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The threat of climate change is increasing, especially the
damage to nature caused by pollution in the agricultural
sector. The impact of agricultural waste that is not managed
optimally can reduce ecosystem function and disrupt food
security stability. This research/research aims to mapping,
analyzing, and developing Internet of Things (loT)-based
bioindustry technology in order to create an efficient, green
and sustainable agricultural industry. This research uses
guantitative methods with agroecology theory related to the
development of agricultural waste management systems.
The benefits of anaerobically processing agricultural waste
such as in the West Java region is to create an optimal,
efficient and land-saving food production system.
Biotechnology based on the loT automation system is a
technology that can control agricultural food production
waste by composting waste into new product that can be
used. Therefore, we conducted research on agricultural
waste, namely husk waste and cow blood water from
slaughterhouses. The end result of the waste treatment is
Bokashi Fertilizer and Liquid Organic Fertilizer by using
biotechnology technology.
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1. INTRODUCTION

In the era of the industrial revolution 4.0 and
entering 5.0, industrial development and
technological developments are a big challenge
for the sustainability of natural ecosystems.
There are many industrial developments that
produce waste and pollution without proper
management processes, which have become
polemic. The problems of waste and pollution
as well as the threat to the stability of food
security are crucial issues that will disrupt the
existence of nature and hamper the pace of the
economy due to the crisis. Based on the 2022

World Meteorological Organization (WMO)
report, observations show that there is a
possibility of an increase in earth's temperature
by up to 1.5°C in the next five years. This has
resulted in a catastrophic climate change which
has a major impact on food security and the
sustainability of environmental ecosystems
throughout the world. The Intergovernmental
Panel on Climate Change (IPCC) reports that in
2019 79% of carbon emissions (CO2) came
from the energy, industry, transportation and
building sectors and 22% came from the
agriculture and forestry sectors. These problems
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provide  awareness that  technological
development, especially in the field of
agricultural industrial waste treatment, needs to
lead to a transition towards a more sustainable
and renewable one. This innovation
development research has a series of objectives
including mapping agricultural waste problems,
reviewing/analyzing, and developing based
Internet of Things (1oT) bioindustry technology
to create an efficient, green, and sustainable
agricultural industry. Bioindustry technology in
the industrial era 4.0 is categorized as one of the
implementation production system innovations
from combining green industrial systems based
on Internet of Things (10T) automation systems.
In terms of efforts to reduce industrial waste
pollution and energy and land efficiency,
biotechnology development research is a means
of managing agricultural and livestock waste
such as rice and cattle. Seeing the problem of
agricultural waste that cannot be managed
adequately, the development of a smart
biotechnology system technology in green and
sustainable agricultural waste management is a
solution for implementing green industry.
Combining loT systems and biotechnology
systems can be practiced by connecting an
equipment system with the Internet to carry out
various  functions  (Komaludin, 2018).
Agricultural waste processing activities with
the concept of biotechnology will definitely
require supporting equipment for waste
composting (Erickson et al., 2012). loT also
makes it easier for employees/farmers in the
agricultural industry to find out information in
real-time on the protocols and equipment that
will be used in processing the production waste.
In the agricultural sector, production waste in
the rice industry in the form of rice bran (husk)
through biotechnology can be processed into
new products in the form of bokashi fertilizer
and animal feed.

The condition of agricultural and livestock
waste disposal in most parts of Indonesia is still
not properly resolved. The waste products of the
agricultural industry have an impact on water,
soil and air pollution which damages the
environmental ecosystem (ecocentric). Every
day, a cow can produce 10-15 kg of manure
(Bojonegoro  District Government, 2015).
Waste from Slaughterhouses such as slaughter
of cows in the form of their blood is still often

found being dumped directly into rivers or soil
which causes water and soil pollution.

The case of animal slaughter waste water
pollution which has an impact on the
surrounding community and the environment,
for example what happened at the X
Slaughterhouse in Bogor City, West Java. The
pollution issue of waste from Slaughterhouse X
in the Bogor area related to animal slaughter
waste such as blood and animal feces seems to
have disrupted the ecosystem in the Ciliwung
watershed and has caused various diseases for
the community around Slaughterhouse X. The
stench and the emergence of diseases such as
diarrhea as well as environmental pollution
around the slaughterhouses occur due to blood
slaughtering waste that is not managed
optimally resulting in excessive microbial
development. Improperly managed wastewater
in the slaughterhouse may lead to a decline in
the quality of water, soil, air, and the health of
residents around the slaughterhouse area. The
research study indicates that microbes from the
decomposition of blood waste from
Slaughterhouse X trigger an increase in the
concentration of Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD),
Ammonia (NH3), changes in pH, and Hydrogen
Sulfide (H2S), resulting in a foul odor
resembling sulfur or rotten eggs (Lubis et al.,
2018). In 2018, there was research which
showed that wastewater from slaughtering cows
and other livestock had caused environmental
pollution (a decrease in the quality of clean
water, soil and air around the slaughterhouses)
and disease disturbance for the people living
around the slaughterhouses. The results of the
research survey showed that around 100% of
community respondents living around the X
Slaughterhouse complained of the smell of
slaughter wastewater and 40% of respondents
also admitted to experiencing health problems
in the form of nausea.

In addition, as an ASEAN country like
Indonesia there are still many cases where grain
milling waste is in the form of husks that are
simply thrown away. Rice husk waste takes
quite a long time and is difficult to decompose
naturally, causing environmental pollution and
also having an impact on human health
(Agricultural Extension and Human Resource
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Development Agency, 2022). This concept has
been practiced in Bojonegoro Regency, quoted
from the report of the local Regional
Government that so far cow dung and husks
cannot be decomposed directly so that cow
dung and husk waste processing activities are
carried out using the EM4 method to produce
bokashi fertilizer products. Making bokashi
compost from cow dung uses a fermentation
process with a composition of bacteria
consisting of Azotobacter sp., Lactobacillus sp.,
yeast, photosynthetic bacteria and cellulose-
degrading fungi  (Bojonegoro  Regency
Government, 2015). The process of fermenting
sewage is an application of biotechnology, this
technology can be applied evenly to other areas,
especially the Bogor area and around West
Java. Comprehensive decision-making models
are needed for the evaluation of green
operations initiative (Amrina & Zagloel, 2019).
The application of biotech-based green waste
management and the support of the Internet of
Things (loT) automation system in the
agricultural and livestock sectors can boost the
MSME economy of local residents and reduce
environmental pollution.

RPH wastewater can also be managed into
liquid fertilizer with the help of biotechnology
concepts. Cow slaughter blood waste can also
be processed through the EM4 fermentation
method which will produce liquid organic
fertilizer. Based on previous research conducted
by Diponegoro University students from
Environmental Engineering and Industrial
Engineering study programs in Kupang Village
in 2019, the results of waste water from animal
blood such as cow blood which is processed
into liquid organic fertilizer can reduce the
intensity of river and soil pollution of RPH,
reduce use of chemical fertilizers, as well as
being able to grow the economy of regional
farming communities. In fact, since 2012, there
has been research by Sylvi, a Chemical Analyst
Middle School (SMK-SMAK) student in
Padang, West Sumatra, which proves that
Liquid Organic Fertilizer from cow blood waste
can be used to fertilize rice, fruit crops,
vegetables, etc.

2. LITERATURE REVIEW
The first journal entitled "Empowerment of
Kupang Rejo Village Communities Through

Utilization of Slaughterhouse Cow Blood
Waste to Become Environmentally Friendly
Fertilizer" addresses a discussion related to
processing techniques for Slaughterhouse cow
blood waste using the anaerobic method of EM4
decomposition into liquid organic fertilizer.
Utilization of Slaughterhouse cow blood waste
into organic liquid fertilizer can reduce
environmental pollution and also increase the
economic welfare of farming communities
(Pertiwi, et al, 2019). In a journal entitled
"Management of Slaughterhouse Wastewater at
the X Slaughterhouse, Bogor City, West Java
Province" (Lubis, et al, 2018), RPH wastewater
that is not managed optimally will lead to a
decrease in the quality of water, soil, air, and
health. residents around the RPH area. In two
studies entitled "Mapping challenges in
developing sustainable small and medium
industries:  Integrating lean and green
principles” (Amrina et al., 2021), the
application of the concept of green and clean
production to small and medium enterprises
(SMEs) has an important role in realizing
sustainable and environmentally friendly
industry. Then in the journal "Application Of
Sustainable  Productivity Management In
Footwear Companies By Green Manufacturing
Approach" states that the application of green
production in the manufacturing industry is a
company's obligation to achieve green and
sustainable productivity (Amrina & Elisa,
2019).

Bioenergy is an alternative waste processing
product sourced from biomass waste from
agricultural, plantation, forestry, livestock and
fisheries industries. Bioenergy is
environmentally friendly because it does not
increase the amount of carbon dioxide in the
atmosphere and its cycle is available again
within a year (Widya et al., 2021). Bioenergy
can used as solid (biomass), liquid (biodiesel
and bioethanol), or gas (biogas) fuel in the
household, industrial, transportation and power
generation sectors. The government has tried to
support efficient use of energy as best as
possible. This success is still needed through
behavior, habits, discipline and awareness of
energy saving. Environmental problems have a
very integral unity with energy behavior
problems.
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In a study entitled "Waste Management
Technology for Sustainable Agriculture",
appropriate and safe waste treatment for
industrial, agricultural, food and other waste
can utilize anaerobic treatment techniques using
the help of decomposing bacteria (Muzaffar et
al., 2021). However, these five research studies
seem to be inconsistent. discusses the
application of agricultural industrial waste
treatment systems on a large scale and tends to
still use manual systems that are less efficient
and economical so that in this study we
researchers will try to develop bioindustry
technology and design loT-based automation
systems in the agricultural industry. This
research research focuses on the development
of biotechnology in agricultural waste
treatment. This research was taken from a
number of references, among which were taken
from research on the issue of the impact of
pollution from husk waste and livestock manure
which are difficult to decompose naturally
without going through chemical decomposition
and bioremediation processes. In previous
research, it was explained that husk waste and
livestock manure can be converted into
fertilizer which has a much more profitable
economic value, especially for the surrounding
farming community, rather than being waste
without processing. This research and
agricultural waste treatment program uses the
concept of bioremediation decomposition with
EM4 decomposers which convert agricultural
waste into organic fertilizer. The research
concept is then used in this research plan as the
basis for the development concept of biotech-
based agricultural waste  management
technology.

In addition, according to previous research as
described in a journal entitled "Management of
Slaughterhouse  Wastewater at the X
Slaughterhouse, Bogor City, West Java
Province", wastewater from slaughterhouses is
a source of pollution problems for river
ecosystems, soil, water, to the health of the
surrounding community. This waste water
problem is in accordance with research in the
journal "Empowerment of Kupang Rejo Village
Communities Through Utilization of RPH Cow
Blood Waste to Become Environmentally
Friendly Fertilizer" can be handled by means of
integrated RPH wastewater treatment efforts

such as blood from slaughtered cows which is
processed through the EM4 decomposer into
liquid organic fertilizer, which is a process
similar to that used in the processing of husk
waste and livestock manure. The research plan
in this proposal encourages the application of
biotechnology and the help of 10T automation
systems on a large scale and comprehensively
for the entire agricultural industry in Indonesia,
especially in the West Java region. initially
research on this proposal will begin with
experiments on a household scale which will
then be described in an agricultural industrial
system with the help of an application.With the
help of developing an loT system in the
agricultural waste treatment process, the issue
of the impact of environmental pollution by
agricultural industries in Indonesia can be
handled more adequately as well as providing
welfare for the surrounding community,
especially from farmer groups.

The green production methodology in previous
research journals is the basic concept used in
this research as it was developed in realizing
green industry principles for a more sustainable
agricultural industrial sector. Our research
focuses more on the discussion of bioindustry
because we share the same concern, namely the
lack of government efforts to promote
bioindustry even though, in the 1999-2004 State
Policy Guidelines (GBHN), for example agro-
industry policies are developed as one of the
industrial sub-sectors that fulfill two the main
requirement is that it is based on local resources
and is able to empower the people's economy.
The advantage of agroindustry is the level of
dependence on basic and raw materials as well
as human resources and technology from
outside, which is relatively small compared to
other industries. However, the real form of this
effort does not yet exist. therefore we have a
goal that farmers are not only advanced in the
agricultural sector but can also utilize
agricultural waste to be used as fertilizer so that
they can be resold and benefit from this waste.

3. RESEARCH METHOD

In developing research on the application of
bioindustry methods to agricultural industrial
waste, the research methods to be used are
guantitative methods and Research &
Development (R&D). Quantitative methods
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function in analyzing and mapping the results of
trials of microbial fermentation systems in the
processing of rice husk waste and cow blood.
The sewage treatment system will use the EM4
fermentation concept which consists of a series
of bacteria and various supporting components
for waste fermentation. Quantitative research
methods with research on the development of
bioindustry systems are accompanied by the
concept of waste management of the
agricultural industry and green and sustainable
agricultural production with the theory of
agroecology (Altieri, 1995). The development
of biotech technology research complemented
by the use of artificial intelligence aims to
create a sustainable agricultural food waste
processing output system supported by actual
data and valid literature.

Research data was collected through several
articles, scientific journals, books, interviews,
reports from related institutions/ministry, as

well as with the help of search keywords
"biotechnology,  bioindustry,  agricultural
industrial technology, climate change, water
and soil pollution, agricultural industry waste
management, waste management husk, cattle
ranch waste management, fermentation, green
building,  sustainable  green  industrial
development, industrial waste management,
etc.”" In order to improve this scientific research,
data analysis uses supporting accredited
journals from Sinta, Indonesian Ministry of
Agriculture, JSTOR, Elsevier, Academia,
Zlibrary, Research Gate, Harvard Library,
Cambridge Core, etc. To strengthen the validity
of writing in research, the research team
conducted interviews with several key
informants related to the research idea, namely
Prof. Dr. Bungaran Saragih Garingging as
Minister of Agriculture for the 2000-2004
period and Professor of IPB University in the
field of agribusiness.

Identification of problems

v

Mapping of Agricultural Waste
Treatment Systems in West Java

v

‘ Processing Organic Waste

Fertilizer

Preparation of Making EM4 Solution
EM4 Agricultural Waste Composting

® EM4 Solution

® Rawand Black Husk

. Cow Blood Waste
Fruit Yeast J

Molase/ sugar
Water

Secondary Data
Journal and article

Primary Data
Interview Concept of Waste Management Technology
Agricultural waste problem in

Biotechnol
West Java ogy

Green Agricultural Production Theory

Processing Organic
Waste Fertilizer

v
Bioindustry system for efficient

Final Reportand Journal and sustainable agricultural food
system

Figure 1. Research flow chart and achievements
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4. RESULT AND DISCUSSION

The Indonesian agricultural industry is
experiencing  very rapid  technological
developments and has a significant influence on
the national Gross Domestic Product (GDP).
Agribusiness system technology in Indonesia
has already developed the concept of
environmentally friendly production and
integrated and environmentally friendly waste
treatment. Production efficiency that is minimal
in carbon, for example by using cattle or buffalo
power for processing agricultural land is one
step to minimize the use of machines that can
produce carbon emissions. Utilization of
agricultural waste into products with new use
values such as processing cow dung into a
source of biogas has become an alternative in
reducing hazardous waste to the environment.
The design of an agricultural food production
system for the livestock and agriculture sector
which has been implemented in several regions
in Indonesia, is as follows (Yustri, 2019): (1)
Build a cattle farm to produce milk and meat,
(2) Build a cow urine shelter and process it into
bottled liquid fertilizer and then sell it to
farmers, (3) Building a reservoir for cow dung
to be processed into biogas material and then
distributing it to resident homes as cooking fuel
with the provision of paying a biogas fee every
month. This of course can help save money for
less fortunate households in terms of cooking
fuel, and (4) Processing of livestock manure
from biogas waste as organic solid fertilizer
which can be sold to farmers as an
environmentally friendly plant fertilizer.

In addition, agribusiness systems and
subsystems in West Java are still not adequately
connected between one system and another,
especially in the output (downstream) process.
Research data shows that agribusiness systems
and subsystems in Indonesia, especially the
West Java region, still require technology that
can integrate processes from upstream to
downstream. The agribusiness sector has 4
subsystems that are connected to each other,
namely on farm agribusiness (agriculture),
upstream agribusiness (subsystem systems),
downstream agribusiness (products), and
service to agribusiness (services). The
following is a mapping of the concept of
agricultural food production systems in
Indonesia.

Figure 2. Mapping of the integrated agricultural food
production system in Indonesia (Source: Yusri, 2019)

Analysis and Development of Biotechnology
Innovations based Internet of Things (1oT) in
Agricultural Industry Waste Treatment
Systems

Research on the development of biotechnology
systems in the management of agricultural
waste, especially rice bran or husk waste, is a
breakthrough innovation in  agribusiness
systems. The concept of a sustainable green
agricultural industry with the application of a
bioindustry system can be an innovative
solution to technology development in
production systems (on farm agribusiness) and
agricultural waste processing (downstream
agribusiness). The development of bioindustry
system based Internet of Things (loT) in
agricultural industrial waste management
technology is an innovation aimed at reducing
hazardous waste and realizing clean production
efficiently and evenly throughout all
subsystems. The loT-based biotechnology
concept has not been widely applied in the
Indonesian agricultural industry, even though
this concept is an alternative for time, effort and
cost efficiency in reducing the impact of
agricultural waste without harmful chemical
processes and creating sustainable recycled
products (Andalusia, 2018). Realization of the
concept of bioindustry in this research design on
waste management. A carbon pollution detector
is installed in the production room and detects
the pH level of the water in the food production
waste storage tank at the output stage.

The composting technique of raw and burnt rice
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husk waste is processed by mixing a solution of
EM4 mixture for agriculture which has
previously been left standing for at least 2 days.
The composition of the marine EM4 mix for
agriculture includes 5 L of water for 100 ml of
EM4 mix, 100 ml of EM4, 100 ml of molasses,
Fruit yeast, Azotobacter sp., Lactobacillus sp.,
fungi and decomposing bacteria. According to
research trial data, 5 kg of agricultural waste
(husk) uses a mixture of 5 L - 8 L EM4
decomposer solution.

To make liquid organic fertilizer from cow's
blood waste water requires the following
composition; 100 ml of molasses, 200 ml of
EM4 decomposer, 800 ml of water, and 5 L of
cow's blood. The liquid organic fertilizer of
cow's blood waste is quite harsh, so it is
recommended to use it in the afternoon. Based
on the results of the study, the development of
plant subjects using the liquid organic fertilizer
from cow blood waste was not very visible
within 1 week, but the plants showed fairly
good conditions after being watered with liquid
organic fertilizer. However, the liquid organic
fertilizer of cow blood waste has succeeded in
reducing odors and the negative effects of
concentrations of Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD),
Ammonia (NH3), changes in pH, and Hydrogen
Sulfide (H2S) which cause bad smells. In
addition, the processing of cow blood waste
water into liquid organic fertilizer also
minimizes the impact of slaughterhouse (RPH)
waste water which causes diarrhea on the
surrounding community, as happened in Bogor.

Low Carbon and Sustainable Agricultural
Food Production System Diagram

According to the conditions above, it is
necessary to have a solution that can reduce
hazardous waste and production with energy
and land efficiency. For the agricultural
industry, especially those with concentrations
of organic waste, an appropriate waste
treatment system is needed by utilizing the
activity of microorganisms or referred to as a
biotechnology system that is connected to the
Internet of Things (loT) automation system.
Based on the Research and Development
(R&D) concept in this study, the smooth
running of an adequate agricultural food
production system requires relationships

between research and technology development
institutions, extension workers, farmers, the
agricultural industry, and the government.

.
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Figure 3. Green and sustainable bioindustrial system model
(Source: Andalusian Bioeconomy Strategy, 2018)

Biotechnology and loT systems can be paired
as pollution detection sensors in the production
room and sensors in waste tanks at the end of
production.  Agricultural food industry
companies should be able to cooperate with
supplying farmers as buyers and recipients of
fertilizer supplies from processed waste.
Agricultural companies also need to improve
relations with the government for the smooth
running of the program by implementing
policies and facilitating budgets in building
waste production and treatment systems that
have low-carbon and sustainable production
efficiency values. The concept of bioindustry
research in the agricultural food industry is
mapped in a system diagram that contains
processes from upstream to downstream. The
system  diagram  below  will help
comprehensively map a green agricultural
production system, examine the complexity of
the relationship between input factors,
production systems, strategies and policies,
output (downstream), and services.
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Table 1. Research scale
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Figure 4. System Diagram for mapping low carbon and sustainable agricultural food production systems
(Source: Data processing, 2023)

5. CONCLUSION

From the results of mapping the agricultural
food production system in West Java, Indonesia
seeks to analyze and describe the agricultural
industrial system in West Java regarding the
processing of production waste from the
agricultural industry to increase effectiveness,

efficiency and reduce the environmental impact
of existing methods. So that waste treatment can
be better and have a positive impact on
environmental sustainability and economic
growth in the West Java region.

In the agricultural industry, waste treatment is
included in the on farm agribusiness and
downstream systems so that the application of
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the bioindustry concept for green production
must also be connected to systems such as the
Internet of Things (1oT). The development of
loT-based  biotechnology  systems  in
agricultural waste processing can increase
production efficiency evenly. These concepts
and systems are able to deal more adequately
with the issue of the impact of environmental
pollution by agricultural industries such as what
happened in West Java and provide welfare for
the surrounding community, especially from
farmer groups.

The diagram for the agricultural industry
system shows that utilizing microorganism and
IoT activities in a production waste
management system can minimize harmful
waste. The concept also raises awareness of
clean, low-carbon and sustainable production.
The application of bioindustry system
technology in agribusiness is an alternative in
implementing green building and production
for agricultural industrial sectors.

The research contributes to the academic world
by providing insights into the development and
application of bioindustry technology in
agricultural waste management. It adds to the
existing body of knowledge on sustainable
production systems, waste treatment, and the
integration of 10T in agribusiness. The research
also has potential benefits for society,
particularly in the agricultural industry. By
implementing bioindustry technology, it can
lead to more efficient, green, and sustainable
agricultural practices.
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