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The life cycle assessment (LCA) of the wastewater treatment plant (WWTP) has several categories in
the resulting impact analysis. One of them is a wastewater treatment plant on campus or university.
Various emissions from WWTP and their impact factors are analyzed using software and utilizing

ﬁigfggd. g?:gg:ggg: the Eco-inventory database. Recycled water from factories has a positive impact on the categories
' assessed. System treatment overrides the effects of recycled water in other types such as potential
Key Words: terrestrial eco-toxicity, global warming potential, particulate matter formation, fossil depletion potential,

and others. However, untreated sewers’ social effects and the environmental impact of compost
generated by the system have not been thoroughly analyzed by a more holistic analysis. By using
the LCA method, these results can be seen in Enim River’s environment expressed in GWP units
(global warming potential) and human health expressed in ODP units (Ozone Depletion Potential).
Several studies have also been conducted on LCA, which has problems with wastewater. One of
the most recent research analyses various wastewater treatment strategies, such as aerobic against
anaerobic, chemical versus chemical, and biological combinations. The Enim River is found in the
Indonesian province of South Sumatra. The Muara Enim Regency area is where the river flows from
upstream to downstream. The Enim River is a child of the Lematang River. The GWP value had a
GWP of 16% before being treated in wastewater, and it had a GWP of 41.3% after being treated with
sewage. This result means that treating wastewater requires energy to do so. Before treatment, the
MDP value was 10.4%, and after treatment was 20.4%. However, further action after the management
of wastewater gives significant value to the assessment of GWP, MDP, and ODP. The three results
provided a reduction value for the reuse of treated water and reused as water needs.
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Life Cycle
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INTRODUCTION and bathing (Dingemans et al. 2020, Raschid-sally et al.

. . e 2001).
Water is everyone’s survival because it is their primary source

of income (Maktabifard et al. 2018). As a result, in some
dry places and semi-arid circumstances, it is increasingly
vital to pay attention to water scarcity (Reznik et al. 2019,
Paskett 1998). Water scarcity will result if rainfall drops
(Lotfi et al. 2020), causing more serious difficulties. Water
management will be required to meet the increased needs
of a rapidly rising population and the complete depletion of
water supplies (Glenn et al. 2009). Any new water sourc-
es to be regenerated or wastewater treatment techniques
must be established and developed to provide an adequate
water supply (Lahrich et al. 2021). There will be several
essential options given the various treatment techniques
that can be created whereby wastewater can be treated and
used for other purposes, such as the need for gardening

Wastewater treatment facilities are typically built by govern-
ment departments (Hartley et al. 2019), although major organiza-
tions (Juan-Garcia et al. 2017) or businesses can also build their
WWTP (Waste Water Treatment Plant) (Raghuvanshi et al. 2017).
The WWTP’s mission is to purify untreated water from a wide
range of sources, including households, offices, laboratories, and
sanitation facilities so that it can be reused. There are both primary
and secondary process steps at the WWTP (Abdel-Fatah 2018).

The water then flows into the aeration tank in the primary
treatment process and then adds chemicals with high nutri-
tional content, such as diammonium phosphate (DAP). For
this condition, most of the microbial action is still in the air
(Kheiri et al. 2013). Aerobic oxidation in the aeration tank
causes organic matter degradation in microorganisms’ pres-
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ence (Wang et al. 2017). Furthermore, in the clarifier, sludge
(Araromi et al. 2018) and water are separated outside. This
is also part of the secondary processing process. The sludge
is then collected and air-dried before storage and further use.

The semi-treated water then enters the chlorination tank,
where disinfection is carried out. The disinfected water then
passes through a double filter media to maintain the water
condition for further storage (Zhu et al. 2012). Untreated sew-
ers have social and environmental impacts (Dolar et al. 2019)
if disposed of without proper treatment (Maktabifard et al.
2018). Wastewater treatment is also not an environmentally
friendly process (Salem 2012) and even economically. Such
processing will require a lot of energy and several forms of
chemicals. An analysis will then be needed for the environ-
mental benefits of water savings and ecological damage done
to water treatment (Shakouri & Yazdi 2014, Zarei 2020).

Some wastewater treatment can be done physically,
chemically, and biologically. Physical therapy is to remove
suspended or levitated material from wastewater through grav-
ity deposition. Meanwhile, chemical processing is by reducing
the chemical content in sewage with the addition of chemicals.
Deposition or filtering can physically separate the sediment as
aresult of the process. Finally, biological processing involves
eliminating or removing pollutants using biological activity
(microorganisms) in aerobic or anaerobic environments. In
general, the physical processing units include bar screen,
communicator, grit chamber, equalization, sedimentation,
centrifugation, flocculation, and membrane filtration.

Whereas the residual pollutant discharge from the
infiltration field drainage is subject to wastewater costs,
the treated wastewater irrigation in the agricultural sector
during the vegetation period is considered agricultural land
treatment measures exempted from the cost of wastewater.
This practice’s cost reduction is estimated by calculating the
wastewater’s hypothetical cost (Diaz-Elsayed et al. 2019)
operator. If the mixed-sludge irrigated wastewater was
discharged directly into surface water bodies, the treatment
facility would be compensated (Maall & Grundmann 2016).

Another example of a unit process carried out in the
United States, namely, the wastewater pasteurization (WP)
process, is a disinfection technology that may have devel-
oped rapidly with cost and environmental advantages over
traditional wastewater treatment processes (Sanciolo et al.
2020). It could exploit waste heat from on-site power plants
by using biogas or gas from cities or community supplies to
heat wastewater to inactivate associated Pasteurization tech-
nology has been widely used in the food industry for many
years, but its application on a large scale to treat wastewater
has only recently emerged. It has been demonstrated in the
city of the Laguna Santa Rosa Wastewater Reclamation

Plant, where validation testing was carried out as part of
the California Department of Public Health (CDPH, now
called the Drinking Water Division (DDW)) to review new
technologies for treating wastewater for reuse and provision
conditional consent water (Sanciolo et al. 2020).

There are advantages of using pasteurization to disinfect
wastewater because it does not contain the harmful effects
of unreacted disinfectant chemicals and the formation of
hazardous disinfection byproducts known as a disinfectant
byproduct (DBP). Chlorination and ozonation are commonly
used for the disinfection of wastewater, and their extensive
use has resulted in disinfectant byproducts (DBP) which are
very dangerous. DBP from chlorination is harmful to humans
and the environment (Chon et al. 2012) and causes acute,
measurable toxicity effects even from low residual chlorine
levels (Hamilton & Miller 2002).

The methodological framework used on the life cycle
provided by the international standards organization (ISO)
14040 assesses the environmental impact of the wastewater
treatment process on campus or university sites (Vedachalam
2012). The impact assessment carried out with a simple LCA
is to visualize and analyze wastewater treatment processes’
environmental impact. The Eco-invent data set software
was used to model the movement of materials and energy
(Raghuvanshi et al. 2017). After entering the input value
into the LCA process, the Ecoinvent OpenLCA software can
likewise produce good results.

A life cycle assessment (LCA) based on a thorough un-
derstanding of the true quantity of data received is used to
conduct this analysis. LCA is a compilation and evaluation
of the outputs and potential environmental consequences
during a product’s life cycle. LCA studies aid in determin-
ing the best method/technique from an ecological point of
view. For LCA, four phases are required for the LCA study,
namely definition of objectives and scope, analysis of life
cycle inventory (LCI), life cycle impact assessment (LCIA),
and interpretation (Raghuvanshi et al. 2017). LCA water
treatment systems have found importance in recent literature
due to their holistic approach. Several studies have also been
conducted on LCA, which has problems with wastewater.
One of the most recent studies compares different wastewater
treatment techniques such as aerobic to anaerobic, chemical
to chemical and biological combinations (Sode et al. 2013).
Phosphorus recycling for agricultural land (because of its
potential for fertilization) (Shamblen & Binder 1996) is more
suitable to control to reduce the impact of depletion of fossil
fuels and climate change compared to sludge incineration
(Najafzadeh & Zeinolabedini 2018, Mannino et al. 2008).

Another method related to LCA WWTP carried out in
China has revealed that the use of renewable energy (wind,
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in this case) increasing the quality of waste will reduce envi-
ronmental impact (Jain et al. 2020). This study highlights the
importance of generating electricity from renewable sources
to minimize fossil fuel depletion and pollutant emissions.
A more refined approach is used to study LCA in WWTP
by finding out characterization factors (CFs) for measur-
ing pharmaceutical and personal care products (PPCP) in
wastewater. Other studies have reported on a novel strategy
for identifying the optimum WWTP process that tries to
incorporate environmental concerns with LCA methodology
and economic criteria.

MATERIALS AND METHODS
Unit Process Mechanism

The unit process mechanism is used to evaluate the environ-
mental impact of process wastewater treatment at a specific
place, such as a riverbank (Kristensen et al. 2018). For the
LCA process, it is necessary to set goals or goals to be done.
One of them is the boundary, namely gate to gate. What is
meant by the gate to gate? Is it from processed wastewater
to treated wastewater?

Data collection is carried out during operation over a peri-
od repeated. The operational input and quantity of wastewater
inflows are measured at different times of the year. Specific
processor maintenance-related data were obtained by con-
ducting semi-structured interviews with staff working in the
factory. Secondary data for modeling the flow of materials
and energy are collected from the internet, datasheets, etc.

Research using tools to test the use of treated wastewater
along the Enim River has a relationship with other available
water resources taking into account their quantity and quality

(Carey & Migliaccio 2009, Almanaseer et al. 2020), includ-
ing the agronomic, environmental, and economic components
(Rossum 2020). The study area’s location is in the overall
district of Muara Enim, consisting of 7.483 km?, and the
number of sections is 22, and the number of villages is 246,
as shown in Fig. 1.

In this study’s results, the operational input is measured
in terms of electricity, and diesel is burned for power gener-
ation, urea and chlorine. Chlorine is used through a dosing
pump to kill bacteria and other microbes remaining in treated
water, but chlorine is a very toxic substance (Shakouri &
Yazdi 2014)(Skander et al. 2015). The ReCiPe method (LCA
Ecoinvent) provides results in three main endpoint categories:
ecosystem quality, human health, and resources (Rathod et
al. 2009). Ecosystem quality has nine sub-categories: agri-
cultural land use, climate change, freshwater eco-toxicity,
freshwater eutrophication, marine eco-toxicity, transformed
natural land, terrestrial acidification, terrestrial eco-toxicity
(Godoy et al. 2020), and city land occupation. There are
six sub-categories regarding human health, namely climate
change (human health) (Dingemans et al. 2020), human tox-
icity, ionizing radiation, ozone depletion, particulate matter
photochemical oxidant formation. In the end, resources have
two sub-categories, namely fossil depletion and metal deple-
tion. The results of this study have 18 categories selected to
show the environmental impacts of treated wastewater. The
nine types determined by their abbreviations are climate
change or global warming potential (GWP), freshwater
eco-toxicity potential (FETP), freshwater eutrophication
potential (FEP), human toxicity potential (HTP), metal de-
pletion potential (MDP), ozone depletion potential (ODP),
particulate matter formation (PMF), terrestrial eco-toxicity
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Fig. 1: Location of study area of Enim River in south Sumatra, Indonesia.
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potential (TETP), and water depletion potential (WDP) as
can be seen at Fig. 2 and Fig. 3.

RESULTS
Water Quality Before Treatment

Electricity and diesel are used to generate electricity, urea,
and chlorine. The process of the energy source used affects
the resulting emissions. These emissions cause damage to
ambient air quality and ultimately to human health. It was
found that energy requirements for the aeration tank, distri-
bution treated water, collection tank, and dual media filters
significantly affected the environment in the GWP, CC-HH,

€) Fle Edit Cakulate Jools Window Help
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PMF, and FDP (Atiqah et al. 2014) categories (Lotfi et al.
2020). The actual yield values from the endpoint assessment
of the treatment phase are tabulated in Table 1.

Water Quality after Treatment

The percentage distribution of the midpoint assessment
result indicates that the wastewater treatment process stage
has a nearly negligible effect on the environment than the
other phases. Additionally, all steps show similar patterns of
impact across all categories. As in the endpoint assessment,
the treatment phases that impact water collection and sludge
activation (Owusu-Twum & Sharara 2020, Brockmann et al.
2021) and redistribution are presented in Table 2.
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Table 1: The results of the study midpoint assessment.

115

Item Ecosystem Quality (GWP)

Human Health (ODP/ Ozone De-

Resources (MDP/Metal Depletion

pletion Potential) Potential)
Water Collection (%) 16 26.4 10.4
Sludge Activation (%) 31.3 39.6 52
Treatment (%) 0.8 0.9 1
Purification (%) 12.4 9.9 10.4
Redistribution (%) 389 23.1 26

Table 2: Results of the study midpoint assessment.

Item Ecosystem Quality (GWP) Human Health (ODP/ Ozone De-  Resources (MDP/Metal Depletion
pletion Potential) Potential)
Water Collection (%) 41.3 35.4 20.4
Sludge Activation (%) 16 30.6 40
Treatment (%) 0.8 0.9 3
Purification (%) 10.4 10.9 114
Redistribution (%) 30.9 22.1 25
It was found that the energy requirements for the acration ~ DISCUSSION

tank, distribution treated water, collection tank, and dual
media filter significantly affected the environment in the
GWP, CC-HH, PMF, and FDP categories.

The first condition is if the wastewater is treated and
its impact on the environment (Wagner 2005) and further
assessed. The second condition is a consequence of waste-
water treatment, and the treated water is used for irrigation
purposes.

The effect of an equivalent amount of fresh water is then
saved. The third condition depicts the consequences of not
reusing purified water. This may be seen in the treatment
outcomes of irrigation water, which have dramatically re-
duced environmental consequences across the board (Table
3). Fig. 4 and Fig. 5 below presents an impact assessment
covering climate change, ozone layer depletion, acidifica-
tion, and land use. The unit is stated as DALY (Disability
Adjusted Life Year).

Table 3: Results of impact savings through reuse of treated water.

The results of a review of articles from research conducted
by (Raghuvanshi et al. 2017) provide an analysis that when
processing industrial wastewater requires electrical energy
in its processing. The most significant consideration is the
energy source process used, which affects the emissions
produced (Ramirez-Melgarejo et al. 2019). These emissions
cause damage to ambient air quality and ultimately to hu-
man health. The impact of the FDP is due to the significant
amount of fossil fuels required for energy. These results can
be seen in the environment expressed in GWP units (global
warming potential) and human health expressed in units of
ODP (Ozone Depletion Potential). Before treatment, the
MDP value was 10.4%, and after treatment was 20.4%. This
result means that treating wastewater requires energy to do
so. This energy in the form of energy requirements for the
aeration tank, distribution treated water, collection tank, and
dual filter media significantly affects the environment in the
GWP, ODP and PMF categories.

Item Ecosystem Quality (GWP) Human Health (ODP/ Ozone De-  Resources (MDP/Metal Depletion
pletion Potential) Potential)

Water Collection (%) 11.4 53.1 35.5

Sludge Activation (%) 41.3 29.6 32

Treatment (%) 0.8 0.9 1

Purification (%) 19.4 9.9 104

Redistribution (%) 26.9 6.5 21

Nature Environment and Pollution Technology ® Vol. 21, No. 1, 2022
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Likewise, the results on MDP and ODP were given
before and after treating the wastewater produced. Before
treatment in wastewater, the GWP value gave a GWP of
16%, and after being treated with sewage, it gave a GWP of
41.3%. However, subsequent action following wastewater
management adds significant value to the GWP, MDP, and
ODP assessments (Enstrom et al. 2019). The three outcomes
showed a reduction in the cost of reusing treated water for
other purposes. Functional water, on the other hand, cannot
be utilized as drinking water. Watering plants (garden-
ing) or irrigation systems for rice fields are the following
applications.

The most important thing from the article review analysis
that I have done is on the sludge produced from wastewater.
The most important thing is that it has not considered sludge
for fields and can be used as a fertilizer substitute. Studies
like these can guide authorities and governments to opti-
mize process parameters to reduce environmental impacts.

a Pl Tl EBG D

Frances Roi Seston Tampubolon et al.

Although in wastewater management, it is for the reuse of
water for the purposes it is intended for, and it is necessary
to consider environmental protection. At the time of waste-
water management will require electrical energy needs to do
it. Electrical power is whether using fossil energy sources
or using electrical energy from renewable energy (An et al.
2019). Suppose the use of electricity still uses fossil energy,
of course. In that case, it will impact the potential for global
warming or the potential for depletion of the ozone layer.
Therefore it provides an LCA (life cycle assessment) analysis
in the process. This is very important because it has been
explained at the beginning of the introduction in this review
article that LCA analysis will require a goal or goals to be
achieved. When treating wastewater, the limitations will
yield the best outcomes. If the limit is to reuse water, it must
be verified that it has no substantial environmental impact
during the processing process, either through emissions or
later environmental improvements.
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CONCLUSION

This paper presents an assessment of wastewater treatment
along a watershed. The results obtained have provided
information that the electricity required to carry out the
entire treatment process (water collection, sludge activation,
treatment, purification, and redistribution) has the highest
impact across all category assessments. Moreover, the use
of water for irrigation purposes reduces the impact caused
by the treatment process to a large extent and ultimately re-
duces the environmental burden. It should be noted that the
global warming potential increases with treatment, but the
water depletion potential decreases. The research helps deci-
sion-makers to make informed decisions to choose between
medicine or no treatment (no reuse) of wastewater. This may
be observed in the results of MDP and ODP tests performed
before and after the effluent was treated. The GWP value had
a GWP of 16 per cent before being treated in wastewater,
and it had a GWP of 41.3 per cent after being treated with
sewage. The analysis in this work is restricted to the system
boundaries (gate to gate) and research considerations.

This study has not considered sludge for fields and can
be used as a substitute for fertilizer. Studies such as these
can guide authorities and governments to optimize process
parameters to reduce environmental impacts. This wastewater
treatment model can be continued to assess the ecological
impact in larger areas such as large or small cities, where the
supply network and redistribution of wastewater also play
an essential role in energy consumption. Therefore it will
be interesting to look at the negative environmental impacts
with the combined treatment and positive effects of reusing
treated water and using sludge as compost for gardening or
agriculture.
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