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Environmental Impact *Corresponding Author Desrina Yusi Irawati E-mail:
desrina.yusi@gmail.com ABSTRACT 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. This is an open-access article under the
CC-BY-NC-SA license. © 2019 Some rights reserved INTRODUCTION
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 plantation in Indonesia is in the Lamongan area, covering an
area of 2,150 hectares. 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 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
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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 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
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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 Analysis Phase
Analysis of kenaf cultivation process data that has been processed using
LCA 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 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/I. 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
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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 output Kenaf fiber 1,000 tons Chemical input Urea Pesticides
(organophosphates) 321.8 ton 53 kg Groundwater 6,765,000 Material
input m3 Kenaf seed 12.177 tons Transportation Truck Solar 27.000 tkm
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 be separated from 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: nhon-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 category
values use the same unit. Normalization The resource impact category has
the highest results are presented in Table 3. environmental impact value of
0.000153. The Table 2. Impact characterization for 1 kg of environmental
impact is due to the use of urea kenaf fiber fertilizer during the kenaf
cultivation period. This is because the process of making urea Impact
category Unit Total fertilizer requires quite large electrical energy.
Carcinogens kg C2H3CI eq 0.0146 Using electricity is the same as using
natural Non-carcinogens kg C2H3Cl eq 0.00951 gas and fossil fuels, non-
renewable energy. Respiratory b. Climate change (global warming)
inorganics kg PM2.5eq 0.000948 The second-largest category of impact is
Ionizing radiation Bq C-14 eq 11.8 climate change of 0.000111. Climate
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change is Ozone layer the second-highest recipient of the effects depletion
kg CFC-11 eq 1.72E-7 because the value of global warming is quite
Respiratory high. The use of urea fertilizer is a contributor organics kg
C2H4 eq 0.000306 to global warming. In the process, urea Aquatic
fertilizer produces carbon dioxide, methane, ecotoxicity kg TEG water 42.1
and carbon monoxide. These compounds are Terrestrial contributors to
global warming. ecotoxicity kg TEG soil 13.4 c. Human health
(carcinogens, respiratory Terrestrial inorganics, ionizing radiation, ozone
layer acid/nutri kg SO2 eq 0.027 depletion, non-carcinogens) The third-
largest category of impact is human Land occupation M2org.arable 0.0192
health by 0.000103. The use of urea fertilizer is Aquatic kg SO2 eq
0.00471 the most significant contributor to human acidification health
impacts. This is because the urea particle Aquatic kg PO4 P-lim 5.14E-5
factor is quite small (<2.5 pm). The urea eutrophication content of
nitrogen oxides, ammonia, and Global warming kg CO2 eq 1,1 sulfur
dioxide also causes health problems. Non-renewable MJ primary 23.3 d.
Ecosystem quality (aquatic ecotoxicity, energy terrestrial ecotoxicity,
aquatic acidification, Mineral MJ surplus 0.0244 aquatic eutrophication,
terrestrial acid/nutri, extraction land occupation) The category of
ecosystem quality impacts is Normalization calculation results for each
group the lowest impact of kenaf aquaculture of impact categories are as
follows: activities, amounting to 1.15E-5. Even though a. Resources (non-
renewable energy dan mineral the value is the most economical, kenaf
extraction) cultivation activities still have an effect on the quality of the
ecosystem. Table 3. The impact of normalization categories in kenaf
cultivation Impact category Total Cotton seed Urea Organophosphate Truck
Diesel Human health Ecosystem quality Clinmate change Resources 1.03
E-4 1.17 E-6 9.61E-5 3.74 E-8 6 E-6 1.15 E-5 1.31 E-6 9.34E-6 5.92 E-9
7.8E-71.11 E-4 3.48 E-7 1.05E-4 3.99 E-8 5.2 E-6 1.53 E-4 3.13 E-7
1.46E-4 7.48 E-8 5.9 E-6 1.34 E-7 3.32 E-8 8.18 E-8 6.1 E-7 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. REFERENCES [1] S. Wibowo, “Budidaya
Kenaf,” in Lembar Informasi Pertanian, Loka Pengkajian Teknologi
Pertanian Samarinda, Departemen Pertanian, 2000, available at:
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ARTICLE TNFORMATION ABSTRACT

The largest kenaf coliure in Indonssia is in Lacen, Lamoagan Benaf
plants are switshle §o be planted in the Banorows field. The les
potcntil land condithons make the cultivation of kenaf plams nais
pse chemicals, The use of chemicals has the potential o hamm the

environment, The  spproach 1o idenfifying  and  apalyeing
cavironmental impacts §s the Life Cwcle Assessment {LCA) LCA is

Retesvead: Rily 3, 20 1%
Reviseid Movember 19, 3010
Accepied Moveinbs 25, MilY

Kapwl ane method to find out the life cycle of 2gri LA stages ure
Remad Calitaiion Goal and Scope Definition, Life Cyele Invemory, Life Cyele Impact
L o Awesmmmiere (L0 ) Assessment, und Infenaetabion. Envirormental impact messuremen

Eninmenental I is hused on Afzen categories. groaped indo four categomies, LOA
processing pesults ehow the use of uren Fertilizer has the s
significant negative impact on the envirorment, The biggest impact
category cue oothe use of urea femilizer iz aguatic cootoxicity, The
uise of wea fenilizer affects the ivpes of resoorces, climase change,
ecomysiem quality, and haman health. O the four grovups, which have
the hipghes walue, ore the resource proup. The use of wea femilizer
hus the most significond mole in the ssccess of kenad cultivation
because kenal cultivation requires more N elements 1o imgrove the
qqueality of kenaf stenm. The use of organie femilizer can be an option
o reduce the use of urea fertilizer.

Thisis: s ; T T
T T is im0 pen oo ke under the OO -8 -NC-5 4 Boens

Do Vsl liswats
E-munil: desz o v ® prviod coim

201 S rmghis feaerved

INTRODMACTION plartation m Indonesia @8 9 the Lamongan avea.
covering an area of 2,050 hecranes.

Biodmversity, vast lond, and tropical climide mitke

Iz sia bas a great potential to inprove aspects
ol agrculture or plantations compared to other
countries. One of the plamation peosdacts that ae
the muinstay of several regions in Indonesin §s
kenaf plantation. kewaf (Hibiscus cannabinus L)
15 a quality plant that produces Gber for industries
with high economic value, Bu on mfommation
from furm Bonorowo Land, the largest kenaf

The steps of the kenal cultivation process ane
Planting, maintaiming, and horvesting, Flanting 15
disne by spreading kenafl seeds intercropped with
mauize or nee plant, Muontenonoe consists of
ferilidng, thinning. abd pest control. Harvesting
i5 done if 50 % of the kenal plans flowering.
Harvesting i= done by cutting the base of the stem
Just abwovaz the soil suface. Afer the kenaf sten is
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cut, the stem is immersed for 14-200 days. The
soaked atem is then made fiboosus (o separate the
skin from the kenaf stem, Washed kenaf fibers are
placed on a para-para 10 dey in the sun [1]. Para-
para is o bomboo rack wsed for stormg goods,

{me of the ohstacles fuced for developing kenaf
cormmodities is low productivity at the farm bevel.
Based on information from the ooondinator of the
turmer group in Bonorowe Land, Mr, Wikurlan,
the average kenaf wield in 2008 was | A4ATH

ionstheciares, To break even, il reguires
productivity of 2 wndhectare [2]. The owain
fucdor:  cawsmg  low  productivity n kenal

agriculture are (he ovailobiliy of nutriems in the
apil, and pess, Boneaowo Land genceally has
nuiriemts phout modest M-total, ke P low K, and
pH 4-4.2. Thus the Bonorowo Land has bess o
moderaie  fertility, =0 @ bolunced  ferilizer
apphicutiom is peasded |3]. The use of fertilizers
adversely affects the survival cyche [41 [5]. [6].
and |7]. Agriculture is also imsepamble from the
use of insecticides to reduce the number of pests.
However, excessive use of pesticides cun also
cause environmental problems around it

Environmental probems. ansing  from kenal
cultivation activities need to be idemtified so that
@rther cormective steps can be faken. One
appreach o0 idestifying amd  analyzing
environmentol  impaciz @5 the  Life Cwcle
Assegsment (LCA) LCA 05 one method for
investigiting the ceological impact of a production
system throughout its life cvele [8], The strength
of LA B that it provides a complete picture of
products, processes, and services. LOA covers the
production amd consumption of resources such as
enerey of cuthon emissions wherever the process
is bocated . Semall changes that bring emvironental
bepefits can create more carbon emissions. LOA
ciun evaluide any changes m the production
timmeline. The disadvantage of using the LCA
methaod is that the data mequired is specific and
needs a pood mventory of data so that the pooling
of data takes time and costs, the LOCA process
conned determing the best or most cost-glfective
product o process [9).

LCA has been implemented to determine and
munage  environmentul  mnpects  in o vanons
producten sectors such a5 industry, energy, and
agriculture, LOA mesearch on the plantotion world
has been corned out in several countries, LOCA b5

used io discuss the environmental wmpact of
peanut Farming in Cuikan, Iean. The study assessed
si% impact categones, The highest ecological
impact is the depletion of fossil resounces [ 10]. In
South Chini, research hos been conducted on the
effects of integrated aquaculiuve farming using the
LC A method, In his reseorch mesulis showed that
the majonty of the total global warming sys<tem
{97%) was assocised with the use of methane
from tertilized land [11]

Rezeurch relmesd o the environmental impact on
the agricubtural sector in lrag from 2007 © 20104
was camied ool wsimg the LOA method, The
cillculmed impect catepories are global warming
impacts, potendial acidification, -and femestrial
cutrophication. The result = that from 20004 to
AT, the adwverse effects  of  leresirial
cutrophicotion has  the  most  considerable
influence an the envirenment | 12]. Environmental
impact analyais with LCA was also carmied out for
the aprosystem model  planting system.
Envimnmental impacts considersd are increasing
cpetgy  use, global  wamming, evirophication
potential . and acidification [ 13 ). In 20001% there will
be LOA research on cucumber and tomata farming
i open fields and greenhouses, The results shoow
that of the overall inpact, greenhonse cocumber
turming is more environmentadly frendly than
arpenhouse wmate farming, The most significant
contribuion b the impact category 1s caused by
the use of electricity and femilizer | 14]. Previoos
stuches dhscuss rice farming in Irans In hes
resegirch, the focus of the analysis is the impact of
the we of fertilizers for several types of rice grown
uzing LA, The impact categories b be analveed
are global  wamming, - ackdifecation, femestrial
cutrophicution, depletion of fossil, phosphate, and
passiurm fesoaroes | 15].

5o tur, resenrch on kenal has only been limited to
a few wopics, mainly only abowt the use and
benetits of kenaf fiber. Previows studies reluted to
LCA and kenaf are research on the benefits and
sacrifices of implementing bio-based  muteriols
{kenot fiber) in the field of antomadive componesnt
production and  environmental Impact  analysis
from the use of kenaf core m struchural insulation
patiels [16], [17]. Based on the resulis of the
summries of 2004 to 2019 relsied to the use of
LA in agriculture, there are no stodies on LOCA
im  kepof  cultivetion  [18]. Reseurch  on
environmentul wspects of kenaf agriculture has

—
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been camied out m Bangladesh and Portugal. [n
that study, the most significant envimonmental
impact of kenof agricultuce in Banglodesh was the
cffects of global warming, nutrition, huaman
toicity, und chemical oxygen poliubon, The
ecological implications of kenal agriculture in
Portugal is the emission of seidification | 19], [20],
Each region  and  svstem  of  agricultural
imphermentation will produce different nesults.

This study discusses the environmental iopacts of
kenat cultivation i Bonorowo Land, Liren,
Lamongan by using the LCA method. The focas
of thiz research is to consider fiflcen ecological
impact categorios. The fifteen types of impacts are
nod-renewable energy. mineral extraction. ghobal
warming.,  wguabie  ecotoxeciby,  temestrial
coodnnicity.  aquatc  acidification.  agquatic
eutrophicution, ferresirinl  scidmuirient=,  land
GCCUpEtion, CUTCinOEENs, ESpIratery  mOoTRinics.
fespiralony  organics, onhizmg  rdiation. oo
laver depletion, noo-carcinogens [21],

RESEARCH METHODS

Thizs research wses secondary data. Oraeroll, dida
Imom kenafl cultveation wios obtained from the
farming business group. All data are collected
from September 2008 to Pebroury 2009, according
o the age of kenaf culivation. They are staning
from the distribution of seeds to kenof fiber
delivery 1o collectors. Data eollected  included
information on the characteristics of kepot plunts,
the arei of kenod cuftivation Timd, mpats of the
kiznaf cultivation process, fentilier and insecticide
content, types of fertihizers md pestcwdes, the
ansunt of kenaf fiber vield. and the distribation of
kenat fiber from planting to oollectors, Dot s
processed vsing the LOCA method with foar oain
stepa [22]. The flow of this research & shown in
Fig. 1.

Gowl and Scope Definitisn

The purpose of this study was tooanalyze the
environmentil impact of the kenal cultivation
process: in Boporowo Land, Laren, Lomongan,
Cultivation that s cabculared staning from the
spreagd of seads to kenaf fiber iz distributesd e
collectors. The functional unit 5 1 kg of kenaf
Iber,

The concept of kenaf plantatioms in
Inchemesaa and Bonmarswn Land in Laren,
Lamomgan

W
3
Secondary datn: Do obtained shrough
dizcussiomns with the head of the farmer
grop related fis e life cyvele dota of kenaf
panis in the Bonarown Lanid, Lagen fo the
collectors Cinput of the kenaf coltivation
proscess, the levels and types of fertilizers
unel insecticides, the amiand of crops, rocks
anid fuel ol in the kenaf defivery process

froumn rice Oelds o collectors)y

¥

Amalyeis of the kenaf cultivation process on
:ll.l.'immn:ml;.rrq:uuhi using LA
-Gl & scape definition
-Life Cyele Inventory
“Life Cycle Impact Assessmend
~Inderpredntion

P ’

Amalysas of kenaf cultivation provess: dula
thint leas been processad asing LOA

b

Conclusions & Sugpeslions

Drraw & conclusion

Fig. 1. Reseanch flow

Invenfory Analyss

At this stage, nll resonree angd woste consumption
data are collected i the kenaf agquaculiune process,
Data colbection is based on divect obsenation in
the freld and through interviews with the head of
the farmer.

Tvpenct Assessinent

[mpaict assessment consists of the chamciermzation
and nocmalizabion stages. At the characterization
stage, there are fourtesn impact categones o e
analyzed. The Nfcen impacts are part of the
Q2+ Impact method. The chamcberization indea
is caboulated throagh the coefficents of each
pollutant in the impact category. To get the
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morrsalization  index m the impas  categody
calculmed by dividing  the valwe of the
chumcterization of the impact category by the
newrrsalization Factor i the impact caegory [13].

Interpretation

From  the results of data  prooessing  on
environmental aspects using the LOA method, the
muost  signficant environmentul impact
inforrmacion will be  obtaimed  from kenal
cultivition in Bonorowo Land, Laren, Lamongan

RESULTS AND DNSCLUSSION

Y of benafl has planted i Indonesia in Laren
village, Lumongan. The planting period for kenot
is sin menths, saming fom Sepiember o
Februury, Every weor the planting area is between
1 000-2 (i hectanes, However, for planting in
Seprember 2008 untl February 2009, oaly 6765
hectares of lond were used, The kenal cultivation
process consists of soweng, fertilizing, caring,
harvesting, soakmg ond  absorbing,  and
TFARS PO,

The process of planting kenal on Bononowoe Lund,
Laren, is differet from the plinting of most estate
crops. Renul culbivation s sepsonal, During not
planting, kenaf farmers use Bonorowoe Land o
grow rice, The initial stoge of sowing kenaf seeds,
seedlings spread for 7 w 10 days before the nee
harvest period. Kenaf seeds are allowed to grow
wild, During the growth process, kemaf plants
st be fertilized and sprayed with msecticides.
The fertilizer vsed 15 urea fertilizer, 321 000 kg
during the cultivation pericd. Spraving pesticides
i purt of the treatment. The poison is sprayed on
kenafl lesves and stems. The insecticide wed in
plaming  kenaf contains  chlorpyifos  active
ingredients that function to disable and kill insect
prests. such o beal catenpiliars, acmyworms, Lice,
ims, and so forth., Chlorpymilos is a pon-sysiemic
prganophosphate class of insecticides that works
when in comtact with skin, 15 medible, and 1=
inhaled [23], During the kenaf plonting period. 5
posticide used was 265 lners wigh chloopyrifos
content of AW g, The trchtional planting
process the distribution of seeds w harvest kenaf
fiber relies on human labor. Before harvesting
kenaf fiker, the fiber stem nwst be immersed o
water bor 2 40 5 weeks, Boaking the kenal stem
wsing mwinwaer and drving the kenof fiber

utilizing the sun's eat . Delivery of kenaf fibers to
collectors using trucks with a distance oF 27 k.

Al data were obtained froe information from the
Head of Kenut Cultivistion. Furthermere, the dada
is processed by the LCA method. SimaPro 9
software i a tool in processing LOCA data, When
data is processed using SimalPro @, all data entered
in the Life Cycle Tnventory cvele. Input data unail
the resuls of crop cultivation are wrtten m Tahle
I. The data in Table | are processed with the
stages  of chumclerizotion and  normabization
following environmental considerations  arising
from kemaf cultvation,

Tahte 1. The input and output data of kenaf
cultivation for 6 mopths

Product 1000
oniput Kenaf fiber s
Llvea 321 .8 100
'mm::"mi Pesticides %
o {organcphos phates) kg
Groundwater ::1'?5'-"1[“'
Melaterial inpud B
Kenaf seed L.
tons
27000
Transponation Truck PP
Solar |700ke

The value of the epvironmentol impact comes
from the characterization impact assessment.
normalization impact assesamend, and network
assessment. The relationship of cach material vse
process that results in environmental Bmpacts can
e seen from the network, On o system, bavo-golor
lings symbolize specific meanings. The red limes
shoow thot the process influences the ecological
impact, Green fines indicote that the process does
nod affect ecological impscts. The network pictune
of the kenaf squaculture environmental impact is
presented in Fig. 2. The petwork resulis Blustean:
tha the bwo factors pre med-stiped, which means
that the kenal nquaculiure activity, especiallyfhe
use of its muterial, affects the environment. The
use of wren fertilizer has the meost significant
covironmental ipact. and this can be seen from
the theckest red line. The fertilizer composition
that contribuies to the st significant influence is
the chemical ammonia, The use of terihzer cunnot

—
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Fig. 2. Kenaf cultivation network
plamation activities. The probiem i developing lund oecapation,
kenat im Indonesin is the bevel of competition with 4, Human  health:  carcinogens,  mespiratory
other commodities to obtain fentile land so that InoEEankcs,  respiratory organics  lonizing
kenul is directed to less potential land. This mokes rudintion, oone  Bayer  depletion,  non-

kenaf farmers must use ured in meEnntning and
mcreasing the vielkl of kenal fiber, The use of
imnsportation for shipping o the collecting area
has a second environmenial inpact

The pext atep i 10 determine the envimonmeantal

impagt of cuch use of materials ond chemiculs.

The category of each environimental lmpact

follows the Impact 2002+ method, The 2124

Impact method  conzists of  fifteen  impact

categorizs. The fifteen impac categonies are

grovped indo four groups, namely;

1. Resparces: non-renewable  energy, muneral
exiraciion,

2. Climate chamge:! global warming.

3. Boosystem  gualiy  agquatic eootoxicity.
terresirial | ecobexicity, agquatic  acidification,
aquathe ewtrdpdication. tervestiial ackd nutri.

CICINOZENs.

The acquisdion value of the fifteen 1mpost
catepories is presenied in Table 2. From [ kg of
kenaf fiber  horvested, the most  significant
covironmental impact caused was in the agquatic
croloxcity category, amounting 0 42,0 kg TEG
water. The high value of aguatic ecsloxicity is due
i the use of urea. The aluminum content of urea
perlhates the sofl, wr, and water. The lowest
covironmental impact category is the oeene baver
depletion, |.72E-7 kg CFC-11 eq.

The next culeulation is the normalization dage,
This stage alms to facilitate the comparison
between  mpact  camepories  ad | show  the
contmibution  of  impagt categories o
covironmental  problems mooan area. lmpact

Irawati. and 'Wuolandari

{;&wﬁﬁﬁn].nm‘lﬂ.‘ﬂﬁiﬁ!jmﬂ-u!iljm a3




Jurmal Sisem dan Munajermen Industi ¥Wal 3 Na 2 December 2019, 8957

category values use the same wunit. Noratization
resuls ane presented in Table 3,

Tubde 2. Impact chamcterization for | kg of

kemal fiber
Impuct category L mil Total
Carcinngens kg C2HICI g LIHIE 2]
Non-carcinogens ke C2HAICH eq DEA1
Heprramey kg PM2Seq 000848
inorganics
lomizing mdiation By C-14 2q 114
Oreone lnyer e :
depletion kg CFC-11eq 1. 7IE-T
Respraby ke C2Hdeg 0000306
Grganics
Aguaiac kg TEG water 421
Goodnnici by
Terrestrial .
]

kbt kg TEG soil 134
Terrestrial

5 3
acidinum kg 02 g Bh.
Land oocupmtion MZorg arable ks
Mpuatic :
acidification kg 502 eq e atadil
o A kg PO4 Plim  5.014E-5
cutrophscation
Celobal wurming ki C02 ey 1.
Mon-renewible i
energy M primary 233
Mineral s
ey, Pfel) =urplus 144

b.

e

Mormalization coloulmion results for each group
of impact calegories are us follows;

The fesource impact category has the highest
environmental mpact vife of 0,.000153. The
environmental impoct is due o the we of urea
Tertilizer during the kenaf cultivation period.
This is becouse the process of moking urea
fertilizer requires guite large elacoical cnergy.
Uzsing electricidy s the sume s usimg noharal
o and fossil Fuels, non-renewable energy.
Climate change (global warming)

The second-farpest codegory  of impoct s
climite change of DMK 11 Clinare change is
the secomd-highest recipient of the effects
becanse the value of global waming is quite
high. The use of ures fertilizer is a contnbuter
1o global warming. In the pmocess. urea
fertilizes produces carbon dioxide, methane,
and carbon mamaxide, These compounds ane
contrEbuters o global warming.

Humin  health  {carcinogens,  respiratory
norganics, ioniging radiation, oone  lover
diephation., non-carcinogens |

The third-kargest cotegory of impact s human
health by OO R03 . The use of urea fertilizer is
the most significont copiributor 0 buman
health impacts. This is becavse the urea pamticle
foctor s quite small (<25 pmi. The urea
content of nitrogen oxides, ammonis, and
silfur dioxide also canses health problems.
Beosvetern gquality  (aguatic ecotoxicey,
ferrestrial ecosiciy, aquatie acidification,
aquatic cutrophication, terrestniol poidmutr,
laniel oecupatist)

The catepory of ecosystem quality impacts is
the  Jowest mpact of kenol  aguoculiore
activities. amounting to 1L15E-5, Even though

: the walue 1z the most ecopomical, kenof
& Rm':“ inon-renewable energy dan mineral culiivation activities still have an effect on the
exirwction} gpuality of the ecosystem.
Table 3. The impact of normsalization categornies in keraf cultivation
c::;u:’ Tariul Codton seed Urew Organophosphate Trock Dzl
Humin health 1003 E4 11T E-A GAIE-5 374 B8 & E-6 134 E-T
ot s LISES  131E6  9ME6 592 E-4 TRE-7  332ES8
quality
s LITE4  348E7T | (15E4 390 4 5266 RIBES
chonge
153 EA F I3 E-T 5.8 A

Resoumces

| ARE-4

TAR E-H o0 E-7

—~
ad & hppuids.dobocg 10 30656smi v3i2. 1540
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The resulis of characterization and normakization
output show that overall kenaf cultivation hos an
impact on the envirommsent. The most significant
environmentil impact s ciused by the use of urea
femilizer {146 BE-d). The tvpe of sobl in kenal
cultivation i= sindy loam, Fedilzation for kenal
cultivation adberes o a balanced fertilization
syatem, namely the provision of nuireots adjusted
v the needs of plants and the level of saal fertilidy
The N and Pefements, especially the N elements
in kenaf planting band, are =till kacking. Kenoft
plants are in dive peed of M-fertilization because
what is harvested is the stem [24]. One effort to
improve soll fertility, especially adding element &
in cultivated fand, is oo add urea fenilizer, Secing
the adverse effects of using urea fertilizer, we nesd
away to paduce the use of urca Fertilizer. One way
i 10 use organic ferilizer. Some studies sugpest
that  orginic  fertilizer  offects soil  fernility,
capecially in kenaf cultivaton, Organic fertilizers
cun relense slow nutrients, hove a hagh adsorption
capacity. and reduce the activity of aburminam (Al
=g that -t con merense the phosphade element (P)
|25], [ 26]. and [27].

CONCLUSION

Bazed on the results of the analyss with LCA, the
mnost significant environmental impact of kenaf
cultivition in Bonorowo Land, Laren is aguatic
cootnnicity {421 kg TEG water). The most
significant  envirenmentul  fmpast  groap s
resources (153 B The envionmental mmpact is
cansed by e vse of wrea {146 E-4), The process
of making wmen mequires consideruble electrical
energy. and it affects the wse of non-repewable
energy, The wse of wrea produces  aluminam
clemedts that pollute the air, water, and soil. This
resgarch is only on e analysis of environmental
impacts, This research can be continued with the
sebection and application of improvements from
kenal  cultivation  activities o meduce  the
environmental impact cased.
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