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Abstract

One of the types of tofu industries in Indonesia is that the small-scale tofu industry was located in the East Jombor, Ketapang Village,
on the Blorong River. This tofu industry, with a 1300 kg/day production capacity, produces liquid waste that is disposed of into the
Blorong River with a BOD parameter of 2726 mg/L, COD of 4972 mg/L, and TSS of 388 mg/L. These values greatly exceed the
quality standards based on the Regional Regulation of Central Java Province Number 10 of 2004 concerning Tofu Industry. The entry
of these pollutants into the Blorong River, over time, can cause water bodies to become toxic and pollute the Blorong River.
Therefore, one of the efforts to protect the environmental condition of this river is to increase the efficiency of the Wastewater
treatment plant and substitute the determined fuel through alternative scenarios. In the MBBR scenario, substituting diesel fuel into
biomass is a type of biodiesel. It has an advantage for the fire tube boiler industry because it can reduce exhaust emissions compared
to diesel. Meanwhile, the existing wastewater treatment is substituted for the MBBR unit. The choice of MBBR as a wastewater
treatment unit is because it is economical, does not require large land, simple in development design, and accessible in operation and
maintenance. In the second scenario (SBR), a transition of diesel fuel to LPG as a fuel input in the cooking process will result in a
cleaner emission, especially on the SO2 parameter, and better because it has a higher heating value than diesel, 47.3 Tj/Gg. Both
scenarios are analyzed regarding the magnitude of the impact on the environment using the OpenLCA method. The result of this
method from each alternative is evaluated to obtain the best scenario. In the tofu industry, the best design the resulting impact is
smaller than the SBR alternative.

Keywords: Environmental impact; OpenLCA; life cycle assessment; tofu production

1. Introduction One of the tofu industries is the Industri X, located in
the East Jombor, Ketapang Village, to be precise on the
Blorong River. These values greatly exceed the quality
standard based on Regional Regulation of the Province of
Central Java Number 10 of 2004 concerning Industry
Tofu. High levels of Biological Oxygen Demand (BOD)
in water bodies can reduce dissolved oxygen (DO)
concentrations needed for aquatic life to survive. Over
time, dissolved oxygen levels can make living aquatic
organisms die, and then decay occurs so that the
condition of the water body becomes toxic. The liquid
waste from the tofu industry is a source of water
pollutants in the Blorong River.

Therefore, one of the efforts to protect this river's
environmental conditions is to increase the efficiency of
Waste Water Tteatment Plant (WWTP) and substitute the
determined fuel by providing alternative scenarios by
Life Cycle Assessment (LCA). LCA has been widely
applied in Indonesia to determine industrial activities'
environmental impact [3, 4, 5]. This study aims to
31, Teuku Nyak Arief, RT.7/RW.8, Simprug determine the environmental impact and update the tofu

Kec. Kebayoran Lama, Jakarta Selatan, Jakarta industry management with LCA.
Indonesia 12220 7

The majority of Indonesian businesses have a strong
interest in the tofu industry because making tofu is
relatively easy, simple, and inexpensive [1]. Besides,
making tofu uses simple technology with relatively low
levels of resource use, such as water and raw materials.
The tofu industry is dominated by small to medium-scale
businesses with limited capital. However, behind the
advantages of the cheap and straightforward, Tofu
industry could harm the environment. In the process of
making tofu, from the raw materials to tofu products,
each stage of making tofu produces relatively high solid
waste and liquid waste, as well as emissions released into
the air. The resulting waste and air emissions are
disposed of in the environment without any treatment.
The environmental impact that can be felt from the
absence of wastewater treatment is the damage to
environmental aesthetics [2].
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2. Method

LCA is a method to evaluate the potential
environmental impacts of the life cycle by calculating the
inputs such as natural resources demand and outputs such
as emissions and solid waste that can impact ecological
aspects such as climate change, ecotoxicity, etc. [6].
Generally, the LCA method consists of four steps: goal
and scope, life cycle inventory analysis, life cycle impact
assessment, and interpretation [7].

According to Sala et al. [7], this method aims to
define the intended application and determine both
spatial and temporal boundaries so the study can focus on
environmental assessment's important issues.

The goal and scope ensuring the choices of functional
unit, system boundaries, identification of parametric
quality requirement, and the intended audience is already
made up.

Goals:
e Finding the best scenario by considering aspects of
land requirements, economic, aesthetic,

environmental health, and technology.

e The effluent can meet the quality standard threshold
criteria for the Central Java Provincial Regulation
Number 10 of 2004 concerning Tofu Industry.

e Reducing the impact of pollution from industrial
activity processes.

Scopes:

o Tofu made from soybean seeds

e The dregs of X Tofu Industry are + 30 sacks to
produce + 60 barrels of tofu.

e The need for soybeans is + 840 kg/day with a

capacity of 1300 kg/day.

The need for diesel (for cooking) is £ 5 - 10 L/day.

The amount of wastewater is 35 m3/day.

System Limits: Gate to Gate.

Allocation and System Expansion: based on mass and

volume, and based on other rules (frequency and

substance content).

o Data Quality Requirements: Water requirements, the
number of soybeans, acid and CaSO4 needs, and fuel
requirements (diesel).

As stated in Life Cycle Inventory (LCI) is one of the
steps in the LCA method that gave a result in a flow
model by collecting and calculating all the input and
output data for each process. By the limitation of
collection data, the calculation of industrial tofu can be
made by using parametric quality from journal literature.

3. Result and Discussion
3.1. The existing treatment method

The existing WWTP that has been applied to
processing the wastewater from the tofu process uses
anaerobic-aerobic technology. The resulting wastewater
will be flowed into the bar screen to filter the coarse

fractions and continue to the equalization basin through
trenches in the factory. The residence time of water in the
equalization tank is 37.8 hours or 1.5 days, with the
volume capacity of the storage tank is 63 m® Through
this stage, 11% of Total Suspended Solid (TSS) is
removed. Then, after going through the process at the
equalization stage, the wastewater is flowed into an
anaerobic tank to remove the organic content in the
wastewater. With anaerobic tanks' capacity is 300 m3, it
can accommodate wastewater with a residence time of
7,5 days. Several organic materials were removed in this
process, namely 65% TSS, 95.2% BOD, 92% COD. The
type of anaerobic tank is the Anaerobic Baffled Reactor
(ABR). In the anaerobic removal process, the activated
sludge has been formed through anaerobic fermentation
process of anaerobic bacteria [8, 9].

This activated sludge plays an essential role in
removing the organic material that takes place in the
reactor. The activated sludge that settles in the bottom of
the reactor will be recirculated in the reactor so that the
organic removal process can achieve maximum
efficiency. The by-product of the anaerobic process that
occurs in the reactor is methane gas (CHg4). Then, the
methane gas is flowed into the flare pipe to be burned so
that it doesn't smell. Also, methane gas (CH4) has the
potential to be used as an alternative fuel or biogas,
which can be distributed to local residents' homes or to
the production process in the tofu factory itself or
lighting the area around the factory location. Due to the
lack of facilities to distribute the gas flow, it isn't yet
been implemented. The effluent from ABR will flow into
the aeration tank. In this reactor, dissolved oxygen in the
wastewater will encourage the degradation of organic
material in the wastewater by aerobic bacteria, which will
continue to produce activated sludge. The residence time
of wastewater in the reactor is 3.6 hours with a tank
capacity of 6 m® The organic material content was
removed at this processing stage, namely BOD of 56%,
TSS of 51.5%, COD of 48.9%. After going through the
aeration treatment process, the wastewater will then be
flowed into the outlet tank or final tank and continue to
the water body or the Blorong river.

The maximum processing results and the uncomplex
unit operation in the anaerobic-aerobic treatment method
make the treatment a standard method for most industries
to treat their wastewater, even though the processing time
is longer than other processing methods. The existing
WWTP has been operating for 14 years since 1996. This
WWTP was not built when the factory was built for the
first time. Previously, the community had protested to the
factory because of the pollution from the discharge
wastewater production that polluted the water river.
However, for the past 14 years, the company has started
to be concerned about their behaviour to damage the
environment. A WWTP was built along with the
employment of human resources which could operate it.

Based on the processing flow, the overall processing
unit performance is obtained for each pollutant parameter
obtained through Fibria research [10], described in Table
1 and Table 2.
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Table 1. The removal characteristic in existing WWTP

Influent Quality Standard Removal
WWTP  Effluent ; .

No Parameter ; Maximum Efficienc
(Output  WWTP  (kg/day) Maximum oo oo o (%) y
|ndustry) Content (kg/ton)

PHYSIC
1. Temperature  43.10C 36.90C 38
388 62 o
2. TSS mg/L mg/L 2.170 100 2 87%
CHEMICAL

3. BOD 2726 57.6 2.016 150 3 97.80%

mg/L mg/L

4. COD 4972 203.2 7.112 275 5.5 95%

mg/L mg/L

5. pH 5.51 7.06 6.0-9.0

Table 2. The removal result from each unit at the existing treatment

Anaerobic Tank Aerobic Tank

Bar Screen Equalization Tank Quality
Influent Outlet b dard
Parameter Efficiency Effluent Efficiency Effluent Efficiency Effluent Efficiency  Effluent tandar
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L)  (mg/L)  (mgl/L)
TSS 388 0 388 11 345.32 65 120.86 515 62.24 62 100
BOD 2726 0 2726 0 2726 95.2 130.85 56 57.57 57.6 150
COD 4972 0 4972 0 4972 92 397.76 48.9 203.24 203 275
pH 5.51 5.92 5.51 - 6.42 6.92 - 7.06 7.06 6.0-9.0

3.2. Moving Bed Biofilm Reactor (MBBR) treatment
method — Scenario 1

The principle of the Moving Bed Biofilm Reactor
(MBBR) is the activated sludge process with the addition
of media and the presence of an aeration process in the
reactor [11]. The MBBR method is included in the
attached growth reactor type because of the media's
addition into the reactor. It will encourage the biological
growth process of microbes with suspended and attached
cultures. The MBBR has the advantages: easy to
maintain and requires less land area. The results of the
calculation of the removal efficiency scenario with the
MBBR unit can be seen in Table 3.

3.3. Sequencing Batch Reactor (SBR) treatment method —
Scenario 2

SBR has the advantage of the need for the area. The
SBR unit does not require a large area because it is
compact while still providing high efficiency in treating
liquid waste and making unit costs cheaper than the
standard activated sludge technology. SBR consists of
five processing phases and is carried out sequentially as
follows:

a. Fill in the phase when the volume of wastewater
enters the reactor and mixes with the sedimented
biomass. After the tank reaches its maximum
capacity, the process will proceed to the next stage.
The time given for each stage depends on the purpose
of wastewater treatment. The typical time for the fill
stage is two to four hours. In a two-tank system, the
time required to fill is the same as the amount of

reacting, settle, decant, and idle time so that when one
tank is in the fill stage, the other tank can complete
the cycle. Anoxic conditions at the fill stage are
recommended to achieve a good condition for settling
organisms [12].

b. React is a phase where the process occurs is the same
as in the aeration of the activated sludge process.
Under suitable environmental conditions, biomass
will eat the substrate. During the reaction stage, the
mixing unit and the aeration unit are actively used,
and no more wastewater enters this stage, and there is
a removal of the carbonaceous BOD. Besides, it is
necessary to determine the duration of aeration
removal so that nitrification removal can occur.

c. Settle is a phase where the process is the same as the
sedimentation unit or clarification wunit in the
activated sludge process. This process causes the
solid to sink and separate from the water.

d. The draw is the phase where water that has been
cleaned is disposed of as effluent.

e. Idle is the phase that occurs between the draw-and-fill
phases, and it is used to provide time before the
switching process. This stage can be on short-period
or long-period depending on the amount of discharge
of treated wastewater. This phase can be eliminated if
the wastewater has a high release. Conversely, if the
wastewater has a low release, this stage will take a
long time so that the sludge turns anaerobic.

The results of the calculation of the removal
efficiency scenario with the SBR unit can be seen in

Table 4.
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Table 3. The removal result from each unit at MBBR treatment

— w\ll\l;?rrg Bar Screen Equalization Tank MBBR s\f/fw;e_r;t s?::(ljiat?/d
(mg/L) Efficiency I%glgu/ir;t Efficiency Iirf]:gi/ir;t Efficiency %rfnﬂgu/ir;t (mg/L) (ma/L)
TSS 388 0 388 11% 345.32 73% 93.24 93.24 100
BOD 2726 0 2726 0 2726 80% 545.2 545.2 150
COD 4972 0 4972 0 4972 82% 895 894.96 275
Table 4. The removal result from each unit at SBR treatment
— {/T/f\I/\L;'eI'rILt Bar Screen Equalization Tank SBR I\E/\f/f\}\L/j'T'rg s?;ri;:?/d
(mg/L)  Efficiency Ii:lgu/(la_r;t Efficiency Egl;/?_r;t Efficiency Iirfnfgu/ir;t (mg/L) (mg/L)
TSS 388 0 388 11% 345.3 98% 6.906 6.91 100
BOD 2726 0 2726 0 2726 98% 54.52 54.52 150
CoD 4972 0 4972 0 4972 99% 49.72 49.72 275

3.4. Life Cycle Impact Assessment (LCIA) of existing
condition

The LCIA is a step of classifying the emission from
product production into impact categories, and then these
categories will be compared by characterizing it into
common units [7]. The comparison of common units of
all categories can be done by converting the data using
some of the assumptions from the literature that can be
seen in Table 3 and Table 4.

The inventory analysis results were reviewed further
using an impact assessment of the product or activity
according to specific indicators. This assessment using
the 2013 Environmental Product Declaration (EPD)
assessment method available on the OpenLCA
application. The following is a table of the resulting
environmental impact categories in Table 5.

a. Acetic Acid (CHsCOOH). The need for acetic acid
used during production is influenced by the amount of
soybean raw material used in the production of tofu.
The X tofu industry needs 840 kg of soybeans to
produce 1300 kg of tofu per day [13] showed that
using 144 kg of soybean raw materials and supporting
materials in the form of 1 L of vinegar acid water
could produce 260 kg of tofu per day.

Table 5. Input and output value of existing scenario

Material Unit Quantity
Input Material
Acetic acid kg/day 6.125
Energy, unspecified MJ/day 373
Transformation, to agriculture, mosaic ha/day 1.292
Water, well, in ground m®/day 3,024,000
Output Material
BODS5, Biological Oxygen Demand kg/day 174182.4
Carbon dioxide, fossil kg/day 27.628
COD, Chemical Oxygen Demand kg/day 614476.8
NO,, Nitrogen dioxide kg/day 0.00768
Sulfur dioxide kg/day 0.0479
Tofu kg/day 1300
Wiaste, unspecified kg/day 390

The need for acetic acid to make tofu from 840 kg of
soybean raw materials is 6.125 Liters.

b. Solar (Unspecified energy). Solar is the fuel used in
the cooking and maturation process of soybeans
before being processed into tofu. Then diesel is used
to cook and ripen 840 kg of soybeans is 10 litres per
day [14]. The amount of diesel emission released was
obtained by multiplying between the amount of diesel
used and the diesel emission factor of 37.3 MJ/Litre.

c. Soybean (transformation, to agriculture, mosaic).
Soybean is an input material used in the tofu
production process. The soybean mass value needs to
be transformed into a unit area to be input into the
LCA application. Based on the results of a study on
the distribution pattern of soybean productivity in
Central Java Province by district/city, X Regency has
soybean productivity 14-11 quintals per hectare [15].
The data on average soybean productivity will be
used as an indicator to estimate the acreage of
soybean gardens that can produce 1300 kg of
soybeans. So, the area of the soybean plantation
obtained 1.292 ha.

d. Water Discharge (water, well, in the ground). The
water discharge used in processing soybeans into tofu
is 3,024,000 m3/day.

e. BOD) and COD parameters are parameters used in
determining the quality of wastewater because they
both have characteristics in knowing the presence of
pollution induction from a decrease in the amount of
dissolved oxygen.

f. Sulfur dioxide (SO2) and Nitrogen dioxide (NO-) are
exhaust gases from the combustion of diesel fuel in a
soybean grinding machine in the X Industrial tofu
production. The amount of emission SO2 that it
produces is determined by calculating the fuel
requirement and the default emission factor for diesel
fuel. In the study of the analysis of emission load
estimation SO, and NOx from industrial activities in
Karang Pilang Surabaya, it was stated that the SO
emission factor from the use of diesel fuel was 4.79
kg/1000L and the emission factor NO, was 0.768
kg/1000L [16]. The literature data are used to
estimate the total emissions resulting from the use of
diesel in tofu production is 0.0479%kg SO, and
0.00768kg NO-.

10
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Table 6. Result of impact analysis of existing scenario

Environmental Impact Score Unit
Abiotic Depletion 373 MJ
Global Warming 27.628 kg CO,

Eutrophication 135,185 kg POy
Acidification 0.05328 kg SO,
Photochemical Oxidation 0.00251 kg C2H,4

After inputting data into the OpenLCA application
based on the calculation of the input and output values
above, the resulting impact will be automatically
calculated. The overall results of the impact assessment
of the input and output data that have been carried out
can be seen in Table 6.

Based on the impact assessment using the OpenLCA
application with the 2013 EPD method, the existing
conditions have several impacts, while the most
impacting is global warming of 27.628 kg CO,. Based on
Table 6, the existing conditions' impact is classified as
significant, so a scenario is created to reduce the negative
impact of the environment. This scenario substitutes the
use of diesel fuel in the existing conditions to the use of
biomass. Also, this scenario uses the MBBR unit to treat
wastewater generated from tofu production.

In this scenario, the choice to substitute diesel fuel is
because diesel has a high enough contribution to global
warming. In one of the efforts to minimize global
warming, the Indonesian government is committed to
using renewable energy resources as a substitute for
conventional fuels. The potential for renewable energy
that can be utilized is biomass. The type of biomass used
in this scenario is biodiesel. The use of biodiesel has an
advantage for the fire tube boiler industry because it can
reduce exhaust emissions compared to diesel/diesel oil.
Pollutant gas emissions decrease with the increase in the
biodiesel content in the mixture [17]. However, the
amount of use of biodiesel is more than the amount of
use of diesel. Biodiesel has a calorific value of 5-13%
lower than diesel oil. When applied to the fuel system,
more fuel is injected to achieve combustion
stoichiometry to increase fuel consumption [17]. The
amount of biomass used is 1-2% more than the use of
diesel as fuel [18]. Emissions resulting from burning
biodiesel include CO; CHs, N2O.. CO; emissions
produced if biodiesel is burned are not included in total
emissions or are considered excluding emissions, while
CH,4 and N2O emissions are calculated as emissions [19].
The following is the number of emissions released by the
biodiesel type biomass:

Input

Biodiesel = The amount of diesel, used x2%
=373 MJ x2%
=380.5 MJ

Output

N,O Emission = FC x CEF x NCV
_ kg MJ
—380.5 MJ x4 1000000 A .

=0.001522 kg

TJ

CH, Emission =Y, FC xCEF x NCV

_ kg MJ
—380.5 MJ x 30 % 5 x1000000 M3/,
— 0.011415 kg

where
> FC is the amount of fossil fuel used (mass /volume)
NCV is Net Calorific Volume (energy content) value
per unit mass or volume of fuel
CEF is the carbon emission factor

3.5. Life Cycle Impact Assessment (LCIA) of MBBR
scenario

This scenario also uses the MBBR unit to treat
wastewater generated from tofu production. The choice
of MBBR as a wastewater treatment unit is because it is
economical, does not require large land, simple in
development design, and easy to operate and maintain. In
general, tofu industry players lack knowledge about the
tofu wastewater treatment process, so that tofu industry
players tend to choose simple tofu wastewater treatment.
However, the allowance for MBBR units still exceeds the
quality standard of the Central Java Provincial
Regulation Number 10 of 2004 concerning the Tofu
Industry. The following is the number of COD and BOD
generated through the MBBR processing unit:

BOD = effluent BOD processing unit MBBR x discharge
- mg m® -3
=545.2 Ater x 3,024,000 Aay x10
=1,648,684.8 kg

COD = effluent COD processing unit MBBR x discharge
_ m?® -3
~894.96 3,024,000 A 2y <10
=2,706,359.04 kg

Table 7 are the inputs and outputs of MBRR scenario.

Table 7. Input and output value MBBR scenario

Material Unit Quantity
Technical Input
Acetic acid kg/day 6.125
Energy, unspecified Mj/day 380.5
Transformation, to agriculture, mosaic ha/day 1.292
Water, well, in ground m®/day 3,024,000
Technical Output
BODS5, Biological Oxygen Demand kg/day 1,648,684.8
Carbon dioxide, fossil kg/day 0
COD, Chemical Oxygen Demand kg/day 2706359.04
Nitrogen dioxide kg/day 0.001522
Methane kg/day 0.011415
Tofu kg/day 1.3
Waste, unspecified kg/day 390

11
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Table 8. Result of impact analysis of MBBR scenario

Environmental Impact Score Unit
Abiotic Depletion 0 MJ
Global Warming 0.722 kg CO,

Eutrophication 59539 kg POy
Acidification 0 kg SO,
Photochemical Oxidation 0.594 kg C2H,4

Based on the input and output of the tofu-making
process, an impact analysis (impact assessment) using the
EPD 2013 method was obtained. This scenario succeeded
in reducing global warming, but there was an increase in
the eutrophication impact of 59,539 kg PO,. Table 8 is
the impact on the environment in the scenario MBBR:

3.6. Life Cycle Impact Assessment (LCIA) SBR scenario

The conversion of diesel fuel to LPG as a source of
heat energy in the boiling process of soybeans is part of
the environmental recovery scenario for emissions
produced in the tofu production process. This scenario
was chosen to consider environmental aspects. Reducing
greenhouse gas (GHG) emissions from burning diesel
fuel is the main scope of scenario studies for
environmental aspects. The proportion of CO; exhaust
emissions is the largest emission resulting from diesel
use in the X industrial tofu production process and partly
by SOx and NOx gases. The GHG emission reduction
target is based on Presidential Regulation Number 71 of
2011, which is 26% in 2020 in the CO, exhaust element.

The use of LPG fuel is a processed product from
fossil energy. The combustion process carried out on the
fuel will contribute to atmospheric pollutants with
different types and amounts of content. LPG and Solar
are the two fuels that have additional combustion
capabilities according to their calorific value. Still, the
combustion capability is not always in line with exhaust
gas as a byproduct produced. Solar has a 43.3 TJ/Gg and
LPG heating value of 47.3 TJ/Gg [20]. However, this
does not instantly mean that CO2, SOx, and NOx exhaust
gases are in small amounts compared to LPG. According
to Suarma [21], using LPG as a fuel input in the cooking
process will result in cleaner emissions, especially in the
SO, parameter.

Besides using alternative fuels in making tofu, it is
necessary to treat wastewater generated from the X
industrial tofu processing activity. The second scenario
using the Sequencing Batch Reactor (SBR) as a
wastewater treatment unit by considering the small area
requirement. Even in a single basin, there are already
several processing stages of wastewater treatment in
general. The emission from the wastewater produced can
be reduced, and it is known based on the efficiency of the
unit used. Furthermore, inputting parameter data Liquid
waste in the openLCA application is carried out by
converting mg/L to kg, then calculations will be outlined
in Table 9.

Table 9. Input and output value SBR scenario

Material Unit Quantity
Technical Input
Acetic acid kg/day 6.125
Energy, unspecified L/day 14.647
Transformation, to agriculture, mosaic ~ ha/day 1.292
Water, well, in ground m/day 3,024,000

Technical Output

BODS5, Biological Oxygen Demand kg/day 164868.48

Carbon dioxide, fossil kg/day 5.678
COD, Chemical Oxygen Demand kg/day 150353.28
Nitrogen dioxide kg/day 0.00033
Sulfur dioxide kg/day 0.0016
Tofu kg/day 1.3
Waste, unspecified kg/day 390

Table 10. Result of impact analysis of MBBR scenario

Environmental Impact Score Unit
Abiotic Depletion 0.50532 MJ
Global Warming 5.67890 kg CO,

Eutrophication 3307.772 kg PO,
Acidification 0.00183 kg SO,
Photochemical Oxidation 0.0000861639 kg CzH4

After inputting all the data into the openLCA
application, the impact analysis will load automatically
by determining a specific impact assessment method. In
this case, the method used is the 2013 EPD method as
shown in Table 10.

4. Conclusion

The tofu production in industrial tofu X produces 373
MJ abiotic depletion, 27.628 kg-CO, that contributes to
global warming, 135,185 kg-PO4 that contributes to
eutrophication, 0.053 kg-SO, that contribute to
acidification, and 0.002 kg-C;Hs that contribute to
photochemical oxidation. Based on mass balance
calculation, the second scenario can meet the standard
quality of Central Java Provincial Regulation Number 10
of 2004 concerning the Tofu Industry. The best scenario
chosen can be determined by normalizing, weighting the
result by identifying the significant issue. The best
recommendation of waste treatment for the industry is
using the first scenario, which is by adding MBBR for
the wastewater treatment and substitute the diesel fuel
with the alternate biomass. This scenario has more
advantages than the second scenario in reducing the
environmental aspect's impact, and the reduction can be
high up to 373 MJ for abiotic depletion, 26.906 kg-CO,
that contribute to global warming and 0.591 kg-C,H4 that
contribute to photochemical oxidation.

12
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