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ARTICLE INFORMATION ABSTRACT

Article history: The largest kenaf culture in Indonesia is in Laren, Lamongan. Kenaf

plants are suitable to be planted in the Bonorowo field. The less
potential land conditions make the cultivation of kenaf plants must
use chemicals. The use of chemicals has the potential to harm the
environment. The approach to identifying and analyzing
environmental impacts is the Life Cycle Assessment (LCA). LCA is
one method to find out the life cycle of agriculture. LCA stages are
Goal and Scope Definition, Life Cycle Inventory, Life Cycle Impact
Assessment, and Interpretation. Environmental impact measurement
is based on fifteen categories grouped into four categories. LCA
processing results show the use of urea fertilizer has the most
significant negative impact on the environment. The biggest impact
category due to the use of urea fertilizer is aquatic ecotoxicity. The
use of urea fertilizer affects the types of resources, climate change,
ecosystem quality, and human health. Of the four groups, which have
the highest value, are the resource group. The use of urea fertilizer
has the most significant role in the success of kenaf cultivation
because kenaf cultivation requires more N elements to improve the
quality of kenaf stems. The use of organic fertilizer can be an option
to reduce the use of urea fertilizer.
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INTRODUCTION plantation in Indonesia is in the Lamongan area,
covering an area of 2,150 hectares.

Biodiversity, vast land, and tropical climate make

Indonesia has a great potential to improve aspects
of agriculture or plantations compared to other
countries. One of the plantation products that are
the mainstay of several regions in Indonesia is
kenaf plantation. Kenaf (Hibiscus cannabinus L.)
is a quality plant that produces fiber for industries
with high economic value. Based on information
from farm Bonorowo Land, the largest kenaf

The steps of the kenaf cultivation process are
planting, maintaining, and harvesting. Planting is
done by spreading kenaf seeds intercropped with
maize or rice plant. Maintenance consists of
fertilizing, thinning, and pest control. Harvesting
is done if 50 % of the kenaf plants flowering.
Harvesting is done by cutting the base of the stem
just above the soil surface. After the kenaf stem is
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cut, the stem is immersed for 14-20 days. The
soaked stem is then made fibrous to separate the
skin from the kenaf stem. Washed kenaf fibers are
placed on a para-para to dry in the sun [1]. Para-
para is a bamboo rack used for storing goods.

One of the obstacles faced for developing kenaf
commodities is low productivity at the farm level.
Based on information from the coordinator of the
farmer group in Bonorowo Land, Mr. Wikurlan,
the average kenaf yield in 2018 was 1.478

tons/hectares. To break even, it requires
productivity of 2 tons/hectare [2]. The main
factors causing low productivity in kenaf

agriculture are the availability of nutrients in the
soil, and pests. Bonorowo Land generally has
nutrients about modest N-total, low P, low K, and
pH 4-4,2. Thus the Bonorowo Land has less to
moderate fertility, so a balanced fertilizer
application is needed [3]. The use of fertilizers
adversely affects the survival cycle [4], [5], [6].
and [7]. Agriculture is also inseparable from the
use of insecticides to reduce the number of pests.
However, excessive use of pesticides can also
cause environmental problems around it.

Environmental problems arising from kenaf
cultivation activities need to be identified so that
further corrective steps can be taken. One
approach  to identifying and analyzing
environmental impacts is the Life Cycle
Assessment (LCA). LCA is one method for
investigating the ecological impact of a production
system throughout its life cycle [8]. The strength
of LCA is that it provides a complete picture of
products, processes, and services. LCA covers the
production and consumption of resources such as
energy or carbon emissions wherever the process
is located. Small changes that bring environmental
benefits can create more carbon emissions. LCA
can evaluate any changes in the production
timeline. The disadvantage of using the LCA
method is that the data required is specific and
needs a good inventory of data so that the pooling
of data takes time and costs, the LCA process
cannot determine the best or most cost-effective
product or process [9].

LCA has been implemented to determine and
manage environmental impacts in various
production sectors such as industry, energy, and
agriculture. LCA research on the plantation world
has been carried out in several countries. LCA is

used to discuss the environmental impact of
peanut farming in Guilan, Iran. The study assessed
six impact categories. The highest ecological
impact is the depletion of fossil resources [10]. In
South China, research has been conducted on the
effects of integrated aquaculture farming using the
LCA method. In his research results showed that
the majority of the total global warming system
(97%) was associated with the use of methane
from fertilized land [11].

Research related to the environmental impact on
the agricultural sector in Iraq from 2007 to 2014
was carried out using the LCA method. The
calculated impact categories are global warming
impacts, potential acidification, and terrestrial
eutrophication. The result is that from 2014 to
2017, the adverse effects of terrestrial
eutrophication has the most considerable
influence on the environment [12]. Environmental
impact analysis with LCA was also carried out for
the agrosystem model planting system.
Environmental impacts considered are increasing
energy use, global warming, eutrophication
potential, and acidification [13]. In 2019 there will
be LCA research on cucumber and tomato farming
in open fields and greenhouses. The results show
that of the overall impact, greenhouse cucumber
farming is more environmentally friendly than
greenhouse tomato farming. The most significant
contribution to the impact category is caused by
the use of electricity and fertilizer [14]. Previous
studies discuss rice farming in Iran. In his
research, the focus of the analysis is the impact of
the use of fertilizers for several types of rice grown
using LCA. The impact categories to be analyzed
are global warming, acidification, terrestrial
eutrophication, depletion of fossil, phosphate, and
potassium resources [15].

So far, research on kenaf has only been limited to
a few topics, mainly only about the use and
benefits of kenaf fiber. Previous studies related to
LCA and kenaf are research on the benefits and
sacrifices of implementing bio-based materials
(kenaf fiber) in the field of automotive component
production and environmental impact analysis
from the use of kenaf core in structural insulation
panels [16], [17]. Based on the results of the
summaries of 2014 to 2019 related to the use of
LCA in agriculture, there are no studies on LCA
in  kenaf cultivation [18]. Research on
environmental aspects of kenaf agriculture has
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been carried out in Bangladesh and Portugal. In
that study, the most significant environmental
impact of kenaf agriculture in Bangladesh was the
effects of global warming, nutrition, human
toxicity, and chemical oxygen pollution. The
ecological implications of kenaf agriculture in
Portugal is the emission of acidification [19], [20].
Each region and system of agricultural
implementation will produce different results.

This study discusses the environmental impacts of
kenaf cultivation in Bonorowo Land, Laren,
Lamongan by using the LCA method. The focus
of this research is to consider fifteen ecological
impact categories. The fifteen types of impacts are
non-renewable energy, mineral extraction, global
warming, aquatic  ecotoxicity, terrestrial
ecotoxicity, aquatic acidification, aquatic
eutrophication, terrestrial acid/nutrients, land
occupation, carcinogens, respiratory inorganics,
respiratory organics, ionizing radiation, ozone
layer depletion, non-carcinogens [21].

RESEARCH METHODS

This research uses secondary data. Overall, data
from kenaf cultivation was obtained from the
farming business group. All data are collected
from September 2018 to February 2019, according
to the age of kenaf cultivation. They are starting
from the distribution of seeds to kenaf fiber
delivery to collectors. Data collected included
information on the characteristics of kenaf plants,
the area of kenaf cultivation land, inputs of the
kenaf cultivation process, fertilizer and insecticide
content, types of fertilizers and pesticides, the
amount of kenaf fiber yield, and the distribution of
kenaf fiber from planting to collectors. Data is
processed using the LCA method with four main
steps [22]. The flow of this research is shown in
Fig. 1.

Goal and Scope Definition

The purpose of this study was to analyze the
environmental impact of the kenaf cultivation
process in Bonorowo Land, Laren, Lamongan.
Cultivation that is calculated starting from the
spread of seeds to kenaf fiber is distributed to
collectors. The functional unit is 1 kg of kenaf
fiber.

Reference Collection Phase
The concept of kenaf plantations in
Indonesia and Bonorowo Land in Laren,
Lamongan

\

Data Collection Stage
Secondary data: Data obtained through
discussions with the head of the farmer

group related to the life cycle data of kenaf
plants in the Bonorowo Land, Laren to the
collectors (input of the kenaf cultivation
process, the levels and types of fertilizers
and insecticides, the amount of crops, trucks
and fuel oil in the kenaf delivery process
from rice fields to collectors)

\

Data Processing Stage
Analysis of the kenaf cultivation process on
environmental impacts using LCA
-Goal & scope definition
-Life Cycle Inventory
-Life Cycle Impact Assessment
-Interpretation

v

Analysis Phase
Analysis of kenaf cultivation process data

that has been processed using LCA

v

Conclusions & Suggestions
Draw a conclusion

Fig. 1. Research flow

Inventory Analysis

At this stage, all resource and waste consumption
data are collected in the kenaf aquaculture process.
Data collection is based on direct observation in
the field and through interviews with the head of
the farmer.

Impact Assessment

Impact assessment consists of the characterization
and normalization stages. At the characterization
stage, there are fourteen impact categories to be
analyzed. The fifteen impacts are part of the
2002+ Impact method. The characterization index
is calculated through the coefficients of each
pollutant in the impact category. To get the
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normalization index in the impact category
calculated by dividing the value of the
characterization of the impact category by the
normalization factor in the impact category [15].

Interpretation

From the results of data processing on
environmental aspects using the LCA method, the
most  significant  environmental impact
information will be obtained from kenaf
cultivation in Bonorowo Land, Laren, Lamongan.

RESULTS AND DISCUSSION

99% of kenaf has planted in Indonesia in Laren
village, Lamongan. The planting period for kenaf
is six months, starting from September to
February. Every year the planting area is between
1,000-2,000 hectares. However, for planting in
September 2018 until February 2019, only 676.5
hectares of land were used. The kenaf cultivation
process consists of sowing, fertilizing, caring,
harvesting, soaking and absorbing, and
transporting.

The process of planting kenaf on Bonorowo Land,
Laren, is different from the planting of most estate
crops. Kenaf cultivation is seasonal. During not
planting, kenaf farmers use Bonorowo Land to
grow rice. The initial stage of sowing kenaf seeds,
seedlings spread for 7 to 10 days before the rice
harvest period. Kenaf seeds are allowed to grow
wild. During the growth process, kenaf plants
must be fertilized and sprayed with insecticides.
The fertilizer used is urea fertilizer, 321,000 kg
during the cultivation period. Spraying pesticides
is part of the treatment. The poison is sprayed on
kenaf leaves and stems. The insecticide used in
planting kenaf contains chlorpyrifos active
ingredients that function to disable and kill insect
pests, such as leaf caterpillars, armyworms, lice,
flies, and so forth. Chlorpyrifos is a non-systemic
organophosphate class of insecticides that works
when in contact with skin, is inedible, and is
inhaled [23]. During the kenaf planting period, a
pesticide used was 265 liters with chlorpyrifos
content of 200 g¢/l. The traditional planting
process, the distribution of seeds to harvest kenaf
fiber relies on human labor. Before harvesting
kenaf fiber, the fiber stem must be immersed in
water for 2 to 3 weeks. Soaking the kenaf stem
using rainwater and drying the kenaf fiber

utilizing the sun's heat. Delivery of kenaf fibers to
collectors using trucks with a distance of 27 km.

All data were obtained from information from the
Head of Kenaf Cultivation. Furthermore, the data
is processed by the LCA method. SimaPro 9
software is a tool in processing LCA data. When
data is processed using SimaPro 9, all data entered
in the Life Cycle Inventory cycle. Input data until
the results of crop cultivation are written in Table
1. The data in Table 1 are processed with the
stages of characterization and normalization
following environmental considerations arising
from kenaf cultivation.

Table 1. The input and output data of kenaf
cultivation for 6 months

Product Kenaf fiber 1,000
output tons
Urea 321.8 ton
Chemical .
i Pesticides
input (organophosphates) 53 K0
Groundwater 6,3765,000
Material input
Kenaf seed 12.177
tons
27.000
Transportation Truck ke
Solar 1.700 kg

The value of the environmental impact comes
from the characterization impact assessment,
normalization impact assessment, and network
assessment. The relationship of each material use
process that results in environmental impacts can
be seen from the network. On a system, two-color
lines symbolize specific meanings. The red lines
show that the process influences the ecological
impact. Green lines indicate that the process does
not affect ecological impacts. The network picture
of the kenaf aquaculture environmental impact is
presented in Fig. 2. The network results illustrate
that the two factors are red-striped, which means
that the kenaf aquaculture activity, especially the
use of its material, affects the environment. The
use of urea fertilizer has the most significant
environmental impact, and this can be seen from
the thickest red line. The fertilizer composition
that contributes to the most significant influence is
the chemical ammonia. The use of fertilizer cannot
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Fig. 2. Kenaf cultivation network

plantation activities. The problem in developing
kenaf in Indonesia is the level of competition with
other commodities to obtain fertile land so that
kenaf is directed to less potential land. This makes
kenaf farmers must use urea in maintaining and
increasing the yield of kenaf fiber. The use of
transportation for shipping to the collecting area
has a second environmental impact.

The next step is to determine the environmental

impact of each use of materials and chemicals.

The category of each environmental impact

follows the Impact 2002+ method. The 2002+

Impact method consists of fifteen impact

categories. The fifteen impact categories are

grouped into four groups, namely:

1. Resources: non-renewable energy, mineral
extraction.

2. Climate change: global warming.

3. Ecosystem quality: aquatic ecotoxicity,
terrestrial ecotoxicity, aquatic acidification,
aquatic eutrophication, terrestrial acid/nutri,

land occupation.

4. Human health: carcinogens, respiratory
inorganics, respiratory organics ionizing
radiation, ozone layer depletion, non-

carcinogens.

The acquisition value of the fifteen impact
categories is presented in Table 2. From 1 kg of
kenaf fiber harvested, the most significant
environmental impact caused was in the aquatic
ecotoxicity category, amounting to 42.1 kg TEG
water. The high value of aquatic ecotoxicity is due
to the use of urea. The aluminum content of urea
pollutes the soil, air, and water. The lowest
environmental impact category is the ozone layer
depletion, 1.72E-7 kg CFC-11 eq.

The next calculation is the normalization stage.
This stage aims to facilitate the comparison
between impact categories and show the
contribution  of  impact  categories to
environmental problems in an area. Impact
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category values use the same unit. Normalization
results are presented in Table 3.

Table 2. Impact characterization for 1 kg of

kenaf fiber
Impact category Unit Total
Carcinogens kg C2H3Cl eq 0.0146
Non-carcinogens kg C2H3Cl eq 0.00951 |,
Respiratory kgPM25eq  0.000948
inorganics
lonizing radiation Bq C-14 eq 11.8
Ozone layer
depletion kg CFC-11¢eq 1.72E-7
Respiratory kgC2H4eq  0.000306
organics
Aquatl_c . kg TEG water 42.1
ecotoxicity
Terrestrial kg TEG soil 134 ©C
ecotoxicity
Terrestrial
acid/nutri kg SO2 eq 0.027
Land occupation M2org.arable 0.0192
Aquatic
acidification kgSO2eq  0.00471
Aguatic .
eutrophication kg PO4 P-lim 5.14E-5
Global warming kg CO2 eq 1,1
Non-renewable MJ primary 233 d.
energy
Mineral MJ surplus 0.0244
extraction

Normalization calculation results for each group
of impact categories are as follows:

a. Resources (non-renewable energy dan mineral

extraction)

The resource impact category has the highest
environmental impact value of 0.000153. The
environmental impact is due to the use of urea
fertilizer during the kenaf cultivation period.
This is because the process of making urea
fertilizer requires quite large electrical energy.
Using electricity is the same as using natural
gas and fossil fuels, non-renewable energy.
Climate change (global warming)

The second-largest category of impact is
climate change of 0.000111. Climate change is
the second-highest recipient of the effects
because the value of global warming is quite
high. The use of urea fertilizer is a contributor
to global warming. In the process, urea
fertilizer produces carbon dioxide, methane,
and carbon monoxide. These compounds are
contributors to global warming.

Human health (carcinogens, respiratory
inorganics, ionizing radiation, ozone layer
depletion, non-carcinogens)

The third-largest category of impact is human
health by 0.000103. The use of urea fertilizer is
the most significant contributor to human
health impacts. This is because the urea particle
factor is quite small (<2.5 pum). The urea
content of nitrogen oxides, ammonia, and
sulfur dioxide also causes health problems.
Ecosystem quality (aquatic ecotoxicity,
terrestrial ecotoxicity, aquatic acidification,
aquatic eutrophication, terrestrial acid/nutri,
land occupation)

The category of ecosystem quality impacts is
the lowest impact of kenaf aquaculture
activities, amounting to 1.15E-5. Even though
the value is the most economical, kenaf
cultivation activities still have an effect on the
quality of the ecosystem.

Table 3. The impact of normalization categories in kenaf cultivation

Impact Total Cotton seed Urea Organophosphate  Truck Diesel
category
Human health 1.03E-4 1.17 E-6 9.61E-5 3.74E-8 6 E-6 1.34 E-7
Ecosystem 1.15E-5 1.31E-6 9.34E-6 592 E-9 78E-7  3.32E-8
quality
Clinmate 111E-4  348E-7 1.05E-4 3.99 E-8 52E-6  8.18E-8
change
Resources 153 E-4 3.13 E-7 1.46E-4 7.48 E-8 5.9 E-6 6.1 E-7
94 d http://dx.doi.org/10.30656/jsmi.v3i2.1549 Irawati, and Wulandari
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The results of characterization and normalization
output show that overall kenaf cultivation has an
impact on the environment. The most significant
environmental impact is caused by the use of urea
fertilizer (1.46 E-4). The type of soil in kenaf
cultivation is sandy loam. Fertilization for kenaf
cultivation adheres to a balanced fertilization
system, namely the provision of nutrients adjusted
to the needs of plants and the level of soil fertility.
The N and P elements, especially the N elements
in kenaf planting land, are still lacking. Kenaf
plants are in dire need of N-fertilization because
what is harvested is the stem [24]. One effort to
improve soil fertility, especially adding element N
in cultivated land, is to add urea fertilizer. Seeing
the adverse effects of using urea fertilizer, we need
a way to reduce the use of urea fertilizer. One way
is to use organic fertilizer. Some studies suggest
that organic fertilizer affects soil fertility,
especially in kenaf cultivation. Organic fertilizers
can release slow nutrients, have a high adsorption
capacity, and reduce the activity of aluminum (Al)
so that it can increase the phosphate element (P)
[25], [26], and [27].

CONCLUSION

Based on the results of the analysis with LCA, the
most significant environmental impact of kenaf
cultivation in Bonorowo Land, Laren is aquatic
ecotoxicity (42.1 kg TEG water). The most
significant environmental impact group is
resources (1.53 E-4). The environmental impact is
caused by the use of urea (1.46 E-4). The process
of making urea requires considerable electrical
energy, and it affects the use of non-renewable
energy. The use of urea produces aluminum
elements that pollute the air, water, and soil. This
research is only on the analysis of environmental
impacts. This research can be continued with the
selection and application of improvements from
kenaf cultivation activities to reduce the
environmental impact caused.
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