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PREFACE

Thanks to Allahu Robbie 'Alamin, Journal of Industrial Pollution Prevention Technology (JRTPPI) again will publish
scientific articles, especially in the field of environmental technology for volume 13 no 2. Our high appreciation is directed to
the authors and editorial board who have actively participated so as to maintain consistency of quality and punctuality of our
periodic publications. We would like to acknowledge our high appreciation to the head of Center for Standardization and
Industrial Pollution Prevention Services, Ministry of Industry.

This edition of the issue is five series published that in full-text English. This continous policy is an attempt of the
editorial board to improve the author's performance in delivering the results of their researches. Articles in full-text English are
more likely to be read by broader audience so that it will increase the number of citations. This policy is also applied in order to
actualize our hope of being a globally indexed international journal.

The articles contained in this edition consist of studies concentration of carbon dioxide in urban areas, evaluation of
implementation integrated biological system industrial wastewater treatment, studies mechanical and physical properties of
geopolymer concrete, kinetic analysis of chicken eggshells and membrane against synthetic dye and analysis of potential
utilization geothermal combined cycle residual in industrial. The five manuscripts accepted and published in this edition are
from researcher and lecturer in Indonesia. The duration of submission, review, and editing of the manuscripts ranged from 1-6
months.

Hopefully, these scientific articles may be new source of knowledge and experience for readers from academic,
researcher, industry, and society at large. We realize that nothing is perfect until the improvement of all parties involved is

continuously done.

Semarang, November 2022

Chief Editor
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ABSTRACT

Published on 10 November 2022

Haryono Setiyo Huboyo*!, Okto Risdianto Manullang?, Budi P

Samadikun'!

('Department of Environmental Engineering, Diponegoro University
“Department of Urban and Regional Planning, Diponegoro
University)

Identifying Concentration of Carbon Dioxide at Heights of 1.5 M
and 15 M in Six Locations in Urban Areas

Jurnal Riset Teknologi Pencegahan Pencemaran Industri, November
2022, Vol. 13, No. 2, p. 1-9, 8 ill, 2 tab, 21 ref

Several activities in urban areas emit CO2 gas and the amount of the
emission is closely related to land use. This will, in turn, increase
global warming phenomena in urban areas. So far, the estimation of
pollutant concentrations in the ambient air has been carried out at the
height of human breath, and very rarely the concentration values at
low-level altitudes have been studied in Indonesia. This study tries to
analyze the CO: concentration based on different altitudes and
different locations.
Measurements of this study were carried out in industrial, residential,
commercial, and highway areas using drones at two altitudes of 1.5 m
and 15 m. The use of altitude variations to know the homogeneity of
CO: spatial distribution at different heights. The results of the study
showed COz concentrations on weekday mornings and afternoons,
and weekend mornings in the sampling areas at 1.5 m and 15 m in
the range of 393 — 462 ppm and 391 — 460 ppm, respectively. The
statistical test showed that there is no significant CO2 concentration
difference between altitudes of 1.5 m and 15 m, with only a 0.17%
difference value on average. The Tugu Industrial Estate area has the
highest concentration of COa, while the area on Jalan Perintis
Kemerdekaan has the lowest concentration.

(Author)
Keywords: Carbon Dioxide, Commercial, Housing, Industrial
Estate, Unmanned Aerial Vehicles

Evaluation of the Implementation Integrated Biological System
Industrial Wastewater Treatment Plant: Pollutant Removal,

Operational Maintenance, Estimation of Carbon Emission

Jurnal Riset Teknologi Pencegahan Pencemaran Industri, November
2022, Vol. 13, No. 2, p. 10-20, 4 ill, 9 tab, 37 ref

The development of WWTP in business activities needs to pay
attention to getting appropriate WWTP that is more valuable to
support sustainable development. This study aims to evaluate two
systems of integrated biological WWTTP; anaerobic-wetland, and
anaerobic-aerobic-wetland, including the effectiveness of pollutant
removal, operational and maintenance, and estimation of carbon
emissions. The performance of pollutant removal was evaluated by
analyzing inlet and outlet samples of WWTP. An operational and
maintenance evaluation was carried out by studying the WWTP
operating system and maintenance procedures supported by a
literature review. Carbon emission estimation was carried out using a
formula referring to the IPCC Guidelines (2006). Organic matter
removal of anaerobic-aerobic-wetland WWTP in the form of BODj;
and COD are 92.12% and 91.72%, respectively, higher than
anaerobic-wetland WWTP are 88.69% of BODs and 77.62% of
COD. Anaerobic-acrobic-wetland WWTP needs more maintenance
and operation than anaerobic-wetland WWTP. The highest carbon
emission of both WWTP is 41530.91 kgCO, eq/year of anaerobic-
wetland WWTP from the organic matter removal process and
46485.15 kgCO, eq/year of anaerobic-acrobic-wetland WWTP.
Electrical energy consumption emits in anaerobic-acrobic-wetland
WWTP is 22338 kgCO, eq/year higher than anaerobic-wetland
WWTP at 4299.70 kgCO, eq/year. Total carbon emissions of
anaerobic-wetland WWTP is 47404.58 kgCO, eq/year and
anaerobic-aerobic-wetland WWTP is 68900.23 kgCO, eq/year.

(Author)
Keywords: Carbon emission, Integrated biological system, Pollutant
removal, WWTP evaluation

Nanik Indah Setianingsih*!, Agus Purwanto?, Farida Crisnaningtyas?,
Ikha Rasti Julia Sari*

(*National Research and Innovation Agency
2Center for Standardization and Industrial Pollution Prevention

Services)

Muhammad Amin*!, Yugo Chambioso?, Suharto', Roniyus
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(*National Research and Innovation Agency
*Physics Department, Faculty of Mathematics and Natural Science -

Universitas Lampung)
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The Effect of Bentonite and Palm Shell Ash on The Mechanical and
Physical Properties of Geopolymer Concrete

Jurnal Riset Teknologi Pencegahan Pencemaran Industri, November

2022, Vol. 13, No. 2, p. 21-27, 8 ill, 3 tab, 17 ref

Geopolymer concrete is an alternative to obtaining environmentally
friendly mortar by synthesizing materials that contain a lot of
aluminum silicate. This study aims to determine the effect of
bentonite and palm shell ash composition on geopolymers' physical
and mechanical characteristics. All materials are mashed, mixed, and
molded with a 5x5x5 cm?® cube. Ten specimens were prepared with
bentonite - palm shell ash compositions are 40/45, 45/40, 50/35,
55/30, and 60/25 wt%. Meanwhile, the composition of NaOH,
Na2SiOs, superplasticizer and water remained at 1.3, 7.7, 2, and 5
wt%, respectively. Then the samples were dried at room temperature
for 24 hrs and heated at 60 °C or 80 °C for 12 hrs. The geopolymer
concrete with the best characteristics was obtained with a composition
of 40 wt% bentonites and 45 wt% palm shell ash by heating at 80 °C.
This specimen has a compressive strength of 11.94 MPa with a density
of 2.42 g/em®, porosity of 8.43%, and absorption of 3.48%. The
results have a chemical composition of 55.59% SiO,, 9.45% ALOs,
and 8.22 Fe;Os with a dominant quartz phase. Scanning electron
microscope photo shows good bonding between particles, and there
are no pores formed.

(Author)
Keywords: Bentonite, Concrete, Compressive Strength, Geopolymer,
Palm Shell Ash

were analyzed from the optimal contact time data, and the reaction
isotherm was analyzed from the adsorption optimal concentration
data. The kinetic model that fits the research is the second pseudo-
order with R? = 0.9998. The adsorption mechanism demonstrates that
the adsorption capacity is proportional to the adsorbent's active sites.
The adsorption isotherm model, with R? = 0.9748, is more closely
related to the Freundlich isotherm model, indicating that adsorption
occurs in several layers. From an economic point of view, chicken egg
shells and membranes can be recommended as dye absorbers that are
eco-friendly, efficient, and simple to obtain while lowering organic
solid waste.

(Author)
Keywords: Adsorption, Dyes, Indigo Carmine, Isotherm, Reaction
Kinetics

Linda Hevira*', Gampito?

(*University of Mohammad Natsir, Bukittinggi, Indonesia

Islamic University of Mahmud Yunus, Batusangkar, Indonesia)

The Kinetic Analysis and Adsorption Isotherm of Chicken Egg Shells
and Membranes Against Synthetic Dyes

Jurnal Riset Teknologi Pencegahan Pencemaran Industri, November
2022, Vol. 13, No. 2, p. 28-36, 4 ill, 3 tab, 34 ref

Textile industry waste at this time is enough to worry the community
and the environment. The presence of synthetic dyes in water is
hazardous, even in small concentrations. These synthetic dyes are
derivatives of aromatic compounds such as benzene, toluene, and
naphthalene, which are more resistant and stable than natural dyes.
The adsorption method is used because it is easier to do, has no side
effects, and does not require complicated and expensive equipment.
In this study, the shells and membranes of discarded chicken eggs
became useful as an absorbent of indigo carmine dye with an

adsorption capacity of 6.399 mg/g. The adsorption reaction kinetics

Jonius Christian Harefa*!, Hadiyanto?, Udi Harmoko?

(*Master of Energy, Diponegoro University, Semarang, Indonesia
“Chemical Engineering, Diponegoro University, Semarang, Indonesia
*Department of of Physics, Diponegoro University, Semarang,

Indonesia)

Analysis of Potential Utilization of Sarulla Geothermal Combined
Cycle Residual Fluids for Direct Use in The Coffee Industry

Jurnal Riset Teknologi Pencegahan Pencemaran Industri, November
2022, Vol. 13, No. 2, p. 37-50, 10 ill, 10 tab, 28 ref

The Geothermal Power Plant is one of the new renewable energy
power plants. In Indonesia, the realization has reached 2%. Sarulla
Operations Limited is the first geothermal power plant in Indonesia,
located in North Tapanuli Regency, that utilizes combined cycle
technology. Coffee is the leading commodity in the North Tapanuli
district, with a plant area of 17,586 hectares. Coffee is dried in the
traditional way (open field drying) so that it is still constrained by rain
and cloudiness and can only be done during the day. The reinjection
well fluid has a temperature of 103°C with a flow rate of 4978 t/h and
a pressure of 6-14 Bar. This study analyses the residual fluid energy
for coffee drying purposes. Energy and exergy calculations are done
manually and using DWSIM software with a total of 24 data points
24 hours a day to represent the availability of dryers both day and
night. The results showed that the most energy needed to raise the
drying air temperature at night from 15°C to 60°C was 125.62 kW,
while the lowest energy needed to raise the drying air temperature
during the day from 30°C to 40°C was 27.92 kW. The results of
research calculations show the energy potential for residual fluid from
geothermal plants to be used for drying coffee for 24 hours, both day
and night.

(Author)
Keywords: Coffee, Direct Use, Geothermal, Residual Fluids, Sarulla
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Several activities in urban areas emit CO, gas and the amount of the emission is closely related
to land use. This will, in turn, increase global warming phenomena in urban areas. So far, the
estimation of pollutant concentrations in the ambient air has been carried out at the height of
human breath, and very rarely the concentration values at low-level altitudes have been studied
in Indonesia. This study tries to analyze the CO, concentration based on different altitudes and
different locations.

Measurements of this study were carried out in industrial, residential, commercial, and highway
areas using drones at two altitudes of 1.5 m and 15 m. The use of altitude variations to know
the homogeneity of CO, spatial distribution at different heights. The results of the study
showed CO; concentrations on weekday mornings and afternoons, and weekend mornings in
the sampling areas at 1.5 m and 15 m in the range of 393 — 462 ppm and 391 — 460 ppm,
respectively. The statistical test showed that there is no significant CO; concentration difference
between altitudes of 1.5 m and 15 m, with only a 0.17% difference value on average. The Tugu
Industrial Estate area has the highest concentration of CO», while the area on Jalan Perintis
Kemerdekaan has the lowest concentration.

1. INTRODUCTION

Global warming, whose main source is CO, gas
emissions, has been studied worldwide by many researchers,
and the largest emitter of CO; is mainly caused by various
human activities (Ahundjanov & Akhundjanov, 2019).
Several direct and indirect impacts will occur when the
concentration of CO2 gas in the atmosphere is very high
(Houghton, J.T., GJ. Jenkins, 2018). Based on current
measurements, average global CO, concentrations have
reached around 417 ppm, which is a 50% increase from the
18th century (Betts, 2021). There are three main factors
related to human activities that produce CO, emissions,

namely the use of buildings, industrial activities, and the

*Correspondence author.
E-mail : huboyo@gmail.com (Haryono Setiyo Huboyo)

doi : hetps://10.21771/jreppi.2022.v13.n0.2.p1-9

increasing number of vehicles for transportation. The
nature of the resulting CO, emission, which is the main
greenhouse gas (GHGs), has a temporal and spatial
distribution. In India, based on the data obtained from the
monitoring program, it is found that the major contributors
are from the industry (Chaudhari et al., 2007). Meanwhile,
in 2010 the main contributor to GHGs emissions in
Indonesia was the forestry sector (49%), followed by energy
use (34%) (KLHK, 2021). Meanwhile, related to energy use
in daily activities, the energy use for residential buildings,
commercial activities, and office areas is a contributor to
GHG emissions in the building sector. The high

concentration of CO, in the ambient can also affect the

2503-5010/2087-0965© 2021 Jurnal Riset Teknologi Pencegahan Pencemaran Industri-BBSPJPPI (JRTPPI-BBSPJPPI).

This is an open acces article under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/).
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concentration of CQO,; in the indoor air (Kim & Choi,
2019). The high concentration of inhaled CO, poses a
dangerous risk for indoor occupants (Brown et al., 2017).
In addition, Earth's temperature is getting higher due to the
increasing amount of CO; in the atmosphere (Liu, Wagqas,
Wang, Xiong, & Wan, 2017). The high temperature on
earth is due to the reflection of sunlight energy into space
that has reached the earth.

UAVs (Unmanned Aerial Vehicles or drones)
equipped with air quality monitoring devices have been
widely used to improve monitoring efficiency and accuracy
nowadays. With the increasing number of air pollution
episodes that need to be handled quickly, UAVs equipped
with air monitoring devices are widely used to detect air
pollution in various areas (Yao, Wei, Zhang, & Li, 2018).
During in situ air quality measurement, UAVs could be
equipped with various sensors. Thus making this method
more effective and becoming a trend, especially in the study
of air quality and climate change (Villa, Gonzalez, Miljievic,
Ristovski, & Morawska, 2016). Generally, serial gas sensors
and microcontrollers are integrated into the UAV to ensure
the implementation of the air quality monitoring system.
With this system, measurements of air quality or GHGs can
be carried out at various heights according to the operating
height of the UAV (Abdelrahman, Balkis, Abou-Elnour, &
Tarique, 2018).

Currently, air pollutant monitoring systems using
UAVs can be used in a real-time mode so that they can
better describe the real conditions at the measurement
location. The integration of the sensors in the UAV with the
measuring coordinate position on earth can be facilitated by
the system's modular design. These tools can be carried
simultaneously on the UAV (Gu, R. Michanowicz, & Jia,
2018). However, the use of UAVs for air quality
measurements has a weakness, namely the limited flight
time because it is limited by the characteristics of the UAV
size (rotor size, rotor configuration, diameter) and the
weight of the UAV itself (Al-Hajjaji, Ezzin, Khamdan,
Hassani, & Zorba, 2017). Therefore, before the experiment,
the detector is mounted on a UAV with a position that is

minimally disturbed by rotor rotation by being analyzed

based on a Computational Fluid Dynamics (CFD)
simulation (Zhou, Peng, Wang, Shen, & Liu, 2018).

Various types of UAVs have been developed, some
of which include fixed-wing aircraft, helicopters (chopper),
multi-copter, parachute and glider motors, UAVs with
vertical take-off landing, assembled UAVs, and
commercialized UAVs (Hassanalian & Abdelkefi, 2017).
All types are made based on certain interests and have their
own advantages and disadvantages. Current UAV
implementations include environmental ~monitoring,
traffic management, pollution monitoring, civil security
control, and shipping of goods (Mohamed, Al-Jaroodi,
Jawhar, Idries, & Mohammed, 2020). Air quality
assessments have traditionally been carried out by
monitoring land bases with manned aircraft or satellites.
To measure the effects of atmospheric pollution on human
health and the environment, detailed information about
the characteristics of aerosol spatial distribution and
pollutant concentration is needed (Peng, Wang, Wang,
Gao, & Lu, 2015). However, data from land bases and
satellite measurements are relatively sparse and often
inadequate in terms of not having enough data to be used
for ground-level analysis in the source-receptor study. In
addition, satellites and land-based sensors require expensive
costs that result in limitations in the analysis. The
limitation related to effectively measured spatial aerosol
distribution triggers the use of UAVs for atmospheric
measurement and monitoring. UAV methods can cover
large areas and can monitor locations that are remote,
dangerous, or difficult to access, increasing operational
flexibility and resolution of land-based methods (Villa et
al., 2016). The advantages of UAVs compared to other
methods include accuracy, flexibility, flexible height
exploration, and continuous data collection (Babaan,
Ballori, Tamondong, Ramos, & Ostrea, 2018).

This study aims to analyze differences in CO, gas
concentrations based on different heights. Six locations were
selected for research observation sites which represent

industrial, commercial, residential, and transportation areas.
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2. METHODS
In this study, 6 different study sites were selected in

the city of Semarang, which represent industrial, residential,
transportation, and commercial areas. At that six locations,
30 points of CO; concentration (each location site has 5
points measurements) were measured and measured at
different heights (1.5 m and 15 m). Tugu Industrial Estate
in the North-Western Part of Semarang was selected to
represent the industrial area. The commercial area includes
2 different locations, namely the Paragon City Mall area and
the Ada Swalayan Setiabudi area. Measurement in the
housing area took place at Tugurejo Village and housing,
Central Semarang. While Perintis Kemerdekaan, as an
inter-province connection road, was chosen to represent the
use of transportation land. To represent the conditions in
the field, measurements were made on weekdays and
holidays in the morning and evening. Measurements were
carried out in the period 13 July - 22 July 2019. Location
details (location description, coordinates, and map) are
shown in Table 1.

Sampling was carried out using AZ Instrument
China CO; meter production with type AZ-7755 which
was calibrated with the manufacturing standard (calibrating
at 400 ppm standard CO,). This tool has a reading
Table 1. Site Sampling Description

specification of CO; gas concentrations in the numbers 0 to
2000 ppm with an accuracy of + 5%. CO; concentration
readings run every second. The response time for measuring
CO; gas is 30 seconds, with a warm-up time of 30 seconds.
Furthermore, CO, meters will be installed in the UAV body
and flown using a UAV-type DJI Phantom 4 Standard,
which has the specifications for the farthest flight range of
3.1 miles with a flying time of 28 minutes. This is a small
UAV that has an operating altitude of < 1200 ft and a
weight of only 1.38 kg. DJI Phantom 4 is capable of flying
with a maximum speed of 44.7 mph. CO, measurements
were carried out at an altitude of 1.5 m and 15 m with 2
repetitions. Before flying, wait 30 seconds to wait for the
CO; meter warm-up time. After 30 seconds, the UAV was
flown to the first height of 1.5 m and measured for 10
seconds, then to the second height of 15 m and again
measured for 10 seconds. Due to the measurement
repetition, thus we got 20 measurement events at each
point. Thus, the CO; concentration data obtained from the
measurement results amounted to 40 data with 20 data for
each height. The measurement data storage is done by
recording the CO, meter screen using a UAV camera which

is then stored on a microSD.

Location Coordinates Map
Tugu 6°58'29.84"-
industrial area  6°57'55.73"S

110°19'31.43"-
110°20'5.24"E

Location Coordinates Map

Tugurejo 6°59'1.72"- £

residential area 6°59'0.62"S
110°20'39.50"-

110°21'20.83"
E

Mall Paragon  6°59'4,64”— ADA Supermall ~ 7°3'28.88"-7°

City area 6°58’56,92” S 3'50.53"S
110°24°33,04”— 110°24'41.59"-
110°24°58,02” 110°24'45.71"
E E

Central 6°59’1,58"— Perintis 7°4'36.71"-

Semarang 6°59°1,15” S Kemerdekaan 7°6'8.51"S

residential road

area 110°25’9,84"— 110°24'41.65-

110°25’33,08”
E

110°24'33.48"
E
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Figure 1. Distribution of CO, Concentration at Each Measurement Point on Weekend-Weekday and Morning-Afternoon

Conditions

3. RESULTS AND DISCUSSION

Measurements were made during the dry season, so
there was no rain during the measurement period. Figure 1
shows the distribution of the measurement results (averaged
10 times measurements) for each location on weekday-
weekend and morning-evening conditions for point 1 (S1)
to point 5 (§5). Figure 1 revealed that there is a difference
in the average concentration between locations, but in one
location, there is no difference in the average concentration
at the height of 1.5 m and 15 m.

The following Table 2 shows a recapitulation of the
measured CO; gas results.

Based on table 2, CO, concentration from 1.5 m to
15 m height tends to decrease. The condition in which 1.5
m height is closer to the source of emission and gradually
gets further until the height of 15 m, altering this reduction
of CO, concentration. The wind speed ratio at Semarang

during the measurement period ranged from 1.34 to 1.37

according to secondary data on wind speed (Figure 2)
(Significantly different). Therefore, it was reasonable to
predict that the wind speed between 1.5 m and 15 m heights
varied significantly. According to Turgut & Usanmaz
(2016), the reduction of CO, concentration is also caused
by wind speeds that increase along with the level of land
surface elevation. In line with the results of the study of
Tasi¢, Kovacevi¢, & Milosevi¢ (2013), the higher the wind
speed, the concentration of gas in the air will be smaller
because the gas is carried by the wind away from the
measurement location.

To test the assumption above, data on CO;
processed with SPSS
Independent sample T-test revealed that all Sig. (2-tailed)

concentrations were analysis.
results are more than 0.05. Therefore, it can be said that
there is no statistically significant difference between the
average CO, gas concentration measurements at 1.5 m and

15 m. The significant variation in wind speed had little
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impact on CO, concentration at these two heights since 5

both locations are presumably too close in the distance.
Thus, CO, gas concentrations are not significantly
different.

It is necessary to know the variation in different

CO,

homogeneity of concentrations

at certain altitudes to see the

based

Furthermore, the Surfer program is used to map the CO,

concentrations

wind speed {m/s)

on altitude.

distribution to make it easier to describe the spatial

HZm B10m

Date of July 2019

The

distribution of CO, concentrations for each measurement

distribution. following Figures represent the

* Data taken from NASA USA (NASA, 2022)
Figure 2. Wind Speed at Altitude of 2 m and 10 m

location.

Table 2. Recapitulation of CO, Gas Measurement Results

Concentration CO; (ppm) Independent
Location Sampling time Measurement 1 Measurement 2 T-Test Sig.
1,5m I5m  %reducdon 1,5m 15m % reduction  (2-tailed)
Weekend Morning 434.42 428.78 1.30 428.56 426.9 0.39
Tugu Weekend Afternoon 420.18 418.66 0.36 419.46 417.66 0.43
industrial area  Weekday Morning 462.16 460.92 0.27 459.46 458.14 0.29
Weekday Afternoon 429.56 428.7 0.20 427.94 426.2 0.41 0.254
Weekend Morning 427.28 427.76 0.11 427.54 426.8 0.17
Tugurejo g kend Afernoon 426,04 423.9 0.50 4253 42358 040
residential
area Weekday Morning 419.54 419.28 0.06 417.58 415.6 0.47
Weekday Afternoon 417.18 415.64 0.37 417.6 416.04 0.37
Weekend Morning 411.34 410.34 0.01 405.94 404.96 0.009
ADA Weekend Afternoon 408.34 406.24 0.021 408.96 405.58 0.034
Supermall Weekday Morning 412.72 412.3 0.004 413.46 412.1 0.014
Weekday Afternoon 433.86 431.36 0.025 432.2 428.72 0.035 0.597
Weekend Morning 398.44 398.06 0.004 393.32 391.6 0.017
Ilz:rririletrifiekaan Weekend Aficrnoon  404.5 40144 0031 40456 40154  0.030
road Weekday Morning 401.46 399.36 0.021 403.64 400.12 0.035
Weekday Afternoon 401.62 401.06 0.006 403.86 400.96 0.029
Weekend Morning 424,22 422,66 0,016 420,24 421,2 -0,009
Mall Paragon Weekend Afternoon 426,58 424,68 0,019 423,54 4231 0,004
City area Weekday Morning 431,9 431,52 0,004 430,98 429,04 0,019
Weekday Afternoon 436,34 436,08 0,003 436,3 435,24 0,011 0.754
Central Weekend Morning 447,5 445,5 0,02 441,64 441,12 0,005
Semarang Weekend Afternoon 422,9 420,72 0,022 420,3 418,9 0,014
residential Weekday Morning 457,48 455,92 0,016 4547 453,52 0,012
area Weekday Afternoon 441,78 437,4 0,044 438,7 437,62 0,011
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Figure 3 and Figure 4 below show the distribution
of CO; concentrations in the Tugurejo District and Tugu
Industrial Estate.

Figure 3 and Figure 4 revealed that Tugu Industrial
Estate had a higher CO, concentration than Tugurejo sub-
district housing. In comparison to the residential sampling
area, Tugu Industrial Estate probably has more pollution-
producing sources. The confluence of the road and the
railroad line at Tugu Industrial Estate frequently results in
traffic bottlenecks during peak hours. In addition, the
emission load from factories at Tugu Industrial Estate is also
quite large. On the weekend afternoon, however, CO,
concentrations in Tugu

Industrial estates were lower than Tugurejo
Housing. The reduction of industrial activity by all
companies in Tugu Industrial Estate during weekend
afternoon presumably takes part in this CO, concentration
drastic decline. Therefore, it can be concluded that the
source of emissions came from all activities that support the
production process within Tugu Industrial Estate. While
the cross-section image of the 3D map shows that the
concentration value at an altitude of 1.5 m tends to be

higher than the concentration at an altitude of 15 m, the

difference in concentration between altitudes is not
significant.

Figure 5 and Figure 6 below show the distribution
of CO; concentrations in the Commercial Area of the ADA
Mall and the Perintis Kemerdekaan Road.

Figures 5 and 6 show that the Commercial Area of
the ADA Mall has greater CO, concentrations than the
Perintis Kemerdekaan Road. This is due to the
supermarket's high building density in the commercial area,
which results in poor air circulation. Due to its location at
the intersection of three major roads—the toll road, Perintis
Kemerdekaan Road, and Setiabudi Road—ADA Mall sees
a lot of traffic. A high-level emission in this location is also
a result of activity in the mall parking lot. These finally led
to CO; concentration values that were greater than those on
Perintis Kemerdekaan road. The findings of CO,
concentrations in the morning and evening at the same
location point are not significantly different, as shown in
Figures 5 and 6. However, the CO, concentration can vary
greatly across these two different sites. In conclusion, rather
than having a vertical or temporal distribution, CO, gas was

distributed spatially.
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Figure 3. Map and Cross section of CO, Concentration Figure 4. Map and Cross section of CO, Concentration

Distribution in Tugu Industrial Estate and Tugurejo Village

Housing in Weekend

Distribution in the Tugu Industrial Estate and Tugurejo

Village Housing on Weekday
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Figure 7. Map and Cross section of CO, Concentration Figure 8. Map and Cross-section of CO, Concentration

Distribution in Paragon Mall Commercial Area and Housing  Distribution in Paragon City Mall Commercial Area and

Around Central Semarang at Weekend

The distribution of CO, concentrations in the
Paragon Mall's commercial area and the housing near
Central Semarang is depicted in Figures 7 and 8 below.
According to Figures 7 and 8, the Central Semarang
Housing area tends to have a higher distribution of CO, gas
on weekday and weekend mornings, as seen by the

significant CO, concentration on the right. This is brought

Housing Around Central Semarang on Weekday

on by household and domestic-related activities, as well as
high waste disposal that produces additional CO, emissions.
However, on a Saturday afternoon, the Paragon Mall's
commercial area had a greater CO, concentration as a result
of increased commercial activity, which was reflected in an
increase in the number of visitors. According to the cross-

section analysis, although there is no significant difference
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in concentration between the heights, the concentration at
1.5 m tends to be larger than the concentration at 15 m.

There was no significant difference in CO, gas
content between 1.5 m and 15 m, per the findings of
measurements taken at all six locations. As a result, gas
measurements at the height of around 15 m are equivalent
to 1.5 m. However, given that they have a larger density
than gas, particulates as a contaminant need more study.
The fact that there are variations in CO, gas content and
spatial distribution is another intriguing fact. This suggests
that it is important to quantify pollutant concentrations in
a more constrained location in order to assess the impact of
air pollution on health. This is to prevent inhalation
concentration bias in health impact studies due to the spatial
distribution of pollutants.

Above all, there are drawbacks in this study where
the level of accuracy of the instrument is 5% while the
difference in measurement results is <5%, especially those
in commercial and residential areas, so the differences that

occur are still within the error range of the CO, monitor.

4. CONCLUSION
According to the study's results and discussion, we
can draw the following conclusions:

1. The results of carbon dioxide (CO,) gas concentration
measurements from 6 regions show that the Industrial
area has the highest CO, concentration value. Complex
sources (transport and industry) influence air pollution,
particularly in Tugu Industrial Estate, resulting in higher
carbon dioxide (CO,) gas concentration compared to
the other measurement locations.

2. Based on the statistical analysis, there are no significant
differences in CO; concentrations at 1.5 m and 15 m at
any of the measurement sites. Only 0.17 percent, on
average, separates the concentration at 1.5 and 15 meters
sampling points. However, there are variations in the
spatial distribution of CO; gas concentration.

Reflecting on the results of this study, measuring
gas concentrations in urban areas, where setting up the
instrument at the height of human breath is constrained by
the location condition, then measurements at an altitude of

up to 15 m instead of 1.5 m above ground are still feasible

to be done. Further research is needed to determine whether
the particulate parameters at the height of 15 m could be

done similarly.
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Article history: The development of WWTP in business activities needs to pay attention to getting appropriate
Received 15 August 2022 WWTP that is more valuable to support sustainable development. This study aims to evaluate
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wetland WWTP are 88.69% of BODs and 77.62% of COD. Anaerobic-aerobic-wetland
WWTP needs more maintenance and operation than anaerobic-wetland WWTP. The highest
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from the organic matter removal process and 46485.15 kgCO, eq/year of anaerobic-aerobic-
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wetland WWTP. Electrical energy consumption emits in anaerobic-aerobic-wetland WWTP is
22338 kgCO, eq/year higher than anaerobic-wetland WWTP at 4299.70 kgCO, eq/year.
Total carbon emissions of anaerobic-wetland WWTP is 47404.58 kgCO, eq/year and
anaerobic-aerobic-wetland WWTP is 68900.23 kgCO, eq/year.

1. INTRODUCTION as stated in the Minister of Environment Regulation No. 68
of 2016 and P.16/Menlhk/Setjen/Kum.1/4/2019.

Water and Sanitation Hygiene (WASH) is one of
The development of WWTP in business activities

the crucial things to be concerned about in the world due to
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climate change. WASH climate-resilient development is one by ’ & 8

. o . the right technology to treat pollutants in wastewater
of the programs in realizing the Sustainable Development & & P ’

L . investment and operational costs, the presence of by-
Goals, one of which is the construction of WASH facilities P ’ P Y

roducts, and the carbon emissions generated from the
such as wastewater treatment plants (WWTP) to treat p ’ &

. . . . wastewater treatment process. 1The appropriate WWTP will
domestic and industrial wastewater. In Indonesia, the b bprop

_ _ ) be more economically valuable and encourage WWTP
Government has required the treatment of industrial and

. , o operations'  sustainability =~ to  support  sustainable
domestic wastewater generated from every business activity

development.
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Domestic and industrial wastewater generally
contains high amounts of organic substances that
potentially emit carbon emissions. Therefore, several
technologies have been applied in treating both industrial
and domestic WWTP wastewater there are chemical-
physical (Mukimin et al., 2017; Vistanty et al., 2015;
Crisnaningtyas and Vistanty, 2016), aerobic-anaerobic
treatment (Yuliasni et al., 2017; Novarina et al., 2020), and
wetlands (Moenir et al., 2014; Marlena et al., 2018).

In order to support the achievement of climate
resilience, the selection of WWTP technology should follow
the Climate Smart-WASH Technology criteria in the IPCC
(2006). Furthermore, not only effective in degrading
pollutants in wastewater, but the operated WWTP should
also have minimum carbon emissions that lead to the least
possible impact on climate change.

Biological WWTP can be an effective option in the
treatment of wastewater from business activities, both
industrial and domestic wastewater. In full-scale
application, integrated biological technology has been
applied to meet the requirement effluent standard
(Setianingsih et al., 2021). One of the advantages is an
integrated biological system capable of treating the
combined wastewater (Setianingsih et al., 2020). In
operation, biological WWTP is fewer chemicals than
physical-chemical WWTP and does not discharge toxic &
hazardous by-products (Ng. et al., 2014; Marlena et al,,
2016). On the other hand, biological WWTP potentially
produce carbon emissions. Therefore, the evaluation of
implemented WWTP is needed to determine the
effectiveness and impact on the environment to achieve the
right technology in wastewater treatment. This study aims
to evaluate two systems of integrated biological WWTP,
including the effectiveness of pollutant removal, operational
and maintenance, and estimation of carbon emissions for
supporting the improvement of sustainable development

and reducing global warming.

2. METHODS
This research evaluated two systems integrated

biological WWTP implemented in the industrial sector,

PT. Reckitt Benckiser and Hotel Griya Persada; both
wastewater treatment plants treat domestic wastewater.
However, the domestic activities of PT. Reckitt Benckiser
are bathroom activities, washing, and ablution, whereas the
domestic activities of Hotel Griya Persada are bathroom
activities, washing, catering, and ablution. Furthermore, the
system of WWTP implemented at PT. Reckitt Benckiser
consisted of anaerobic-wetland. Meanwhile, the system of
WWTP at Hotel Griya Persada consisted of anaerobic-
aerobic-wetland. The evaluation of the WWTP system is
carried out by analyzing several categories, including the
performance of pollutant removal, operational and
maintenance of WWTP, and estimation of carbon

emissions.

2.1.  Performance of removal pollutant

Evaluation of pollutant removal performance was
carried out of two WWTP systems by analyzing inlet and
outlet samples of the WWTP with the same wastewater
parameters, including pH, BODs, COD, TSS, oil & grease,
total coliform, and MBAS.

2.2, Operational dan maintenance of WW1TP

The WWTP operational and maintenance
evaluation was carried out by studying the WWTP
operating system and maintenance procedures, including
supporting units and equipments, control parameters, the
potency of by-products, additives in operational, energy use,

and supported by a literature review of several biological

WWTP applications.

2.3. Carbon emission estimation

Carbon emission estimation was carried out using a
formula referring to the Guidelines for National
Greenhouse Gas Inventories (IPCC, 2006). The primary
data used were debit, organic matter removal, time of energy
use, and BODs effluent. Calculation of carbon emissions
from the wastewater treatment sector using the IPCC

Guidelines 2006 method is formulated as follows:
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2.3.1.  Calculation of carbon emissions from wastewater treatment processes

Emission CH, (%) = Q X (organic matters,emopeq) X EF X GWP¢y, X 365 dayGW Py, = 25 (1)
EF = 0.131 kgCH,/kgCOD, emoved )
TCOD : TBOD ratio (Blackwater and Combined Wastewater) : 2.5 : 1 (3)
EF NO, = 0.16 kg N,O — N/kgN 4)

2.3.2.  Calculation of carbon emissions from the use of electrical energy

Emission CO, (%) = watt X hour x EFC0, X 1073 X 365 day (5)

EFCO, = 0.5 kgCO,eq/kWh ©)
2.3.3.  Calculation of carbon emissions from the effluent

Emission CH,(kgCO,eq/year) = Q X BODgsy X EF X GW Py, X 365 day 7)

Emission N;0(kgCOzeq/year) = Q X INesy X EF X () X GWPy, o X 365 day )

GWPy,, = 298 )

EF :0.06 kgCH,/kgCOD,emovea and 0.005 kg N,O — N/kgN (10)
2.3.4. Calculation of carbon emissions from sludge

Emission CH,(kgCO,eq/year) = fS,emovea X fSvotume X EF X GWP¢y, X 107° X 365 day (11)

Annotation

Q: flow rate of wastewater
EF: emission factor

Total carbon emissions from wastewater treatment systems are (1+2+3+4) kg CO,eq/year.

3. RESULT AND DISCUSSION Table 1. Performance of removal pollutant of anaerobic-
3.1.  Performance of removal pollutant wetland WWTP

The wastewater treatment plant evaluated in this No  Parameter analysis result %
study is an integrated biological system. In full-scale Inlet Outet  Removal
application, the integrated system of several treatment units T BOD. TG 3 88.69
is mainly applied (Tianzhi etal., 2021) to effectively achieve

. . 2 COD 240 53.7 77.62
pollutant removal and meet the required quality standards
(Kozak, Cirik, & Basak, 2021). Therefore, an analysis of 3 TSS 66 9 86.36
pollutant removal performance was carried out to determine 4 Oil & grease <2.38 <2.38 -
the ability of the WWTP system to degrade pollutants 5  Total Coliform 16000 240 98.5
contained in wastewater. The results of performance 6 MBAS 0.8 <0.07 91.25
evaluation of anaerobic-wetland and anaerobic-aerobic-
7 pH 7.1 7.4

wetland WWTP in degrading pollutants can be seen in table
1 and table 2.
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Table 2. Performance of removal pollutant of anaerobic-

aerobic-wetland WWTP

No Parameter analysis result %
Inlet Outlet Removal

1 BOD; 184.3 14.52 92.12
2 COD 267.3 22.12 91.72
3 TSS 68 12 82.35
4 Oil & grease 20.21 3.99 80.25
5  Total Coliform 18000 0 100

6 MBAS 1.845 0.211 88.56
7 pH 5.7 7.1

Table 1 and table 2 inform that the pollutant
concentration of inlet wastewater treated in anaerobic-
aerobic-wetland WWTP is higher in values for BODs,
COD, TSS, and rtotal coliform parameters than in
anaerobic-wetland WWTP. For oil & grease and MBAS
parameters, the pollutant concentration in the inlet sample
of anaerobic-aerobic-wetland WWTP is much higher and
has lower pH than the inlet sample of anaerobic-wetland
WWTP. It is because, in anaerobic-aerobic-wetland
WWTP, wastewater is generated from domestic activities
consisting of bathroom activities, washing, ablution, and
catering. Meanwhile, in anaerobic-wetland WWTP,
wastewater is generated from bathroom activities, washing,
and ablution only, so the value of pollutant concentration is
low. Catering activity releases pollutants from food waste
and dish soap that increase the concentration of COD, oil
& grease, and MBAS (Doma et al,, 2014). A high
concentration of an organic pollutant from catering activity
also affects the pH of inlet wastewater which tend to be low.
The effectiveness of pollutant removal of both WWTP
systems can be seen in figure 1.

Figure 1 shows the performance of WWTP systems
in degrading pollutants in wastewater. Anaerobic-aerobic-
wetland system has a higher percentage of BODs, COD,
and Coliform removal than the anaerobic wetland system,
which is more than 90%. For TSS and MBAS parameters,
the anaerobic-wetland WWTP system has higher

performance. In the anaerobic-acrobic-wetland system,

large amounts of organic matter are degraded in two stages,
under anaerobic and aerobic conditions (Novarina et al.,
2020; Himanshu, 2011), while in the anaerobic-wetland
system, organic matter only degraded at anaerobic
condition.

Most wetland units degrade nutrient-type
pollutants such as ammonia, phosphorus, and residual
organic substances from previous processing (Geovana et
al., 2016; Moenir et al., 2014; Marlena et al., 2018;
Setianingsih et al., 2021). However, the high concentration
of oil & grease pollutants and MBAS will be more effectively
degraded under aerobic conditions (Primasari et al., 2011).
In addition, the presence of MBAS pollutant-containing
surfactants is also toxic for anaerobic microbes, so it cannot
be optimally treated anaerobically and must be degraded in
an aerobic mechanism (Tan, K.N., 2019). The
concentration of MBAS in inlet Griya Persada WWTP is
higher than in inlet PT. Reckitt Benckiser which needs an

aerobic unit to treat optimally.
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Figurel. Removal pollutant performance of wastewater

treatment plant

3.2, Operational maintenance

Operational and maintenance evaluation of
WWTP systems was carried out on some properties, as
shown in table 3.

In table 3 can be seen that the WWTP system with
an aerobic unit generally requires additional units, including
a clarifier to settle the sludge and a drying bed to dry the
excess sludge. In addition, acrobic WWTP also needs an

aerator/blower to supply oxygen for microbes. Therefore,
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macronutrients and micronutrients are needed for both
WWTP systems. The potency of by-products in the form of
sludge in WWTP with the aerobic unit is higher than in
WWTP with the anaerobic unit. In conventional aerobic
systems, microbial growth is high with the excess sludge
reaching 30-50 percent which needs high handling costs
(Wei, Y. et al., 2003).

The main control in the operation of biological
WWTP is to specify wastewater flows regularly and
maintain that there is no obstacle in the pipeline. The
aerobic unit will be more controlled and maintained in
biological WWTP. Due to aerobic microbial depending on

oxygen availability, the amount of dissolved oxygen and

Table 3. Operational and maintenance evaluation of WWTP

sludge volume index must always be controlled in addition
to pH and MLSS in WWTP with an aerobic unit. Dissolved
oxygen in the WWTP system with an aerobic unit must be
maintained at 2 - 5 mg/L (Du, X. et al., 2018). Lack of
oxygen in the WWTP aerobic system will cause negative
impacts such as filamentous and bulking sludge (Martins,
A.M.P, et al., 2004; D'Antoni, B.M et al., 2017). For the
last operation, the energy use of the WWTP system with an
aerobic unit will tend to be higher because it requires an
additional aerator/blower to supply oxygen for aerobic
microbes up to 1.09 kWh/m® wastewater (Ranieri et al.,
2021).

WWTP System

No. Properties
Wetland

Anaerobic-Aerobic-

Anaerobic-Wetland Ref

1 Additional units

2 Equipments

3 Additives

4  The potency of by-product

Clarifier, drying bed
Pump, blower/aerator
Macro&micro nutrient

Up to 50% in dried

- Seghezzo, L., 2004; Mulas, M. et al.,
2016; Chen et al 2019

Pump Seghezzo, L., 2004; Mulas, M. et al.,
2016; Chen et al 2019

Macro&micro Seghezzo, L., 2004; Mulas, M. et al.,
nutrient 2016; Chen et al 2019

10% in thicked Seghezzo, L., 2004; Mulas, M. et al.,

sludge condition condition 2016; Chen et al 2019
5 Control parameters pH, Dissolved oxygen, pH, MLSS Seghezzo, L., 2004; Mulas, M. et al.,

MLSS, sludge volume 2016; Chen et al 2019

index
6 Energy use 1.09 kWh/nm?’ 0.53 kWh/n?® Seghezzo, L., 2004; Mulas, M. et al.,
2016; Chen et al 2019, Ranieri et al.,
2021
3.3.  Carbon emission estimation WWTP system was carried out at the highest pollution load

Domestic and industrial wastewater are sources of
GHG emissions included in the GHG emission inventory
from waste management activities according to the
categories stated in the 2006 IPCC Guideline. According to
Bappenas (2014), emission reductions from the waste sector
have been reported by 11 provinces in Indonesia through
main and supporting activities, one of which is the
construction of a Wastewater Treatment Plant (WWTP).

In this study, the estimation of carbon emissions in the

during the operation of WWTP.

3.4. Carbon emission estimation of anaerobic-wetland
WwWi1TP
WWTP implemented at PT. Reckitt Benckiser was
constructed with a biological system consisting of UASB
anaerobic, up-flow anaerobic, and wetland, as shown in

figure 2.
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The energy requirement for operational WWTP
comes from 1 unit of an influent pump with an operating
time of 16 hours/day, 1 unit of circulation pump anaerobic,
and 1 unit of circulation pump of wetland with an operating
time of 24 hours/day. Influent COD was 720.0 mg/L,
Effluent COD was 25.14 mg/L, and Effluent BODs5 was

12.43 mg/L. The anaerobic-wetland system does not
produce by-products in the form of sludge. Therefore, the
calculation of carbon emissions from sludge management
could be ignored. Calculation of carbon emissions for 50
m3/day wastewater treatment with an anaerobic-wetland

system as shown in table 4, table 5, and table 6.

/N

Equall?_atlon N »> —-Efluent
[ UASB UAF Wetland
(@)
=X
Figure 2. Anaerob-wetland WWTP system
Table 4. Carbon emissions from the wastewater treatment process
Flow rate Q Time Carbon Emission
COD (kg/m?) GWP CHy
(m?/day) (kg CH4/kg COD:emoved) (day) (kgCO4eqlyear)
50 0.69486 0.131 25 365 41530.91
Table 5. Carbon emissions from the use of electrical energy
Electrical Operational time EF Conversion Time Carbon emission
Equipment
power (Watt) (hour) (kg CO,) factor (day) (kgCO,eq/year)
Distribution pump 845 16 0.5 0.001 365 2467.40
Circulation pump I 400 24 0.5 0.001 365 1752
Circulation pump II 300 24 0.5 0.001 365 1314
Total 4299.70
Table 6. Carbon emissions from effluent
Flow rate Q Time Carbon emission
BOD; (kg/m?’) GWP CH,
(m®/day) (kg CH4/kg BOD»s.q) (day) (kgCO,eq/year)
50 0.01243 25 365 340.27

Total carbon emission of anaerobic-wetland WWTP: 47404.58 kgCO, eq/year
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3.5, Carbon emission estimation of anacrobic-acrobic-

wetland WWTP

WWTP was implemented at Hotel Griya Persada,
constructed with a biological system consisting of anaerobic,
aerobic, and wetland units. The energy requirement for
WWTP operational process comes from 1 unit influent
pump, 1 unit anaerobic circulation pump, 1 unit wetland
circulation pump, 1 unit clarifier circulation pump, and two
unit blowers with an operating time of 24 hours/day.
Influent COD was 798.4 mg/L, effluent COD was 20.65
mg/L and effluent BOD was 2.816 mg/L. Sludge in the
aerobic unit is circulated with no excess microbial growth.
Therefore, the calculation of carbon emissions from the
sludge management element could be ignored. Anaerobic-
aerobic-wetland WWTP system is shown in figure 3.

Calculation of carbon emissions for 50 m3/day

wastewater treatment with an anaerobic-aerobic-wetland

system as shown in table 7, table 8, and table 9. Total carbon
emission of anaerobic-aerobic-wetland WWTP: 68900.23
kgCO, eq/year

In biological WWTP, the source of carbon
emissions comes from the anaerobic treatment. Aerobic
treatment of activated sludge does not release carbon
emissions but produces sludge that needs to be processed
through anaerobic  digestion, land disposal, and
incineration. According to Purwanta W and Susanto JP.
(2009), greenhouse gas emissions from waste handling
activities, including methane (CHy), nitrous oxide (N,O),
and carbon dioxide (CO,), occurred under anaerobic
conditions. The biological WWTP system used in this
research does not produce sludge. Carbon emissions are
estimated in wastewater treatment, electrical energy use, and
WWTP effluent. Total emissions generated from each

source are shown in figure 4.

Equalization

Q| Upflow UAF
Anaerab

Oxidation

——Efluent

Clarifier Wetland

2

D ® o)

Figure 3. Anacrobic-aerobic-wetland WWTP system

Table 7. Carbon emissions from the wastewater treatment process

Flow rate Q COD GWPCH;  Time Carbon emission
(m®/day) (kg/m?) (kg CH4/kg COD:emoved) (day) (kgCO,eq/year)
50 0.77775 0.131 25 365 46485.15

Table 8. Carbon emissions from the use of electrical energy

Equipment Electrical power Operational time EF Conversion Time Carbon emission

(Watt) (hour) (kg COy) factor (day) (kgCO,eq/year)
Circulation pump I 400 24 0.5 0.001 365 1752
Circulation pump I 400 24 0.5 0.001 365 1752
Circulation pump I 400 24 0.5 0.001 365 1752
Distribution pump 900 24 0.5 0.001 365 3942
Blower I 1500 24 0.5 0.001 365 6570
Blower 1T 1500 24 0.5 0.001 365 6570
Total 22338
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Table 9. Carbon emissions from effluent

Flow rate Q BOD;
(m?/day) (kg/m?)

(kg CH4/kg BODSeff) (da}’)

Carbon emission

(kgCO,eq/year)

GWP CHy4 Time

50 0.002816

25 365 77.09

4648515
45000 -
42000
38000
36000
33000 A
30000 A
27000 -
24000 -
21000 -
18000 -
15000 -
12000 -
9000

41530,91

Total emission (kg CO2eqlyear)

3000 -

6000 - 42997

22338

340,27 77,09

0
Organic Organic

Energy use Energy use  Efluent A Efluent B
removal A removal B A

Emission Sources

B

Figure 4. Carbon emission of WWTP system (A) anaerobic-wetland WWTP and (B) anaerobic-aerobic-wetland WWTP

Based on the calculation results, the total carbon
emissions of anaerobic-wetland WWTP is 47404.58
kgCO, eq/year to treat 50 m3/day wastewater with COD
influent 720.0 mg/L. Meanwhile, the total carbon emission
of anaerobic-aerobic-wetland WWTP is 68900.23 kgCO,
eq/year to treat 50 m3/day wastewater with COD influent
798.4 mg/L. The effluent from both WWTP systems meets
the required quality standard with COD below 100 mg/L
(Minister of Environment Regulation 2016 and 2019)

In wastewater treatment, anaerobic-wetland
WWTP produces emissions of 41530.91 kgCO, eq/year,
while  anaerobic-acrobic-wetland ~ WWTP  produces
emissions of 46485.15 kgCO, eq/year. The amount of
organic matter removal determines carbon emissions in
wastewater treatment. Using electrical energy, anaerobic-
wetland WWTP releases emissions of 4299.70 kgCO,

eq/year, while anaerobic-aerobic-wetland WWTP releases

emissions of 22338 kgCO, eq/year. In anaerobic-wetland
WWTP  effluent releases emissions of 340.27 kgCO,
eq/year and anaerobic-aerobic-wetland WWTP produces
emissions of 77.09 kgCO, eq/year.

The calculated data shows that the highest
emissions from both WWTP systems are generated from the
wastewater treatment process, and most of the organic
matter is degraded in the anaerobic process as the primary
unit in the WWTP system. Anaerobic-acrobic-wetland
WWTP also emits relatively high emissions in terms of
electrical energy consumption due to the use of a blower to
supply oxygen for the aerobic system. The electrical energy
generated from burning fossil fuels and producing emissions
in the form of CO, and N,O also produces (non-CO,)
GHG precursor gases such as CO, CH4, and non-methane
volatile organic compounds (NMVOC). These compounds
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will be oxidized to CO, and gases of N,O, NOx, NH3, and
SO, (Anies et al., 2016).

Carbon emissions have been estimated on black
domestic wastewater treatment systems (WASHdev, 2020).
Using a conventional anaerobic system, Black domestic
wastewater treatment produces emissions of 6046 kgCO,
eq/year for 0.2 m3/day of wastewater. This value will be
much higher when compared to carbon emissions in the
same volume of wastewater discharged from the
implementation of both WWTP systems in this study
because the characteristics of wastewater affect the number
of carbon emissions. Removal of organic matter in the
treatment of domestic black wastewater reaches 3373.92
mg/L, much higher than the removal of organic matter in

the studied WWTP system, which is 690 - 770 mg/L.

4. CONCLUSION

Anaerobic-acrobic-wetland ~ WWTP  performs
higher removal of organic matter than anaerobic-wetland in
the form of BOD5 and COD for 50 m3 volume wastewater.
Anacrobic-aerobic-wetland ~~ WWTP  needs  more
maintenance and operation of an additional unit,
equipment, additive, potency of sludge by-product, control
parameters, and energy use than anaerobic-wetland
WWTP. Carbon emission from wastewater treatment
activities is influenced by the type of biological WWTP
system and the level of degradation wastewater. The highest
carbon emission of both WWTP resulted from the organic
matter removal process, followed by electrical energy
consumption and emission from effluent. For 50 m3
volume wastewater, anaerobic-wetland WWTDP releases
total carbon emissions of 47404.58 kgCO, eq/year lower
than anaerobic-aerobic-wetland WWTP 68900.23 kgCO,
eq/year.
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Available online 10 November 2022 specimens were prepared with bentonite - palm shell ash compositions are 40/45, 45/40, 50/35,
Keywords : 55/30, and 60/25 wt%. Meanwhile, the composition of NaOH, Na,SiO;, superplasticizer and
Bentonite water remained at 1.3, 7.7, 2, and 5 wt%, respectively. Then the samples were dried at room
temperature for 24 hrs and heated at 60 °C or 80 °C for 12 hrs. The geopolymer concrete with

Geopolymer concrete is an alternative to obtaining environmentally friendly mortar by
synthesizing materials that contain a lot of aluminum silicate. This study aims to determine the
effect of bentonite and palm shell ash composition on geopolymers' physical and mechanical
characteristics. All materials are mashed, mixed, and molded with a 5x5x5 cm’ cube. Ten

Concrete

Compressive Strength the best characteristics was obtained with a composition of 40 wt% bentonites and 45 wt%
palm shell ash by heating at 80 °C. This specimen has a compressive strength of 11.94 MPa
with a density of 2.42 g/cm?, porosity of 8.43%, and absorption of 3.48%. The results have a
chemical composition of 55.59% SiO,, 9.45% AL O3, and 8.22 Fe;O3 with a dominant quartz

phase. Scanning electron microscope photo shows good bonding between particles, and there

Geopolymer
Palm Shell Ash

are no pores formed.

1. INTRODUCTION

Ordinary Portland cement-based mortar is now the
most used building material in the world. The annual use of
cement reaches 4 billion tons with an annual growth rate of
4% (Mineral Commodities Summary, 2014). However,
Portland cement production requires much energy and
produces CO, gas that pollutes the environment (Pavithra,
2016). Generally, for every tonne of Portland cement
production, one tonne of CO, is released into the
atmosphere (Davidovits, 1994). Under these conditions,
geopolymer concrete is one of the best options to reduce
global warming. It can minimize CO, emissions by up to
80% (Pavithra, 2016).
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E-mail : muha041@brin.go.id (Muhammad Amin)
doi : hetps://10.21771/jrtppi.2022.v13.n0.2.p21-27

Geopolymers are the latest innovation in concrete
manufacturing worldwide. The conventional Portland
cement is completely replaced with an aluminosilicate
material activated by a strongly alkaline solution as a binder.
(Patankar et al.,, 2013). Metakaolin, fly ash, red mud,
agricultural waste, and mine waste are natural and industrial
products used to make geopolymer binders (Slaty et al.,
2013). Silica-rich materials such as fly ash, slag, rice husks,
and aluminum-rich materials such as clays, including kaolin
and bentonite, are significant parts of polymerization
development (Part et al., 2015).

Palm shell ash is a pozzolanic material which is not
bound like cement but contains dominant SiO, (Graille et

al., 1985). Palm shell ash is obtained from a steam power
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plant that uses palm kernel shells as fuel at temperatures
from 800 - 1,000°C (Tangchirapat, 2009). Palm shell ash
includes a large amount of silica dioxide and can be used as
an alternative to cement. Palm shell ash is one of the
pozzolanic materials found in most of the world. Palm shell
ash can be used effectively to reduce cement use and waste
volume, which is suitable for preserving the environment
(Tangchirapat, 2009).

Some researchers used palm shell ash for an
experiment. Production of geopolymer concrete using a
mixture of fly ash and palm ash was well done by Islami et
al. (2012). The highest compressive strength value occurs at
the ratio of fly ash and palm ash 75:25, which is 20 MPa
heated at a temperature of 110 °C. A higher compressive
strength of geopolymer concrete can produce by mixed of
ash from agro-industrial waste. The 25 MPa compressive
strength was achieved from the 70:30 composition of fly ash
and palm ash (Ariffin et al., 2017). Another experiment
resulted from 44.57 MPa of geopolymer concrete
compressive strength. This higher geopolymer compressive
strength is produced from blast furnace slag and palm ash
with a ratio of 0.2 (Yusuf, 2014).

Based on the previous studies, this research was
conducted to see the effect of bentonite and palm shell ash
cement's mechanical

on geopolymer and  physical

properties.

2. METHODS
The parameters used for the design of the
experiment are shown in Table 1. Palm shell ash is obtained

from the fuel combustion process in a palm oil factory.

Table 1. Composition of geopolymer cement manufacture
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Bentonite and palm shell ash were sieved on 100 mesh.
Admixture of superplasticizer SP 200, NaOH (Merck),
Na;SiOs (Rofa, 58%), and water were added to the slurry
according to the composition in Table 1. All materials are
mixed and molded at 5x5x5 cm® cubes. The specimens are
allowed to stand for 24 hrs and then heated in the oven at
60 °C and 80 °C for 12 hrs.

The geopolymer concrete was characterized by
compressive strength, density, porosity, and absorption test.
The compressive strength test was carried used the universal
testing machine model HT-2402. The chemical content
was analyzed by X-ray fluorescence using Malvern
Panalytical Epsilon 3 and crystal phase by x-ray diffraction
using Panalytical X'Pert 3 Powder. The topography of
geopolymer was obtained by SEM Phenom Pro X.

3. RESULT AND DISCUSSION

XRF characterization was carried out to determine
the chemical content used to manufacture geopolymer
mortar. Bentonite with high ALO; content helps form
bonds between concrete particles. While the dominant palm
shell ash is silica, which is 51.47%. The chemical content of
bentonite and palm shell ash overall can be shown in Table
2.

Based on Table 3 shows that the sample was heated
at 80 °C and 60 °C, dominated by SiO,, Al,O3, and Fe,O3
compounds. The results of the characterization of these
samples follow XRF analysis of bentonite and palm shell ash

raw materials, where the results of the analysis are

dominated by SiO,, Al,Os, and Fe;O3; compounds.

Specimen Bentonite Palm shell ash NaOH Na,SiO; Superplasticizer Water
(%) (%) (%) (%) (%) (%)
I 40 45 1.3 7.7 2 5
II 45 40 1.3 7.7 2 5
11 50 35 1.3 7.7 2 5
Iv 55 30 1.3 7.7 2 5
A% 60 25 1.3 7.7 2 5
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Table 2. Chemical composition of raw material

Bentonite Palm shell ash
Compound
(%) (%)

SiO, 65.20 51.47
ALO; 18.10 2.00
Fe,O3 9.41 4.50
K;O 0.99 15.17
TiO, 0.33 0.39
CaO 2.79 18.36
P,Os 0.12 5.09
NiO 0.09 -
SO3 0.15 -
MnO 2.94 0.37
MgO - 2.26

Table 3. Chemical composition of geopolymer

Composition (%, wt)

Compound

80 °C 60 °C
SiO, 55.59 58.54
Fe,O3 8.22 9.43
ALO; 9.45 11.73
CaO 13.10 9.74
K20 7.74 5.51
TiO, 0.53 0.51
MnO 0.44 0.30
P,0s 2.90 2.43
MgO 1.42 1.18

Based on Figure 1, the density values decreased due
to increasing the ratio value. It has happened at
temperatures of 60 °C and °80 C. The confidence level of
the trend formed on this graph is 98% for temperatures 60
°C and 96% for 90 °C. The polymerization process is similar
when heated at 60 °C to 90 °C. The temperature is close to
perfect, and fast polymerization process (Duxson et al.,
2007). However, the higher the temperature, the higher the
evaporation process. A temperature of 80 °C causes a higher
shrinkage of water content than a temperature of 60 °C, so
the density is slightly different between these two
temperatures. The density value is related to the porosity

value. The higher the density, the smaller of concrete

porosity. It creates higher compressive strength of the
mortar (Malau, 2014).

Based on Figure 2, the porosity value is directly
proportional to the ratio of bentonite ash. The confidence
level of the trend formed on this graph is 95% for
temperatures 60 °C and 91% for °80 C. The porosity value
was closely related to the density value. This is because when
the water in the geopolymer mortar evaporates, the pores
that were previously filled with water become empty, and
when the heating temperature is higher, the geopolymer
mortar will dry out and form a tight bond and close the
empty hole, causing the mortar to become denser.
Therefore, the increased curing temperature used in
geopolymer mortar will decrease the porosity value (Amin
& Suharto, 2017).

Based on Figure 3, the absorption value is directly
proportional to the temperature. The confidence level of the
trend formed on this graph is 98% for temperatures 60 °C
and 95% for 80 °C. The large pores in the geopolymer
mortar, the more cavities are made. The empty cavity can
absorb much water. High temperature caused less water to
absorb in the geopolymer concrete (Amin & Suharto,
2017). In addition, the higher the heating temperature, the
less the geopolymer mortar will absorb water. In other
words, the smaller the absorption (Amin & Suharto, 2017).
The low absorption value makes a low water absorption rate
in the mortar. It is made higher the density value and
compressive strength, and the mortar structure is getting
tighter.

Based on Figure 4, the compressive strength value
is directly proportional to temperatures. The density value
obtained was high because the resulting mortar structure is
dense. In addition, the compressive strength value is related
to the porosity value and absorption value. If the
compressive strength value is high, the porosity and
absorption value will be smaller. The water granules in the
geopolymer mortar will evaporate due to the use of high
heating temperatures. Water evaporation is formed in
smaller porosity in the mortar and increases the compressive

strength value of the mortar.
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60 oC
14 ?
80 oC
S
X 12
iy
‘3 y = 5,5183x + 4,1806
g R2 = 0,9099
~ 10
y = 7,4487x + 2,1936
R2 = 0,9474
8
0,8 1,0 1,2 1,4 1,6 1,8
Ratio (Bentonite/ Ash)

Figure 2. The graphic of porosity (P) vs ratio

Geopolymer concrete made using geopolymer will
bind with high alkaline NaOH to form a polysilicon-
aluminate gel. It will harden due to the crystallization
process and will increase the compressive strength of the
mortar (Amin & Suharto, 2017). The increase in the
percentage of bentonite causes a decrease in the compressive
strength value due to an increase in porosity and changes in
the microstructure. The addition of bentonite to the
geopolymer increases the number of pores and pore size and
widens the pore size distribution because bentonite contains
much water (Yang et al., 2020).

XRD characterization was performed on samples
with the highest compressive strength value (80 °C). The
results of the X-Ray Diffraction test show that the higher
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Figure 3. The graphic of absorption vs ratio
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Figure 4. The graphic of compressive strength vs ratio

the intensity, the higher the crystallinity level (Latif et al.,
2014). The crystal phases formed are quartz. The crystal
structure is hexagonal and is the highest peak on the chart,
with its highest intensity at 20= 26.654°, as evidenced by
the ICDD result 01-085-0795. Subsequently formed a
sillimanite phase (ALSiO4) with an orthorhombic crystal
structure, its highest intensity at 20= 27.584°. The
sillimanite phase showed conformity with the ICDD
reference  01-089-0888. In the anorthite phase
(Ca(ALSi2Os)) with the anorthic crystalline structure, its
highest intensity at 20= 31.310°, the anorthite phase shows
conformity with the ICDD reference 01-089-1460. In
addition to the quartz, sillimanite and anorthite phases are

formed, namely magnetite (Fe;O4) with an orthorhombic
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crystal structure, the highest intensity of which is at the
position of 20= 19.791° with ICDD reference 01-076-
0958. The intermediate microcline phase (KAISi;Os) at
position 20= 36.646° with an anorthic crystalline structure.

The dominant phase formed is a quartz mineral
group with the chemical formula silicon oxide (SiO,),
which indicates that the mortar has a lot of SiO,, so it acts
as a filler that fills the pores of the mortar and causes the
mortar to have the highest compressive strength. The results
are under the sample XRF test, where the compound
produced is dominated by SiO,.

X-ray diffraction analysis for two specimens has
higher and lower compressive strength values. From the
results of the XRD diffractogram obtained from the XRD
analysis carried out in the study, the analysis is qualitative
research, where the low peak does not indicate the number
of crystals contained in the sample (Jefry, 2019). XRD
analysis of specimen one at a temperature of 80 °C is shown
in Figure 5.

7000

Anorthite (Ca(Al,Si208))

Magnetite (Fe304)

6000 - Microcline Intermediate (KAISi; Oy )

e o000 D>

5000 -

4000 -
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Figure 5. X-ray diffraction of temperature at 80 °C
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Figure 6. X-ray diffraction of temperature at 60 °C

XRD characterization was carried out on samples
with the lowest compressive strength value (composition V
at 60 °C). The results of the X-Ray Diffraction test show
that the higher intensity, the higher the crystallinity level
(Latif et al., 2014). The crystal phases formed are quartz.
The crystal structure is hexagonal and is the highest peak on
the chart, with its highest intensity at 20= 26,644°, as
evidenced by the ICDD result 01-085-0504. Subsequently
formed a sillimanite phase (AL,SiOy) with an orthorhombic
crystal structure, its highest intensity at 26= 27,584°. The
sillimanite phase showed conformity with the ICDD
reference 01-089-0888. The anorthite phase (Ca(AlSi,Os))
with the anorthic crystalline structure, its highest intensity
at 20= 27,836°, the anorthite phase shows conformity with
the ICDD reference 01-089-1461. In addition to the
quartz, sillimanite and anorthite phases are formed, namely
magnetite (Fe3O4) with an orthorhombic crystal structure,
the highest intensity of which is at the position of 28=
19,791° with ICDD reference 01-076-0958. And the
intermediate microcline phase (KAISi;Os) at position 268=
42,423° with an anorthic crystalline structure.

The dominant phase formed is a quartz mineral
group with the chemical formula silicon oxide (SiO,). The
results are under the sample XRF test, where the compound
produced is dominated by SiO,.

The results of the XRD diffractogram obtained
from the XRD analysis have been carried out in the study.
The analysis is qualitative research, where the low peak does
not indicate the number of crystals in the sample (Jefry,
2019). XRD analysis of specimen 5 at 80 °C is shown in
Figure 6.

Figure 7 depicts the morphology of the particle size
SEM with a magnification of 2000X. The surface does not
produce many pores (Jiminez et al., 2004). The distribution
of constituent elements has a distribution of dominant
elements in the form of Si, Al, and Fe.

The results of the EDS analysis are shown in Figure
8 where in the spectrum 0-2 KeV contains elements of
carbon (C), oxygen (O), potassium (P), potassium (K),
magnesium (Mg), aluminum (Al) and silicon (Si). In the

energy spectrum of 2-4 KeV, there are elements of
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potassium (K) and calcium (Ca), and in the energy

spectrum of 4-7 KeV, there are elements of iron (Fe).

B

Figure 7. Micro photo of SEM for specimen 1 (temperature
80 °C)
_cps,l’ev

5 5

5 t._":;h E

2 4
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Energy [keV]

Figure 8. The result of EDS for specimen 1 (the

temperature at 80 °C)

4. CONCLUSION

The high palm shell ash content and higher
temperature increase the geopolymer compressive strength.
This higher strength only used small content of bentonite.
The best value obtained of 11.94 MPa with a density of 2.42
g/cm’, porosity of 8.43%, and absorption of 3.48%. The
chemical contained 55.59% SiO,, 9.45% Al,Os;, and
8.22% Fe,Os, with the phases formed in the form of quartz,
sillimanite, ~anorthite, ~magnetite, and  microcline
intermediate. SEM results show that the surface does not
produce many pores, so it has the highest compressive
strength value. The lowest compressive strength value was
obtained from the specimen with low content of palm shell
ash. The low compressive strength was 6.94 MPa, with
porosity and absorption value were 13.66% and 7.23%,
respectively. The chemical contains 58.54% SiO,, 11.73%
AL O3, and 9.43 Fe,Os, with the phases formed not different
from the high compressive strength specimen. The SEM

results show that the surface has many pores, so it has the

lowest compressive strength value. This research shows that
bentonite and palm shell ash waste is feasible and can be

used in geopolymer cement manufacture.
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Adsorption useful as an absorbent of indigo carmine dye with an adsorption capacity of 6.399 mg/g. The

Dyes adsorption reaction kinetics were analyzed from the optimal contact time data, and the reaction

Indigo Carmine isotherm was analyzed from the adsorption optimal concentration data. The kinetic model that

Isotherm fits the research is the second pseudo-order with R* = 0.9998. The adsorption mechanism

demonstrates that the adsorption capacity is proportional to the adsorbent's active sites. The
adsorption isotherm model, with R* = 0.9748, is more closely related to the Freundlich

Reaction Kinetics

isotherm model, indicating that adsorption occurs in several layers. From an economic point
of view, chicken egg shells and membranes can be recommended as dye absorbers that are eco-
friendly, efficient, and simple to obtain while lowering organic solid waste.

1. INTRODUCTION become damaged and reduce fertility. In addition, industrial

. . . . waste can pollute the river because of the many chemicals
Along with the rapid population and industry T o R o
. ) contained in it. Eye irritation, skin irritation, mutagenicity,
growth, the volume of waste released into the environment ) - )
and carcinogenicity are all side effects of these colours

(Hevira and Zein, 2022; Wang et al., 2017)

Many methods for treating dyed wastewater have

is increasingly unstoppable. One of these wastes is textile
waste in synthetic dyes that damage human health and the
environment. For example, synthetic dyes can disrupt the
o . ] been reported, including chemical coagulation, activated
ecosystem of aquatic biota, even in small concentrations. ) ) ) )
sludge, biodegradation and magnetic separation
(Rahmayeni, Arief, Jamarun, Emriadi, & Stiadi, 2017), and
nanofiltration (Abid, Zablouk, & Abid-Alameer, 2012).

However, this method is still not widely used because of the

This is due to reduced sunlight, which can interfere with

aquatic plants’ photosynthesis and cause acute toxicity to
aquatic life (Sharma, Dalai, & Vyas, 2017). Meanwhile,

waste discharged into nature without being processed first ] )
. . . . high cost and long process. Currently, the government is
will pollute the surrounding environment. For example, if ) q - p X i
. o . romoting and supporting the use of waste rovidin

wastewater is discharged to the ground, it will make the soil P & pporting . yp &
other benefits to adsorb waste using green technology
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(Hevira, Ariza, & Rahmi, 2021). Meanwhile, from an
economic perspective, the use of eggshells can reduce the
cost of processing textile waste and also has the potential to
be developed in Indonesia.

One of the appropriate methods is the adsorption
method. The adsorption method is the most commonly
used because it is reliable, has no harmful side effects, and
does not necessitate complicated and expensive equipment.
Biosorption is an adsorption method that utilizes natural
adsorbents (Hevira, Zein, & Ramadhani, 2019) derived
from plants such as orange peel (Arami, Limaee,
Mahmoodi, & Tabrizi, 2005), melon peel (Djelloul &
Hamdaoui, 2015), and banana peel (Abudi, Lattieff,
Chyad, & Abbas, 2018). In addition, temporary animal
waste can be utilized, such as chitosan from fish scales (Igbal
etal., 2011), crab shells (Fatombi et al., 2019), and chicken
feathers (Bagaskoro et al., 2020).

Chicken egg shells are often not utilized and even
become waste in large quantities, which are sent to landfills
with high management costs. Whereas chicken egg shells
contain mostly calcium carbonate and have 10,000-20,000
pores, they can be used as an adsorbent. Chicken egg shells
can be utilized as a calcium supplement and green manure.
The skin's membrane can also be used as cosmetics because
they contain collagen (Faridi & Arabhosseini, 2018).
Meanwhile, egg white has been used as a modifier to adsorb
dyes (Rahmiana Zein et al., 2022). The ability of chicken
eggshells to adsorb pollutants is because it has many pores
and functional groups such as C-H, C-C, C-O, C=0, NH,
and SH that can bind with cations or anionic compounds
(Hevira, Rahmi, et al. 2020). The use of chicken egg shells
is a low-cost adsorbent (Carvalho, Araujo, & Castro, 2011)
that can absorb dyes in the textile industry. Besides, the
eggshell membrane has amino acids that can interact with
dyes.

Previous research showed that the use of egg shells
and their membranes has a good adsorption capacity
(Pramanpol & Nitayapat, 2006) (Hevira, Rahmi, et al.,
2020). Therefore, this time the author will look at the
reaction kinetics tested using the first pseudo-order, second

pseudo-order, and equations of intra-particle diffusion.

Meanwhile, the Langmuir and Freundlich isotherm

equations are used to perform adsorption analysis.

2. METHODS
2.1.  Adsorbent Preparation

Chicken egg shells and membranes (CESM) were
collected in Bukittinggi, West Sumatra, Indonesia. Nitric
acid, NaOH, indigo carmine dye, and aquadest.
Instruments: shaker, pH meter, spectrophotometer UV-Vis.
Procedures: CESM washed with flowing water, dried, and
in a blender using (Turbo 8099). After that, it was sieved
with a particle size of 36 pm (Hevira, Rahmi, et al. 2020).
Then 0.1 g of CESM with a particle size of 36 pm was added
to 50 mL dye solution with variation concentration, then
stired with a shaker at 100 rpm with the respective
optimum contact time. After that, the solution was filtered,
and the filtrate was analyzed by UV-vis spectrophotometer

at max.

2.2. Activation of an Adsorbent

In 75 millilitres of 0.01 N HNOs3, 25 grams of
CESM was immersed for 2 hours to open the pores of
CESM and activate the active adsorbent (Sopiah, Prasetyo,
and Aviantara 2017). After that, the CESM was rinsed with
distilled water until the pH returned to normal. After

drying, CESM was ready for use.

2.3. Determination of Optimal Contact Time for
Adsorption

At the optimum pH previously determined, 0.1 g
CESM is added to 25 mL indigo carmine at a concentration
of 10 mg/L into erlenmeyer 50 mL. The addition of nitric
acid and base is used to change the ph level. The stirring
time ranged between 15 and 60 minutes at 100 rotations
per minute. The adsorption process was then filtered, and
the concentration was determined using a UV-Vis
spectrophotometer.

Adsorption  capacity against indigo carmine

calculated by equation 1:
— (Co—Ce)V

Qe = —— (1)

m
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Where Co and Ce denote the initial and
equilibrium dye concentrations (mg/L), m denotes the mass
of CESM (g), and V denotes the volume of the indigo

carmine reaction mixture (L).

2.4. Reaction Kinetics

Reaction kinetics analysis predicts the speed at
which adsorbate is transferred from solution to adsorbent.
In this research, the reaction kinetics can be seen from the
reaction kinetics of the indigo carmine in CESM. The first
pseudo-order (Lagergren) and second pseudo-order
adsorption kinetics models were used to calculate the
adsorption kinetics equations (Ho & Mc Kay).

—In(q, — q¢) = k4t —Ing, )
t 1 1

— + = 3
qr k0% qe ®)

Where :

ge = equilibrium adsorption capacity in mg/ g

qc = time t adsorption capacity in mg/g

ki denotes the first pseudo-order reaction rate constant in
minutes -1

k, denotes the second pseudo-order rate constant in

g/mg.min

The intra-particle diffusion model was used to explain the
adsorption process. As shown in equation 4, the Weber and
Morris equations express intra-particle diffusion.

e = Kip t"°+ C (4)
Where Ki, (umol/ g. min®’) is the constant rate intra-
particle diffusion, and C (umol/g) is the thickness layer
limit, with plotting qt versus t* then we get the slope and
intersection of straight lines in the form of K;, and C
(Marcel et al. 2019).

2.5. Determination of the Initial Dye Concentration

The same procedure used to evaluate the time
available was used to determine the early concentration of
indigo carmine. The dye studied, in this case, has an initial

concentration of 10-50 mg/L.

2.6. Isotherm of Adsorption

The isotherm of adsorption is determined by the
relationship between the concentration of the adsorbed
solute on the solid and the concentration of the solution.
Langmuir isotherm is used to determine whether adsorption
occurs in the monolayer or not, while the isotherm
Freundlich assumed that adsorption occurs in a multilayer
manner. The formula used in this case is the Langmuir and

Freundlich equation.

1 1 1 1
— = —+ — 5
de Amky Ce  qm 2
1
kL N dma (6)
1
Ry = 1+(1+kCo) @
logg, = logkyr +%log C. 7)

Where :

gm : capacity adsorption maximum

ge : capacity adsorption in state balanced

Ce :ion concentration in state balanced

k. : Langmuir's constant Among sorbent with sorbate

Ry is the separation factor, where Ry in the form of bad (R;.
> 1), linear (Ry = 1), beneficial (0 <R;<1), and irrecoverable
(R = 0).

ke : Constant of Freundlich denoting capacity adsorption

1/n : Intensity adsorption

3. RESULT AND DISCUSSION
3.1. The Influence of Agitation Time

The Influence of agitation time greatly affects
whether or not adsorption occurs. In Figure 1, we can see
that as the agitation time of the reaction between the indigo
carmine and CESM increases, the adsorption capacity
decreases. Although the reduction is minimal, the capacity
adsorption of The optimum CESM against indigo carmine
occurred at a 15 minutes contact time. This fast time is
possible because indigo carmine is an anionic dye that will
quickly interact with eggshell membranes which contain
lots of amino acids. The same thing also happened during
the adsorption of indigo carmine using Ketapang shells; the
adsorption capacity was low initially (Hevira, Zilfa, et al.

2020). Then if it is modified with egg white which contains
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rich amino acids, the adsorption capacity will increase
(Rahmiana Zein et al., 2022). This is also the advantage of
this research compared with Rahmiana Zein's studies. This
research is better because it is more effective and efficient in
terms of time and cost, besides it is also easy to implement,
as explained in part 3.5. However, there are still
shortcomings; the amount of CaCOj contained in eggshells
can affect the hardness of water (Aidha, 2013).

Meanwhile, suppose the contact time between the
adsorbate and the adsorbent continues to be increased after
reaching the optimum capacity. In that case, it will
potentially inhibit the adsorption of the adsorbate and even
release the bonds between the adsorbate and the adsorbent

so that the adsorption capacity will decrease.

0,90
0,88 |
0.8 0,8409
0,8226
& 8 1 0,8043
50 0,7921
£ 0,80 :
g
@
0,78
0,75
0,73
0,70 . , . . . .
0 10 20 30 40 50 60 70
t (menit)

Figure 1. Effect of contact time on adsorption capacity of
CESM to adsorb indigo carmine

3.2. Reacrion Kinetics

The first pseudo-order model was derived from the
Lagergren reaction rate equation for liquid and solid
adsorption based on solid capacity. While the second
pseudo-order is suggested that the number of available sites
on the adsorbent determines the adsorption ability. (Liu et
al. 2016).

Figures 2A and 2B show that the R* value of the
first-order pseudo equation is 0. 9912, while the coefficient
of determination of the second pseudo-order is 0.9998.
Thus the second pseudo-order kinetic model is a better way
to explain the reaction rate for indigo carmine in CESM
(Budnyak et al. 2018).

Figure 2C shows that the adsorption process in the
intra-particle diffusion equation begins with the passage of
particles from outside the adsorbent to the adsorbent's
surface, followed by the diffusion of molecules into the
pores. (Holle, Wuntu, and Sangi 2013). For dye adsorption
by CESM, the coefficient of determination (R?) is 0.9972,
which means that the only model that restricts the

adsorption rate is the intra-particle diffusion model.

Table 1. CESM’s Kinetic Parameter of IC Adsorption

Variant Parametric Variant Parametric CESM +IC
Trial Data e (exp)(mg/g) 0.8409
k; (min) 0.0007
First pseudo-order 9e (calc)(mg.g") 1.6043
R? 0.9912

k2 (g mg' minute™) 0.9215

Second pseudo-order 9e (caic)(mg.g") 0.7763
R? 0.9998
C 0.8910

Intra- particle

Ky; o min®’ 0.0128
diffusion aify (mg:g" min™)

R? 0.9972

Table 1 shows that the value of q. in the treatment
and q. in the pseudo-second-order equation are closer,
namely 0.8409 with 0.7763. This slightly adjacent value is
confirmed by an R? value of 0.9998. Meanwhile, the value
of q. obtained in the experiment and ge in the pseudo-first-
order equation is further, namely 0.8409 and 1.6043. This
value is confirmed by the value of R?, which is 0.9912. The
same result also happened to the adsorption of indigo
carmine by Ocimum gratissimum (Adewumi O. Dada et al.
2020).
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Figure 2. Adsorption kinetics of indigo carmine dye utilizing (A)
first pseudo-order kinetics, (B) second pseudo-order kinetics, (C)

intra-particle diffusion model

3.3. The Influences of the Early Dye Concentration

The influences of the early dye concentration were
investigated in the 10 to 50 mg/L range. The adsorption
capacity of CESM against indigo carmine increases as the
concentration of the dye indigo carmine increases. With
increasing concentrations of both dyes, the amount
adsorbed at equilibrium increases. This is because
enhancing the initial dye level enhances the diffusion’s

primary driver, i.e., concentration gradient, which favours

the velocity at which dyes migrate from solutions to the
surface of the adsorbent (Marcel et al. 2019). At a
concentration of 50 mg/L, Figure 3 demonstrates that
CESM had an optimal adsorption capacity against indigo
carmine of 6.3963 mg/g. The adsorption capacity is quite
high compared to fluoride adsorption on eggshells
(Bhaumik et al. 2012).

Meanwhile, the greater the starting concentration
of indigo carmine, the more active side of the adsorbate or
CESM will be saturated so that the adsorption capacity will
decrease (Hevira and Zein, 2022).

3.4. Adsorption Isotherm

Isotherm Adsorption is a connection among many
components absorbed by the adsorbent when the state is in
equilibrium at a constant temperature. Isotherm adsorption
is a function of concentration substance solute that is
adsorbed on the solid to concentration solution.

In Figure 4, it can be seen that the coefficient of
determination of the Langmuir equation used is 0.9474.
While the value of the coefficient of determination using the
Freundlich isotherm is 0.9748. Since the value is closer to
1, this data indicates that the Freundlich equilibrium model
is more appropriate for the data gathered from the
experiment. It demonstrated that indigo carmine could be
absorbed using CESM more dominant in multilayer. The
isotherm of Freundlich assumes the surface of the adsorbent
was heterogeneous, and each molecule has potency different
adsorption. The same thing also happened to the adsorption
of metal ions using the Ketapan shell (Hevira, Munaf, and
Zein, 2015). The value of the adsorption intensity or n from
the Freundlich isotherm model is 0.6424. It suggests that
the intensity has increased of adsorption of the dye with the
biosorbent went well because it was in the range of 1-10.

In the meantime, the correlation coefficient value
of the Langmuir model is 0.9474, as shown in Table 2. Its
worth is also quite good, indicating that the adsorption also
occurs in a monolayer. This is confirmed by the RL value of
0.5631, where if the RL is greater than 0 and smaller than 1
at equilibrium, it indicates that the adsorption is going well

(A. O. Dada, Ojediran, and Olalekan 2013).
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Figure 3. The effect of early dye concentration at the start on

CESM's ability to eliminate indigo carmine
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Figure 4. (A) Langmuir, (B) Freundlich isotherm linear equation

of indigo carmine dye adsorption at CESM

3.5. Analysis of Adsorption Costs
A cost analysis of the colour waste treatment was
also conducted from an economic viewpoint. In many

studies, adsorbents used as activated carbon generally have

a high absorption capacity, such as chitosan-activated
cartbon (Fatombi et al. 2019) and date palm-derived
activated carbon (Khadhri et al. 2019). However, if the
adsorbent is activated with acid, the absorption capacity is
almost the same as that of the activated carbon adsorbent.
This was also proven by Gupta et al. when negatively
absorbing charged Cr(VI) metal ions, similar to the
absorption of indigo anionic dyes. The absorption cost of
1 g Cr(VI) using acid-modified bagasse is 11 times cheaper
than the absorption of Cr(VI) using bagasse-activated
carbon with almost the same adsorption capacity (Gupta,
Gupta, and Kharat 2018). A similar result also proves that
eggshells have a better adsorption capacity than activated
carbon (Misfadhila et al., 2018).

Table 3 shows the estimated cost for treating
adsorbents before contact with dyestuffs, excluding using
reagents and other definite means with the same treatment
to adsorb indigo carmine dye. We can see that adsorption
using egg shells at an IC concentration of 50 ppm is very
cheap. However, when compared with the adsorption of iC
using egg white with crosslinker N, N'-Methylenebis
(acrylamide) can adsorb anionic dyes (indigo carmine) with
an adsorption capacity at an IC concentration of 50 ppm
is 26.25 mg g-1 (Oymak & Esra Bagda, 2018). Although
the adsorption capacity value is quite high, the use of

acrylamide is still dangerous and the costs used are high.

Table 2. Isotherm Model for IC adsorption by CESM

Isotherm Parameter CESM+IC

ki (L /mg) 0.0334

qm (mg/g) 3.0497

Langmuir ALL 0.5631
R? 0.9474

ke 0.0487

Freundlich N 0.6424
R? 0.9748
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Table 3. Comparison of The Cost of Processing Adsorbent with Other Adsorbents

No. Material (100 g) price (SGD) in price (IDR) adsorption capacity reference
sigmaaldrich.com raw material and processing (mg/g) in 50 ppm dye
services solution
1 1 kg activated carbon peanut - 10,000 (estimation) 20.11 (Fatombi et al.
shell 2019)
2 1 kg dried eggwhite as 20,000 12.35 (Rahmiana
crosslinker Zein et al.
2022)
3 1 kg ketapang shell - 10,000 5.46 (Hevira, Zilfa,
et al. 2020)
4 1 kg g N,N'- methylenebis 97,40 103,244 26.25 (Oymak and
(acrylamide) as crosslinker (10 % usage estimate) Esra Bagda
2018)
5 1 kg eggshell and its membrane - 2000 6.3963 This study

4. CONCLUSION

From the research data analysis, it can be concluded
that CESM (chicken eggshell and membrane) can adsorb
indigo carmine dye. The absorption mechanism shows that
the kinetic model is more suitable with the second pseudo
model, where the adsorption capacity is proportional to the
number of active sites of the adsorbent. Meanwhile, intra-
particle diffusion was revealed to be the only one that limits
the adsorption rate. The adsorption capacity of CESM was
6,3963 mg/g, while the adsorption isotherm follows the
Freundlich isotherm model. It means that the adsorption
takes place in a multilayer manner. From an economic point
of view, CESM has the potential to be recommended as a
dye adsorber in reducing textile industry waste because the

cost is low, easy, and fast.
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ARTICLE INFO ABSTRACT

Article history: The Geothermal Power Plant is one of the new renewable energy power plants. In Indonesia,
Received 22 August 2022 the realization has reached 2%. Sarulla Operations Limited is the first geothermal power plant
Received in revised form 03 September in Indonesia, located in North Tapanuli Regency, that utilizes combined cycle technology.
2022 Coffee is the leading commodity in the North Tapanuli district, with a plant area of 17,586
Accepted 08 September 2022 hectares. Coffee is dried in the traditional way (open field drying) so that it is still constrained
Available online 10 November 2022 by rain and cloudiness and can only be done during the day. The reinjection well fluid has a
Keywords : temperature of 103°C with a flow rate of 4978 t/h and a pressure of 6-14 Bar. This study
Coffee analyses the residual fluid energy for coffee drying purposes. Energy and exergy calculations are
Direct Use done manually and using DWSIM software with a total of 24 data points 24 hours a day to
Geothermal represent the availability of dryers both day and night. The results showed that the most energy
Residual Fluids needed to raise the drying air temperature at night from 15°C to 60°C was 125.62 kW, while
Sarulla the lowest energy needed to raise the drying air temperature during the day from 30°C to 40°C

was 27.92 kW. The results of research calculations show the energy potential for residual fluid
from geothermal plants to be used for drying coffee for 24 hours, both day and night.

1. INTRODUCTION energy aimed at conserving natural resources (Ariawan,
i , & Dwi ko, 2022). Th h 1

The application of anaerobic digestion (AD) in Windarta wiatmoro ). The geothermal energy

potential in Indonesia is the second largest in the world,

with a potential of 23.76 gigawatts (GW), and the

comparison of the realization of power plants with the

GPP (Geothermal Power Plant) is one of the new renewable
energy power plants. Geothermal energy is one of the new

renewable energies developed in Indonesia to date (Rame,
existing geothermal energy potential is still below 10%

(around 8.9%) (Mudassir, 2021).
According to the National Energy Council, one of

Purwanto, & Sudarno, 2021). Figure 1 shows that until
Q3-2021, the realization of increasing geothermal power
plant capacity reaches 2% of the total of 11.2% of

. . the policies for optimizing the development of geothermal
Indonesia's new renewable energy mix. The new renewable

i d usi bi l
energy mix in 2019 in Indonesia reached 9.15%, increasing resources 1s to recommend using binary power plant
from 2.05% to 11.2% in Q3-2021 (Nagel, Dwiatmoko, &

Windarta, 2022). Therefore, energy in Indonesia must

technology for the use of medium-temperature geothermal
(Siswanto, 2020). In addition, this policy encourages PLTP
(Geothermal Power Plant) to use a combined cycle to

immediately transition from fossil fuels to new renewable o o o
maximize the utilization of existing geothermal energy.
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Indonesia primary energy mix (Q3 2021)
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Figure 1. Indonesia Primary Energy Mix 2021 (IESR, 2021)

180'C

Bottoming OEC

Separator

w
-
a

A 4

Coffee Dryer

185'C

F: Flow

106'C
Accumulator
Ll — \ 0
= =,
. T : Temperature Brine OEC | ;. 0236 |
Production Well . 1103, -
P : Pressure | P:652Bar | Reinjection Well

@ | Heat Exchanger

| F:4978,41tfh

Lo — —

Figure 2. Research Concept Framework

Sarulla Geothermal Power Plant is a geothermal
power plant located in North Tapanuli Regency, North
Sumatra province. Sarulla is a consortium of several
companies, including Medco Energi International Tbk.,
Itochu Corporation, Kyushu Electric Power Co., Inc., and
Ormat (Wolf, 2015). Sarulla Operations Limited is
Indonesia's first geothermal power plant that utilizes
combined cycle technology. Ormat International developed
this technology by combining single-flash technology with
binary organic rankine cycle technology. The installed
capacity of the generator is 330 MW (Rakhmadi &
Sutiyono, 2015).

Geothermal fluids (geothermal production wells)

produce steam (gas phase) and brine (liquid phase), which

are then utilized indirectly by generating electricity, as
shown in Figure 2. The steam rotates the turbine and
produces 60 MW of energy at a pressure of around 10 bar
and a temperature of about 180°C. The steam output from
the turbine still has a temperature of 107°C, which flows to
the Binary power plant Bottoming OEC (Ormat Energy
Converter) through a heat exchanger and heats the second
fluid, pentane, which has a low boiling point of around
30°C-400°C. The pentane, which has a low boiling point
and has been heated, turns into a pressurized vapour, which
is then used to turn a turbine and generate electricity with a
total capacity of 7MW. The output steam from the
generator is used towards the Bottoming OEC so that it is

condensed into condensate at a temperature of around
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54°C. The condensate at 54°C is directly injected back into
the injection well into the earth after previously being
combined with brine.

Brine (liquid phase) from production wells at a
temperature of 174°C flows through a heat exchanger at
Brine OEC. The principle used is almost the same as
Bottoming OEC, namely heating pentane to turn it into a
pressurized vapour and then turning a turbine and
generating about 15MW of electricity. The brine output
from the OEC Brine has a temperature of around 106°C.
The remaining brine is combined with the condensate
output from the Bottoming OEC and then injected back
into the earth.

The residual fluid output from the generator in the
form of condensate and brine, which has a temperature of
around 103°C and is generally injected directly into the
earth, can still be used for commercial business. According
to (De Sousa & Domenici Roberto, 1998), the temperature

of 90°C-95°C can still be maximized for community

business development, as shown in Figure 3. Therefore, the
authors want to maximize this potential for the
development of further research.

In the early stages of its development, GPP Sarulla
experienced resistance and obstacles from the local
community. This was marked by the occurrence of rejection
demonstrations in several locations requesting that the
development of the Sarulla geothermal working area be
stopped (Hutasoit, 2020). The community's refusal is based
on the consideration that the existence of GPP will only
disturb and damage the living environment and will not
directly improve the local community's economy.
Horizontal conflicts with local communities will always
occur if the existence of GPP is not directly benefiting the
community (Ahmad et al., 2021). The challenge of local
community rejection can be reduced if the company is
willing to empower local communities, especially in

business development.
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Direct-use applications for geothermal resources

Digestion in paper pulp (Kraft); Evaporation of highly concentrated
solutions; Refrigeration by ammaonia absorption

Heavy water via hydrogen sulphide process; Drying of diatomaceous earth
Drying of fish meal and timber
Alumina via Bayer process

Drying farm products; Food canning

Evaporation in sugar refining; Extraction of salts by evaporation &
crystallisation; Fresh water by distillation

Concentration of saline solution; Refrigeration (medium temperature)

Drying and curing of light aggregate cement slabs

Drying of organic materials eg: seaweed, grass, vegetables etc;
Washing and drying of wool

Drying of stock fish; Intense de-icing operations

.
@
E Space heating (buildings + greenhouses)
E T0 — Refrigeration (lower temperature limit)
60 — Animal husbandry; Greenhouses by combined space
50 — Mushroom growing; Balneology/ therapeutic hot springs
40 — Soil warming; Swimming pools; Biodegradation; Fermentations
30 — Warm water for year-round mining in cold climates; De-icing; Fish farming

Figure 3. Lindal Diagram (Australian Academy of Science, 2015)
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Figure 4. Coffee Production by Subdistrict in Tapanuli Utara Regency (ton) 2020 (BPS, 2021)

Figure 4 shows that coffee is the leading commodity
in the North Tapanuli district. Including a coffee plant area
coverage of 17,586 hectares, with the most significant plant
area in the Siborongborong sub-district covering an area of
3,893.90 hectares (BPS, 2021).

This research is an answer to the local community's
refusal to utilize the remaining geothermal fluid energy from
the power plant in Sarulla to be used directly for drying coffee
and direct use of geothermal energy in Mataloko to increase
public acceptance (Ahmad et al., 2021). The fluid flowing
into the reinjection well has a temperature of 103°C with a
flow rate of 4978 t/h and a pressure of 6-14 bar. Therefore,
the reinjected fluid energy can still be used directy for
community business development in North Tapanuli, which
is a coffee-producing area as a leading commodity (BPS,
2021), which still uses traditional coffee drying (drying in the
open field) and is constrained by rain and cloudiness and can
only be done during the day. This study analyzes the
availability of energy and exergy for 24 hours a day so that
coffee dryers can be carried out even though the weather is

bad and at night.

2. METHODS

In this study, the authors used observational research
methods (observation). As shown in Figure 5, this method
collects data by recording the information during the study.
The data processing method uses statistical testing means or
the average value to get the average value for each variable with
a total of 24 data points to describe the availability of the
remaining fluid from the power plant for a full day for 24
hours. Secondary data from credible books and websites are
needed to complete the research. Additional data comes from
assumptions (like blower output in mass and pressure) to
support calculations and simulations using DWSIM software.
DWSIM is a chemical process simulation software that Daniel
Wagner developed, and the software is open-source. The data
is then processed to determine the energy and exergy values

residual fluid can produce from the power plant.
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3. RESULT AND DISCUSSION
3.1. Energy and Exergy

Analysis of the performance of a system requires the
concept of energy balance following the first law of
thermodynamics. The first law of thermodynamics states that
energy can neither be created nor destroyed. This law is often
known as the law of conservation of energy. A system that
changes from an initial state to a state of equilibrium or a final
state can absorb and release energy into the system's
surroundings. When no more changes exist in the system, a
state of equilibrium is created. A state of equilibrium occurs
when there is no change in the unbalanced force acting on it.
The energy contained in the initial and final states makes it
very difficult to determine the results of the total content, so
measurements are carried out by measuring the difference
between the energy of the initial state and energy in the final
state and the energy exchanged between the system and its
environment (Abdulaziz, 2020).

According to Rajput (Rajput, 2012), the energy
balance that occurs in the heat exchanger can be determined
with the assumption that no heat is lost to the environment
and changes in potential and kinetic energy can be neglected.
Then the equation for

Qnot = MpCpp(Tp, in — Ty, out) (1)
Qcota = mcCpc(Tcr out — Ty, in) )

The heat energy released by Qhot as a heat medium
has the same value as the heat energy absorbed by Qcold as a
heat conducting medium, so the equation is given.

Q = muCyy(Th, in — Ty, out) = mCp (T, out — T, in)

(3)

Where m is the flow rate value in kg/s, and Cp is the
specific heat value at constant pressure in J/kg. K, T is the
fluid temperature in Kelvin or Celsius, while the symbols h
and c refer to the hot fluid h (hot) and cold fluid ¢ (cold). The
heat transfer in the heat exchanger media varies throughout
the heat exchanger area. This value can be determined by
LMTD (logarithmic mean temperature difference). The
LMTD for a heat exchanger with a counter-flow arrangement
is determined by the equation:

Om = 91_992
e

Where 0,, is the LMTD in °C units, 04 is the

difference between T j;,, which is the temperature of the hot

4)

fluid input and T¢ gy, which is the temperature of the cold
fluid output in °C units, 05 is the difference between T gy¢,
which is the temperature of the hot fluid output, while T'¢ j,,
is the temperature of the cold fluid entered in units of °C.

The LMTD value, according to Kreith (Kreith,
Manglik, & Bohn, 2011), can be used to determine the
overall heat transfer coefficient in the heat exchanger with the
equation:

q = UAAT )
Where q is the heat energy in W units, and U is the

overall heat transfer coefficient in the heat exchanger in units
of W/m2.K, A is the heat transfer surface area in units of
m?, and AT is the LMTD (,;,). From equation 5, we get the
following equation :

A=—1 ©6)

T (D@D

Equation 6 can determine the heat exchanger's total
heat transfer surface area in m”.
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Calculation of exergy, according to (Moran, Shapiro,
Boettner, & Bailey, 2014), is carried out by evaluating the
change in the total exergy flow from the input flow to the
output flow in the heat exchanger by ignoring kinetic energy
and potential energy. The determination of the exergy change
can be calculated using the following equation :

m(e; — e;) = m(hy — hy) + To(s2 — 51)

@)

Where m(e; — eq) is the exergy of the hot fluid
flow in units of W, m(hy, — h4) is the difference between
the enthalpy value of the hot fluid output and the enthalpy of
the incoming hot fluid multiplied by m as mass, T,(sp —
s1) is the difference between the entropy of the hot fluid
output and the entropy of the hot fluid entering it multiplied
by 7as the ambient reference temperature in °C. The symbol
number 2 refers to the hot fluid output, and the number 1
refers to the hot fluid input. Equation 7 has the same principle
in determining the exergy value for cold fluids using the
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Where E 4 is the exergy destruction value in W units,
while m(e; — ey) is the exergy of the hot fluid flow in W
units, and m(e4 — e3) is the exergy of the cold fluid flow in
W units.

Figure 6 shows the reinjection brine data, taken from
the brine output and condensate used to generate electricity,
which flows to the reinjection well. Brine output from Brine
OEC and condensate from vapour condensation at
Bottoming OEC from 2 units, namely Unit 1 and Unit 2 of
the Sarulla NIL Power Plant, are then combined and flowed
to the reinjection well. Table 1 shows the data taken from
pressure, temperature, and brine flow rate data. They were
taken from the central control room of the power plant on
October 31, 2021, when there were 9 production wells
available out of a total of 11 production wells. Two
production wells are under periodic inspection and
maintenance.

Table 1. Brine Reinjection Data

Temperature Pressure Flow Rate
equation : Parameter " B Kolh
m(ey — e3) = m(hy — h3) + T,(s4 — s3) (© (Barg) (Kg/h)
High
®) shest 106,360 6,83 5.009.644
Value
Number 4 refers to the cold fluid output, and number 3 refers Lowest
to the cold fluid input. The exergy destruction value in the Value 101,578 6,29 4.944.730
heat exchanger can be determined by the equation: A
I
E;= m(e; — e;) + m(e, — e3) 9) vErage 103,360 6,52 4.978.410
Value
ufv"om | B ="‘ ="v '="|1 1 [ ] (= T ¢ —’ — —
Sarulla NIL csC | | sTG10  sTG20 OEC1  OEC2 OEC3  OEC4 OECM1 OEC12 OEC13  OEC14 (]
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Figure 6. Research Data Collection Point
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Table 2. Air Temperature Data as an Input

Data source Information

BMKG

Range

Minimum : 13,0 °C ~ The temperature in

(BMKG, 2022) -16,5°C the North Tapanuli
Maximum: No area
information

Weatherspark ~ Minimum: 18°C —

(Weather 19 °C i
Spark, 2022)  \ faximum: 27 °C — Sarulla’s temperature
29 °C

Table 3. Data on Coffee Drying Temperature

Data source Temperature
Balai Pengkajian Teknologi Pertanian (BPTP) 40°C-60°C
Lampung (BPTP Lampung, 2018)
Rancang Bangun dan Pengujian Alat
Pengering Biji Kopi Tenaga Listrik Dengan 45°C-50°C
Pemanfaatan Energi Surya (Gultom & T,
2019)
Perancangan Mesin Pengering Biji Kopi Semi 50°C - 55°C
Otomatis Kapasitas 25 kg (Fauzi &
Widiantoro, 2021)
Dispersion Coefficient of Coffee Berries in 40°C —50°C
Vibrated Bed Dryer (Finzer, Sfredo, Sousa, &
Limaverde, 2007)
Karakeeristik Pengerringan Biji Kopi 50°C — 55°C

Berdasarkan Variasi Kecepatan Aliran Udara
Pada Solar Dryer (Yani & Fajrin, 2013a)

The input air data to increase temperature is taken
from the ambient air around the power plant. Table 2 shows
that the data comes from 2 references, BMKG and
Weatherspark. The data is in the form of a minimum and
maximum temperatures achieved in the power plant area. The
maximum air temperature represents the hot air temperature
during the day, while the minimum air temperature
represents the cold air temperature at night.

Coffee drying is carried out at a specific temperature
to maintain the quality of the coffee beans so that there is no
damage to the coffee beans. Suitable drying air temperatures
for Arabica and Robusta coffee beans were varied in multiples
of 10°C to 40°C, 50°C, and 60°C. Table 3 shows the

temperature required for drying coffee.

3.2. Result of Energy Calculation

The overall energy balance of the heat exchanger can
be assumed to be that the heat exchanger is well insulated, and
the heat energy loss to the surroundings is insignificant and
can therefore be neglected. The energy balance can be
expressed by equation 3, where m is the mass flow value in
kg/s. C, is the specific heat at constant pressure in J/kg. K. T
is the average fluid temperature in K, both the inlet (in) and
outlet (out) temperatures. The symbols h and ¢ refer to hot
and cold media as heat conductors.

Table 4 shows the brine data parameters from the
power plant used as input brine in the heat exchanger. The
pressure value (p), the flow rate value (m), and the
temperature value (t) are the average values of the overall data.
The flow rate value is converted into units of kg/s, while for
the specific heat, it is converted into units of J/kg.K. The
specific heat value refers to the temperature of 375 K =
101,85°C, representing the specific heat value of the brine
temperature of 103,360°C.

Table 5 shows the input air data parameters. The
assumption of an air mass of 10 t/h is converted into units of
kg/s and an air pressure of 2 bar gauge to describe the blower
used to provide air intake to the dryer. The specific heat value
of air (Cp) refers to the specific heat value of air at a
temperature of 300 K = 26,85°C to represent the ambient air
temperature of 25°C. The output air temperature refers to the
temperature required for drying coffee beans.

The output temperature of the brine determined the
heat transfer value from brine to air, which is already known
by equation 1. The calorific value obtained from the brine
mass product, the specific brine heat, and the difference
between the input brine temperature and the output brine
temperature value produce a value of heat energy from brine.
The heat transfer value between brine and air with a mass of
10 t/h to reach a temperature of 50°C from an initial
temperature of 25°C is 69.792 J/s or 70 kW.

Table 6 above shows the value of the energy required
to raise the ambient air temperature for each temperature
variation from the initial temperature to the expected final

temperature for a dryer using equation 3 and equation 1.
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Table 4. Parameters of Brine Data

Parameter Pressure (p) Flow Rate (m) Temperature (t) Specific Heat (Cp)
Value 6,52 4.978.410 103,360 4,220
Units Barg Kg/h Celcius kJ/kg.K
Conversion 1.382,892 4.220
Conversion Unit Kg/s J/kg.K
Information Brine as input Brine as input Brine as input 375K =101,85°C
Source Primary data Primary data Primary data Secondary Data

Table 5. Air Data Parameters

Parameter Pressure (p) Flow Rate (m) Temperature Input Temperature Specific Heat
(Tin) Output (Tout) (Cp)

Value 2 10.000 25 50 1,005
Units Barg Kg/h Celcius Celcius kJ/kg.K

Conversion 2,78 1.005

Conversion Unit Kg/s J/kg.K

Information Air Input Air Input Air Input Air Output 300 K =26,85°C

Source Assumption Assumption Secondary Data Secondary Data Secondary Data

Figure 7 shows that a large amount of energy is
needed to raise the temperature from 15°C to 60°C at 125,62
kW, while the smallest amount of energy is needed to raise
the temperature from 30°C to 40°C at 27,92 kW. This shows
that the ambient air temperature in Table 2 dramatically
affects the energy required to raise the air temperature for the
coffee dryer.

The relatively high daytime temperatures require
little energy to raise the temperature for drying. However, at
night, when the ambient air temperature tends to be relatively
low, it takes much energy to raise the temperature for drying
purposes.

According to Kreith (Kreith et al., 2011), the heat
transfer distribution in the heat exchanger between the heat
medium and the heat conducting medium generally is not
constant but varies along the heat transfer area. Therefore, the
temperature value at a particular part of the heat exchanger
varies where heat is transferred between the hot medium and
the Mean

Temperature Difference is the temperature distribution value

heat conducting medium. Logarithmic

that can occur in a heat exchanger.

A better heat transfer value in counter-flow requires a
smaller heat transfer surface with the same heat transfer value
(Rajput, 2012).

The LMTD value of the temperature distribution in
Figure 8 for a counter-flow heat exchanger can be determined
using equation 4, where 8, is 65°C.

The heat exchanger analysis has the most uncertain
and important part, namely determining the overall heat
transfer coefficient. The coefficient is the total thermal
resistance to heat transfer between two fluids (Bergman &
Lavine, 2017).

Table 6. Brine Temperature 103,36 °C Heat Transfer Energy

Ambient Air Brine Heat Transfer Energy to Air (kW)
Temperature 1y _4o°C  T2-50°C  T3=60°C
(O
15 69,79 97,71 125,62
20 55,83 83,75 111,67
25 41,88 69,79 97,71
30 27,92 55,83 83,75
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Figure 8. Research Data Collection Point

From equation 5, assuming the overall heat transfer
coefficient in the heat exchanger is 1070 W/m*K, the
overall heat transfer coefficient of the steam condenser
(water in tubes) is 1000-6000 W/m*.K (Bergman & Lavine,
2017), then the heat transfer surface area can be determined
by equation 6 with a surface area of A = 1 m®. This surface
area is the basis of the design of the heat exchanger in the

coffee dryer.

3.3. Exergy Calculation Results
The exergy value that occurs in the heat exchanger

is determined by the type of heat medium and the heat

conducting medium through which the heat exchanger
passes. According to (Moran et al., 2014), the calculation of
exergy in this study can be determined with the following
assumptions of the technical modelling:

- There is no significant transfer of heat energy from the
system to the environment.

- Changes in kinetic energy and potential energy at the
inlet and outlet flows of the heat exchanger are
negligible.

- Air is modelled as an ideal gas.

- Environmental temperature and pressure reference based

on ambient air conditions
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The information in Table 7 can be used to
determine the exergy value of heat transfer from brine as a
hot medium using equation 7. Regarding the enthalpy of
brine output and the enthalpy of brine input, the
environmental reference temperature in T, and the entropy
values of the output brine and the input brine, the exergy
value of the brine is m(e, — e;) = =70 kW. The minus
value of exergy indicates that the energy released by brine in
the heat exchanger is -70 kW.

From the data in Table 8, it can be determined the
exergy value of air as a heat conducting medium using
equation 8 regarding the enthalpy value of the output air

and the enthalpy of the input air, the environmental

Table 7. Enthalpy and Entropy Values of Brine

reference temperature in T, and the entropy value of the
output air, the intake air, and the ideal gas value. The exergy
value of air is obtained from the air of m(e, — e3) = 3 kW.
The positive exergy value indicates that the energy received
by the air in the heat exchanger to raise the temperature is 3
kW.

From the brine exergy value and the air exergy value, it
can be determined how much of the exergy destruction
value occurs in the heat exchanger by using equation 9 with
the obtained exergy destruction of E5 = —67 kW. From the
calculation results, the exergy destruction value that occurs
in the heat exchanger is -67 kW, which means much energy

that is not maximally used in the heat exchanger.

Brine
Parameter
Value Units Source Information
Mass (m) 1.382,892 Kg/s Primary data Brine Input
Enthalpy-1 (hfl) 433,239 kJ/kg Table A-2 (T'1 = 103,360 °C) Interpolation
Enthalpy-2 (hf2) 433,189 kJ/kg Table A-2 (T2 = 103,348 °C) Interpolation
Entropy-1 (sf1) 1,34440 kJ/kg.K Table A-2 (T'1 = 103,360 °C) Interpolation
Entropy-2 (sf2) 1,34426 kJ/kg.K Table A-2 (T2 = 103,348 °C) Interpolation
Ambient temperature (To) 298,15 Kelvin 25°C Environmental Reference : Air
Table 8. Enthalpy and Entropy Values of Air
Brine
Parameter
Value Units Source Information
Mass (m) 2,78 Kg/s Primary data Air Input
Enthalpy-3 (h3) 298,333 kJ/kg Table A-22 (T3 = 298,15 K) Interpolation
Enthalpy-4 (h4) 323,4526 kJ/kg Table A-22 (T4 = 323,15 K) Interpolation
Entropy-3 (so3) 1,695785 kJ/kg.K Table A-22 (T3 = 298,15 K) Interpolation
Entropy-4 (so4) 1,776722 kJ/kg.K Table A-22 (T4 = 323,15 K) Interpolation
) ) . Environmental Reference: Air
Ambient temperature (To) 298,15 Kelvin 25°C
Constant
Air molecular weight (M) 28,97 Kg/mol Ideal Gas
Pressure-3 (P3) 2 Barg Assumption
Pressure-4 (P4) 2 Barg Assumption
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3.4. DWSIM Simulation Results

The heat exchanger can be simulated using
DWSIM software to determine the temperature value and
the energy that can be generated from the heat transfer that
occurs from both the heat medium and the heat conductor,
as shown in Figure 9. Furthermore, the results of this

simulation can be compared with the results of manual

calculations to find out that there is no significant difference
between the simulation results and manual calculations.

Table 9 shows the heat exchanger and brine and air
simulation results. The simulation results of a counter-flow
heat exchanger for an air temperature of 25 °C increased to
50 °C showed a heat load of 69.6179 kW with an LMTD
of 65 °C.

\
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Figure 9. Simulation of a DWSIM Heat Exchanger

Table 9. (A) Heat Exchanger, (B) Brine and Air Simulation Results

Heat Exchanger (A)

Object Heat Exchanger
Global Heat Transfer Coefficient (U) 1070,11 W/[m?2.K]
Heat Exchanger Area (A) 1 m?2
Heat Load 69,6179 kW
Cold Fluid Outlet Temperature 50 C
Hot Fluid Temperature 103,349 C
Logarithmic Mean Temperature Difference LMTD 65,0565 C
Thermal Efficiency 31,8163 %
Brine and Air (B)
Object Brine In Brine Out Air in Air out
Temperature 103,36 103,349 25 50 C
Pressure 6,52 6,52 2 2 Bar
Mass Flow 4,97841E+06 4,97841E+06 10000 10000 Kg/h
Molecular Weight (Vapour) 0 0 28,96 28,96 Kg/mol
Heat Capacity (Liquid 1) 422135 422134 0 0 Kj/[ke.K]
Phases Liquid Only Liquid Only Vapour Only ~ Vapour Only
Ideal Gas Heat Capacity Cp (Vapour) 1,89235 1,01848 1,00142 1,00365 Kj/kg
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Table 10. Heat Transfer Energy Temperature 103,36°C

Simulation Results

Ambient Air Brine Heat Transfer Energy to Air (kW)
Temperature 11 _4o°c T2-50°C  T3=60°C
§9)
15 69,56 97,42 125,32
20 55,66 83,52 111,42
25 41,75 69,62 97,51
30 27,84 55,71 83,60

Table 10 above shows the simulation results of heat
transfer energy from brine to air. The resulting energy value
is almost the same as the manual calculations using equation
1. Therefore, the standard deviation between manual
calculations and simulations is set at a minimum value of
0.056569 and a maximum value of 0.212132.

3.5. Silica Scale Formation Rate

The performance of the heat exchanger depends on
the heat transfer between the two media that exchange heat
energy. Silica is a substance found in geothermal fluids.
Silica can form a scale on the heat exchanger, which causes
a decrease in performance due to the thickening of the heat
exchanger material, according to research that has been
carried out (Sarulla Operation Ltd., 2021) to determine the
rate of silica formation from reinjection fluid at the Sarulla
power plant. The results showed a decrease in the OEC
brine output temperature caused by increased electricity
production to maximize the available brine. The OEC brine
output temperature is 105°C - 110°C from the initial
temperature of 129°C. The results showed that to get a low
silica deposition rate of < 1 mm/year, the temperature must
be >104°C and pH < 4. The heat exchanger in this study
used hot media in the form of heat from brine with a
temperature of 103°C, so the rate of silica formation is
>1mm/year. The heat exchanger can still be used with the
provision of periodic maintenance of the heat exchanger in
the event of a decrease in performance of the heat exchanger.
The temperature of the inlet brine can also return to high if
the two wells in the maintenance phase are returned to the

system.

3.6. Coftee Drying Advantages and Disadvantages
Traditional coffee drying (drying in the open field)
carried out by farmers generally has weaknesses. Rain and
cloudiness are the main obstacles to traditional drying and
can only be done during the day (Yani & Fajrin, 2013b).
Meanwhile, drying using residual geothermal fluid through
a heat exchanger can dry at night and is available 24 hours
a day without being disturbed by the weather. However,
drying coffee using a heat exchanger is very expensive.
Nevertheless, this can be done away with the help of

corporate social responsibility.

3.7. Geothermal CO, Emissions

Energy sourced from geothermal has the lowest
CO; emissions compared to other energy sources such as
natural gas, fuel oil, and coal. For example, in Figure 10,
geothermal energy produces the smallest emissions among
other energy sources in generating electricity and heating
power plants compared to coal, which produces the highest
emissions in generating electricity and heating power plants.
Coftee dryers can also use gas fuel from liquefied petroleum
gas (Djafar, Piarah, Djafar, & Riadi, 2018) but still produce
high CO, emissions compared to geothermal energy. So
geothermal energy is perfect for the environment because it

produces the most negligible CO, emissions.

800 B Electric power
B Heating

(CO, emission g/kWh)
2
(-]

200 FE= ;
|
100 . "'. \n !
|
5 - [ EJ
Geothermal Natural gas Fuel oil Coal

(Bjérmsson, 2008)

Figure 10. CO, Emissions from Electric and Heating
Power Plants, From Different Energy Sources (Gissurarson
& Arason, 2018)
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4. CONCLUSION

Energy from brine reinjection of 70 kW is sufficient
to raise the air temperature from 25°C to 50°C with a mass
of 10 tons/hour required for drying coffee beans. The exergy
destruction value during heat transfer in the heat exchanger
at an air temperature of 25°C to 50°C is 67kW. Drying
coffee beans does not interfere with the power plant's
reinjection system because fluid temperature changes do not
change significantly. The rate of silica formation in the
reinjection pipe is highly dependent on the temperature and
pH of the power plant brine reinjection, so periodic
maintenance is required to prevent the heat exchanger from
deteriorating. The simulation results have the same results
as the manual calculations. The standard deviation between
manual calculations and simulations is set at a minimum
value of 0.056569 and a maximum value of 0.212132.
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