissions will ascend into the air and environment as a result of coal burning in

electricity generation. NO2 and SOz chemicals react with precipitation to generate H2SO4 and

HNOs when it rains. H2SO4 and HNOs precipitate with rainfall on terrestrial, freshwater, and

marine. As a consequence, it will result in the acidification of terrestrial, freshwater, and

marine, as well as ecotoxicity in terrestrial, freshwater, and marine (Figure 4).
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Summary

Effective biodiesel storage has proven to be an issue, with the Indonesian government investing
billions of Indonesian rupiahs (IDR) to address. As a result, it is critical to explore how different
storage strategies impact the quality of biodiesel. The goal of this research was to see how
storage at room temperature in the dark affects the quality of palm oil biodiesel (POB) and
canola oil biodiesel (COB). POB and COB were kept for 12 months in airtight containers at 22
°C in the dark. The findings revealed that POB was substantially more damaged than COB.
This study discovered increases in density (POB by 51.52 kg/m® and COB by 17.52 kg/m?),
kinematic viscosity (POB by 0.67 mm?/s and COB by 0.32 mm?/s), and kinematic viscosity
(POB by 0.67 mm?/s and COB by 0.32 mm?/s), acid value (POB by 0.27 mg-KOH/g and COB
by 0.25 mg-KOH/g), total glycerol (POB by 0.58 %-mass and COB by 0.60 %-mass), and
peroxide value (POB by 48 meg-O2/kg and COB by 54 meg-0O2/kg), however fatty acid methy!l
esters decreased (POB by 7.11 %-mass and COB by 9.36 %-mass). The findings of gas
chromatography-mass spectrometry for POB and COB revealed decreases in 9-octadecenoic
acid methyl ester and 9,12-octadecadienoic acid (Z,Z)-methyl ester and increases in 9-
octadecenoic acid and 9,12-octadecadienoic acid (Z,Z)-methyl ester (Z,Z). As indicated by the
findings of this study, the storage of biodiesel in a closed container at 22 °C in the dark may
reduce biodiesel oxidation, particularly, the negligible development of ketone and aldehyde

groups in the biodiesel oxidation process during storage, based on FTIR measurements.

If not handled appropriately, the production of palm oil biodiesel in Indonesia has the potential
to damage the environment. As a result, we performed a life cycle assessment (LCA) research
on the production of palm oil biodiesel to evaluate Indonesia’'s environmental performance.
Using an LCA methodology, we examined environmental indicators such as the carbon

footprint, as well as the impact on human health, ecosystem diversity, and resource availability
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in the production of palm oil biodiesel. In this investigation, one ton of biodiesel used as the
functional unit. The palm oil biodiesel production life cycle consists of three processing units:
oil palm plantation, palm oil production, and biodiesel synthesis. The oil palm plantation was
discovered to be the processing unit with the largest environmental effect. The environmental
benefits, namely the usage of phosphate, generated 62.30 % of the total environmental benefit
of the CO2 uptake from the oil palm plantation processing unit (73.40 %). The entire human
health damage caused by the palm oil biodiesel production life cycle was 0.00563 DALY,
whereas the total environmental diversity degradation was 2.69x107° speciesyr. Finally, we
determined that the oil palm plantation processing unit was the largest contributor to the carbon
footprint, human health damage, and ecological diversity damage, whereas the biodiesel

production processing unit caused the most damage to resource availability.

This study was carried out to produce biodiesel from a mixture of five different oils, namely
palm oil, used cooking oil, soybean oil, canola oil, and sunflower oil, using transesterification
at varying mole ratios of oil:methanol. The oils were combined in a total volume of 300 mL,
using the same amount of each oil. The transesterification of blended oils was carried out at
60°C for 1 hour, with the oil:methanol mole ratios adjusted at 1:3, 1.6, 1:9, 1:12, and 1:15. The
results showed that mole ratios of 1:6 produced the best yield of 92.99% with a conversion of
99.58% mass. According to the gas chromatography-mass spectrometry (GCMS) data, all mole
variants had a methyl ester percentage of greater than 98 percent area. For all variants, the FTIR
analysis found peaks indicating the existence of a methyl ester functional group and its long-
chain (-R). The methyl ester concentration, density, acid value, and total glycerol test
parameters all satisfied ASTM D 6751, EN 14214, and SNI 7182-2015 quality requirements.
As a result of this research, multi-feedstock biodiesel appropriate for industrial-scale

applications was successfully created.
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Future industrialization is possible for the existing laboratory-scale synthesis of biodiesel from
numerous feedstocks. Therefore, the energy balance of biodiesel synthesis from many
feedstocks must be examined. This research compares the energy balance of palm oil biodiesel
production in Indonesia to that of multi-feedstock biodiesel production. According to the
energy balance analysis, the biodiesel multi-feedstock plant is operationally viable. Multi-
feedstock biodiesel's renewability is 2.62 whereas palm oil biodiesel's is 5.27. The energy
content and demand of multi-feedstock biodiesel (and its co-products) are much lower than
palm oil biodiesel (and its co-products). Multi-feedstock biodiesel has less energy than palm
oil biodiesel, 86,159 MJ against 110,350 MJ, respectively. The energy requirements for the
manufacturing of biodiesel from several feedstocks and biodiesel from palm oil are 35x10° MJ
and 23x10° MJ, respectively. Energy requirements, both fossil and biomass, are due to
plantation activities, such as the application of fertilisers. Multiple crop plantations use more
energy than single crop plantations because they need more fertilisers. It is not recommended
to generate biodiesel from sunflower, canola, and soybean since its energy balance is not

superior than palm oil biodiesel.

The production of biodiesel from multiple feedstocks, which is now being done on a laboratory
scale, has the potential to be scaled up to an industrial size in the future. As a result, research
on the environmental effect of multi-feedstock biodiesel production is required. This study
compares the environmental performance of simulated multi-feedstock biodiesel production to
palm oil biodiesel production in Indonesia. In general, the environmental effect of multi-
feedstock biodiesel production is greater during the planting stage than palm oil biodiesel
production. The conversion of scrubland to various crop plantations (soybean, canola,
sunflower, and oil palm) resulted in a contribution of 9.89 tCO2 GHG emissions per tonne of
biodiesel generated, but the conversion to exclusively oil palm plantation resulted in a value of

-3.43 tCO2. Many environmental consequences, such as ecotoxicity, eutrophication,
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acidification, and global warming, are associated with plantation operations, notably fertiliser
usage. Multiple crop farming is more damaging to the environment than oil palm agriculture
alone since it requires more fertiliser. It is not suggested utilising soybean, canola, and
sunflower to produce multi-feedstock biodiesel since it has a larger environmental impact than

palm oil biodiesel.

Investigating the environmental damage of multi-feedstock biodiesel production is necessary.
This study compares the environmental performance of simulated multi-feedstock biodiesel
production to palm oil biodiesel production in Indonesia. In general, multi-feedstock biodiesel
production causes more environmental impact during the planting stage than palm oil biodiesel
production. Plantation operations, notably the use of fertilisers, cause environmental damage
to human health, ecosystem variety, and resource availability. Multiple crop farming is more
damaging to the environment than oil palm agriculture alone since it requires more fertiliser.
The cost of multi-feedstock biodiesel is 126 $. The availability of resources for multi-feedstock
biodiesel is more than that of palm oil biodiesel, which was 79.7 $. It is not suggested utilising
soybean, canola, or sunflower to make multi-feedstock biodiesel since it has a larger

environmental damage than palm oil biodiesel.

302



Acknowledgements

The author would like to thank all who helped him prepare and finish this Ph.D. thesis,
including the honorable: Dean of School of Postgraduate Studies, Dr. R.B. Sularto, S.H.,
M.Hum. Head of Doctoral Program of Environmental Science, Dr. Budi Warsito, S.Si., M.Si.
The author's Promotor, Prof. Dr. Ir. Hadiyanto, S.T., M.Sc., IPU, who patiently directs and
supervises the research, dissertation preparation, and scientific article. The author's Co-
Promotor, Ir. Mochamad Arief Budiharjo, S.T., M.Eng. Sc. Env.Eng., Ph.D., IPM., who
assisted and offered feedback in the dissertation preparation. Internal examiner, Prof. Dr.
Widayat, S.T., M.T., and Dr. Ing. Sudarno, S.T., M.Sc., who offered feedback in the
dissertation. External examiner, Prof. Dr. Shabbir H. Gheewala, who led and guided the writing
of scientific articles for publications and offered direction on the life cycle assessment. External
examiner, Nugroho Adi Sasongko, ST, M.Sc, Ph.D., IPU., who offered feedback in the
dissertation. Dr. Joni Safaat Adiansyah, S.T., M.Sc., Ph.D., Marcelinus Christwardana, S.T.,
M.T., Ph.D., who directed the dissertation preparation. Dr. Adian Khoironi, S.T., M.Si., who
always pray and motivate him to accomplish his Ph.D. degree. Lecturers in the doctoral
program of environmental science, who has given in-depth knowledge of environmental
science. the Ministry of Education, Culture, Research, and Technology
(KEMDIKBUDRISTEK) has presented authors with scholarships through the Master’s
Education toward Doctorate for Excellent Bachelor’s Degree (PMDSU) program 2018 - 2022.
Center of Biomass and Renewable Energy (C-BIORE), the laboratory where the author

conducted his dissertation research.

Mr. Sarimin and Mrs. Rodiyah, the author's beloved parents, who always pray and motivate
him to accomplish his Ph.D. degree. Aida Habibah Nurauliyaa, the author's girlfriend, who

always supports his PhD studies. Mr. Alwi and Mr. Doni, who have helped with academic

303



matters and disbursement of PMDSU scholarships. Ms. Andri, who has helped with academic
matters of his Ph.D. Studies. Students of the Doctoral Program of Environmental Science 13th
generation 2019, who constantly shown a spirit of friendship and support. Misbahudin Alhanif,
the author's buddy, who has assisted in providing a knowledge of the ideas and calculations of
mass and heat balances. Billy Saputra, the author's friend, who assisted in determining the heat
balance. Rifgi Ahmad Baihaqgi and Yogi Hariyono, who have participated in research on the
production of multi-feedstock biodiesel on a laboratory scale. Laboratory and research
assistants of C-BIORE namely Ms. Wahyu, Ms. Inggar, Ms. Falvocha, Ms. Monica, Ms.
Philia, Mr. Andono, and Mr. Ilham Alkian. Then, all parties who cannot be mentioned one by

one.

304



About the Author

Yoyon Wahyono was born in Purnama Sub-district, Dumai City on
October 27, 1994. He is the fourth of five children of Mr. Sarimin and
Mrs. Rodiyah. The author completed elementary school at SDN 007

Dumai City in 2007, junior high school at SMPN 7 Dumai City in 2010,

senior high school at SMAN Binaan Khusus in Dumai City in 2013,
and was accepted into the Bachelor Program of Physics, Faculty of Science and Mathematics,
Diponegoro University in the same year. The author then earned a Bachelor of Science Degree
(S.Si.) in 2017 with a grade point average (GPA) of 3.52. The author resumed his master's
studies and was admitted in August 2018 to the Master Program of Environmental Science,
School of Postgraduate Studies, Diponegoro University, with the Master's Education
scholarship toward Doctorate for Excellent Bachelor's Degree (PMDSU). The author earned a
Master's Degree in Environmental Science (M.Ling.) in 2019 with a GPA of 3.93. In August
2019, the author was admitted into the Doctoral Program of Environmental Science, School of
Postgraduate Studies, Diponegoro University. The author obtained a doctorate in

Environmental Science (Dr.) with a GPA of 4.00 in 2022.

Email address: yoyonwahyono.enviro@gmail.com

305


mailto:yoyonwahyono.enviro@gmail.com

List of Publications

Wahyono, Y., Hadiyanto, H., Gheewala, S. H., Budihardjo, M. A., Adiansyah, J. S., Widayat,
W., Christwardana, M. (2022). Evaluating the environmental damages of the multi-feedstock
biodiesel production process in Indonesia using life cycle assessment (LCA). Waste and

Biomass Valorization. (Submitted manuscript)

Wahyono, Y., Hadiyanto, H., Gheewala, S. H., Budihardjo, M. A., Adiansyah, J. S., Widayat,
W., Christwardana, M. (2022). Evaluating the energy balance of the multi-feedstock biodiesel
production process in Indonesia using life cycle assessment (LCA). International Journal of

Energy and Environmental Engineering. (Submitted manuscript)

Wahyono, Y., Hadiyanto, H., Gheewala, S. H., Budihardjo, M. A., & Adiansyah, J. S. (2022).
Evaluating the environmental impacts of the multi-feedstock biodiesel production process in

Indonesia using life cycle assessment (LCA). Energy Conversion and Management, 266, 1-15.

Wahyono, Y., Hadiyanto, H., Budihardjo, M. A., Baihaqi, R. A., & Syahida, A. N. (2022).
The Effects of Long-Term Storage on the Quality of Palm Oil Biodiesel and Canola Oil

Biodiesel. J. Eng. Technol. Sci., 54(3), 1-18.

Wahyono, Y., Hadiyanto, H., Budihardjo, M. A., Hariyono, Y., & Baihaqgi, R. A. (2022).
Multifeedstock Biodiesel Production from a Blend of Five Oils through Transesterification
with Variation of Moles Ratio of Oil: Methanol. International Journal of Technology, 13(3),

606-618.

Wahyono, Y., Hadiyanto, H., Budihardjo, M. A., & Adiansyah, J. S. (2020). Assessing the
environmental performance of palm oil biodiesel production in Indonesia: A life cycle

Assessment approach. Energies, 13(12), 1-25.

306



Funding

This thesis was financially supported by the Ministry of Education, Culture, Research, and
Technology (KEMDIKBUDRISTEK) through the Master’s Education toward Doctorate for

Excellent Bachelor’s Degree (PMDSU) program 2018 - 2022.

307



€S = (S0C + Cypg) XA

S0C = (S0Csp + Fiy + Fyg + F)

6 — S Eroonorr_
Boe — (—R - A) X 3.664 + (—f ”e"v;f” COZ)




