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ABSTRACT

Chicken meat agroindustry is one of the industries that contribute to environmental impacts.
The environmental impacts are due to the use of resources, energy, and waste along the chicken meat
chain. This study aimed to evaluate the environmental impacts along the life cycle of the chicken
meat chain from cradle-to-grave using a life cycle assessment (LCA) approach. The data inventory
consisted of inputs and outputs from five sub-systems: feed production, broiler production on the
farm, carcass production at the slaughterhouse, supplier distribution, and consumer use. The
impact categories included global warming, acidification, and eutrophication. The process of
impact calculation used the CML-IA (Centre of Environmental Science of Leiden University Impact
Assessment) baseline method on the SimaPro software. The results showed that consuming 1
kg of fried chicken resulted in a global warming impact of 5.86 kg CO, eq, acidification of 38.3 g
SO, eq, and eutrophication of 24.1 g PO eq. Feed production, litter, and energy usage were the
most significant contributors to the environmental impacts. Improvement scenarios in reducing
environmental impacts included reducing crude protein in feed, composting litter, installing
inverters on refrigeration compressors, and electrical energy efficiency. The present study indicated
the importance of environmental impact assessment on the entire chicken meat chain to improve
environmental performance in the Indonesian chicken agroindustry.
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INTRODUCTION

The poultry industry in Indonesia has grown rap-
idly. The contribution of poultry meat production to the
total national meat production reaches 62.56%. Broiler
chicken contributes to 84% of the poultry population in
Indonesia (BPS, 2019). High productivity and relatively
short maintenance time have caused the number of
broiler farms to grow rapidly. Broiler production in
2019 reached 3.49 million tons, an increase of 2.64%
from 2018 production. This figure is predicted to in-
crease as Indonesia’s population increases (BPS, 2019).
Developing the chicken meat industry provides sev-
eral benefits, including meeting domestic animal protein
needs, becoming a source of state revenue, providing
profit value for stakeholders, and opening job opportu-
nities for the community.

Developing the chicken meat agroindustry in
Indonesia provides benefits and has environmental
impacts (Nurhayati et al., 2016). The potential environ-
mental impacts are not only caused by the extraction
of raw materials in broiler chicken production (Suffian
et al., 2018) but also caused by carcass production, dis-
tribution, and product use (Skunca et al., 2018). Using
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resources, energy, and waste from chicken meat produc-
tion will cause global warming, acidification, and eutro-
phication (Silva et al., 2014). The global warming impact
on the environment includes rising sea levels, changing
plant conditions and habitats, affecting changes in com-
plex climate systems, and creating threats of natural di-
sasters such as tornadoes, floods, and landslides (IPCC,
2006). Feed production and energy use are the most sig-
nificant contributor to environmental impacts along the
chicken meat chain (Skunca et al., 2018). Improvement
should be made through impact calculations throughout
the product life cycle to improve environmental perfor-
mance in the chicken meat agroindustry. The impact cal-
culation is carried out using the LCA approach, which
can comprehensively evaluate each input and output of
the production system in quantitative impact categories.
The results of the impact calculation can be used as a ba-
sis for product improvement or optimization of produc-
tion processes, as well as for reducing environmental
impacts.

Environmental management methods include clean
production, eco-efficiency, and life cycle assessment.
Indrasti & Fauzi (2009) state that cleaner production
is an environmental management strategy that is
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preventive and integrated into processes, products,
and services to increase efficiency and reduce environ-
mental damage. Eco-efficiency is a strategy to reduce
environmental impacts and increase production value.
Meanwhile, a Life Cycle Assessment (LCA) is a method
for evaluating the potential environmental impacts
resulting from a product during its life cycle. The advan-
tage of LCA is comprehensive because it can analyze the
environmental impacts of a product in detail throughout
its life cycle (ISO, 2006).

Several studies have evaluated the environmental
impacts of the chicken industries with the LCA
approach (Leinonen et al, 2012; Silva et al, 2014;
Kalhor et al., 2016; Cesari et al., 2017; Pishgar-Komleh
et al., 2017; Lopez-Andrés et al, 2018; Lima et al.,
2019; Martinelli et al., 2020). Most of these studies are
still limited to the cradle-to-gate system boundary.
Meanwhile, a comprehensive assessment from cradle-
to-grave is still limited (Skunca et al., 2018). LCA
studies along the chicken meat chain with case studies
in Indonesia are also very limited, especially with the
cradle-to-grave perspective. There were two studies
evaluating the environmental impacts of the chicken
meat chain (Nurhayati et al., 2016; Azmi et al., 2021).
Azmi et al. (2021) developed the design of a life cycle
assessment system for broiler production based on the
Digital Business Ecosystem. Meanwhile, Nurhayati
et al. (2016) measured supply chain performance and
green added value by considering the environmental
aspects of the broiler chain. This research is still
limited to the cradle-to-gate perspective. Assessment
studies of environmental impact on the chicken meat
agroindustry in Indonesia need to be carried out more
comprehensively with the cradle-to-grave perspective.
Therefore, impact calculations can be carried out for
the entire chicken meat chain, which can identify
opportunities to improve environmental performance in
the chicken meat agroindustry.

The purpose of this study was to evaluate the
potential environmental impacts throughout the life
cycle of the chicken meat agroindustry with a cradle-
to-grave perspective, starting from the feed production,
broiler chicken production on the farm, carcass
production in the slaughterhouse, distribution by the
supplier, up to product use by the consumer. The results
of this study can assist in controlling emission sources
along the chicken meat chain so that the product’s
environmental performance can be improved. The
results of the LCA calculation can also be used as the
basis for a type III eco-label or Environmental Product
Declaration (EPD). The existence of eco-labels will
increase the competitiveness of products both in the
local and global markets.

MATERIALS AND METHODS

The Life Cycle Assessment (LCA) method is
based on the LCA principles and framework in ISO
14040:2006, which consists of four stages: setting goals
and scope, life cycle inventory analysis, life cycle impact
assessment, and life cycle interpretation (ISO, 2006).
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Goal and Scope Definition

This LCA study aimed to evaluate the environmen-
tal impacts throughout the life cycle of the chicken meat
agroindustry with a cradle-to-grave perspective. Scope
determination included determining system boundary,
functional unit, and environmental impact categories
(ISO, 2006). The system boundary in this study was
cradle-to-grave, starting from feed production, broiler
production, carcass production, and distribution-to-
consumer use (Figure 1). This research was an LCA
study with a case study in an integrated company in
Sukabumi, West Java, Indonesia. The market chain as-
sessed included the feed factory, modern chicken farm,
slaughterhouse, chicken meat supplier, and fast-food
restaurant. A modern chicken farm is a chicken farm
with a closed-house cage type. Cages with the closed
house type are closed cages that are guaranteed bio-
logical safety and have good ventilation arrangements.
The modern farm was chosen as the object of research
because the supply chain of a modern farm was clearer
than a traditional farm.

The system boundary was divided into five sub-
systems: feed production, chicken farm, slaughterhouse,
supplier, and consumer use. The feed production sub-
system included feed ingredients production and feed
processing. The feed production sub-system used sec-
ondary data from Ecoinvent 3 databases in the SimaPro
software. The chicken farm sub-system included day-
old chicks’ production, sterilization, rearing, harvesting,
and transportation. Day-old chicks’ production used
Agrifoot-print 5 databases in the SimaPro software.
The slaughterhouse sub-system included receiving live
chickens, stunning, slaughtering, draining blood, boil-
ing, removing feathers, removing offal, cutting heads
and legs, washing carcasses, packaging, chilling, freez-
ing, carcass storage, and transportation to a supplier.
The supplier sub-system included frozen storage, thaw-
ing, cutting, packaging, and transportation to the restau-
rant. The consumer uses sub-system included washing,
fried chicken production, consumption of fried chicken,
transportation, and final disposal of solid waste.

The impact calculation was based on the functional
unit. The functional unit describes the quantification of
the identified functions of the product as a reference in
linking the input and output of the production system
so that the results obtained can be compared (ISO, 2006).
The impact calculation uses a functional unit per 1 kg
of fried chicken consumed. The environmental impact
categories analyzed were Global Warming Potential
(GWP), Acidification Potential (AP), and Eutrophication
Potential (EP), as dominant environmental indicators in
the chicken meat chain (Skunca et al., 2018).

Allocation Method

Allocation is one of the crucial things in LCA stud-
ies, which is the distribution of input or output flows
from the production process to the product system
under study (ISO, 2006). In this study, the allocation
method used mass allocation as the calculation basis.
Broiler chicken production produced live chickens
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Figure 1. The cradle-to-grave system boundary in the chicken meat agroindustry
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ready for slaughter. In addition, broiler chicken produc-
tion also produced litter waste, which was sold to farm-
ers as fertilizer. In carcass production, the main product
was the chicken carcass. In addition to the main prod-
uct, carcass production also produced co-products in the
form of head, neck, liver, gizzard, intestine, heart, and
chicken feet. Therefore, the environmental burden of
carcass production in the slaughterhouse was allocated
to two outputs, such as chicken carcass (75.86%) and co-
products (24.14%).

Life Cycle Inventory Analysis

Inventory analysis included the process of collect-
ing data and calculating data. The inputs and outputs
from the five sub-systems were identified in the data
collection process. The data collected consisted of
primary and secondary data. Primary data, called
foreground data, were collected directly from broiler
chicken production, transportation, chicken carcass
production, distribution, production and consumption
of fried chicken. The data collected were in production
data for 12 months in 2019 for all sub-systems (feed
production, chicken farm, slaughterhouse, supplier,
and consumer use). Respondents in this study were
one integrated company (one chicken farm, one slaugh-
terhouse, and one chicken meat supplier) and one fast
food restaurant in Sukabumi, West Java, Indonesia. The
respondent was determined by purposive sampling in
integrated companies from chicken farms, slaughter-
houses, and chicken meat suppliers. The determination
of fast-food restaurants was based on the supplier mar-
ket chain. The fast-food restaurant assessed in this study
was the primary consumer of the chicken meat supplier.
Sukabumi was chosen as the research location because
it has high potential in developing the broiler farming
sector in West Java Province. West Java Province was
the most significant contributor (25.6%) of broiler pro-
duction compared to the other provinces in Indonesia.
Sukabumi was the fourth largest (7.33%) broiler produc-
tion in West Java Province (BPS, 2019).

Secondary data, also known as background data,
comes from Ecoinvent 3 and Agrifoot-print 5 databases
in SimaPro software. The databases used include the
production of fertilizers, pesticides, feed ingredients,
day-old chicks, electricity, diesel, LPG, natural gas,
cleaning agents, refrigerants, packaging materials, and
cooking oil. The identified data were quantitatively
calculated and validated using mass and energy bal-
ances to describe the flow of materials and energy. The
inventory analysis results in the form of a summary of
inventory data on the chicken meat agroindustry per
functional unit can be seen in Table 1.

Life Cycle Impact Assessment

Life cycle impact assessment aims to evaluate
potential environmental impacts based on the results
of inventory analysis (ISO, 2006). All inventory data
entered into the SimaPro software would automatically
calculate emission value throughout the product cycle.
Impact analysis used SimaPro software version 9.1.1.1
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Faculty with CML-IA (Centre of Environmental Science
of Leiden University Impact Assessment) baseline V3.06
method.

Life Cycle Interpretation

Interpretation of results is the final stage of LCA,
where the results obtained from inventory analysis and
environmental impact analysis will be considered simul-
taneously. The results of this interpretation can be in the
form of conclusions and recommendations for improv-
ing environmental impact reduction (ISO, 2006).

Based on the results of the LCA, it can be identi-
fied that there was room for improvement in reducing
environmental impacts. Identifying improvement op-
tions was carried out for all sub-systems, mainly in the
feed production and chicken farm sub-system. Several
improvement scenarios can be done, such as reduction
of crude protein in feed (scenario A), litter composting
(scenario B), installation of inverters on refrigeration
compressors in the slaughterhouse (scenario C), installa-
tion of inverters in supplier (scenario D), the efficiency
of electrical energy by the consumer (scenario E), and
applying scenarios A, B, C, D, and E (scenario F). The
impact of each improvement scenario was recalculated
using the SimaPro software. The impact analysis results
from the improvement scenarios were compared with
the impact analysis results before the improvement.

RESULTS
Life Cycle Assessment Results

The total value of the environmental impacts pro-
duced in the chicken agroindustry can be seen in Table
2. The calculation results show that consuming 1 kg of
fried chicken produces a global warming impact of 5.86
kg CO, eq. The feed production sub-system contributed
the highest impact (2.93 kg CO, eq (50%)), while the
consumer use sub-system contributed the lowest impact
(0.22 kg CO, eq (3.75%)). The chicken farm sub-system
contributed the second highest impact (1.40 kg CO, eq
(23.90%)). Meanwhile, the slaughterhouse sub-system
produced a lower impact value than the chicken farm
sub-system (1.08 kg CO, eq (18.43%)). The supplier sub-
system produced an impact value that is not much dif-
ferent from the consumer use sub-system (0.23 kg CO,
eq (3.92%)).

The acidification value produced in the chicken
agroindustry was 38.3 g SO, eq/kg of fried chicken
consumed. Table 2 shows that the feed production sub-
system significantly dominates (47.78%) the acidification
value produced (18.30 g SO, eq). The chicken farm sub-
system (13.70 g SO, eq (35.77%)) and the slaughterhouse
sub-system (4.70 g SO, eq (12.27%)) produced relatively
high acidification values. Meanwhile, the consumer use
sub-system had the lowest contributor (0.60 g SO, eq
(1.57%)).

Table 2 shows that consuming 1 kg of fried chicken
will produce the eutrophication effect of 24.10 g PO,* eq.
The feed production sub-system contributed the highest
eutrophication impact (8.27 g PO,* eq (34.32%)), while
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Table 1. Summary of inventory data in the chicken meat agroindustry

Quantity (per functional unit?)

Input Output Unit Feed production®  Chicken farm¢ Slaughterhouse® Supplier® Consumer use*

Input
Maize grain kg 1.65 - - - -
Soybean meal kg 5.70 x 10" - - - -
Wheat bran kg 3.20 x 10" - - - -
Rice bran kg 4.80 x 10! - - - -
Fishmeal kg 1.60 x 10 - - - -
Water m? - 7.45 x 10 1.98 x 107 2.38x 10 2.01 x 107
Sodium hypochlorite kg - 2.40 x 10° 9.06 x 10° - -
Formaldehyde kg - 1.73x10° - - -
Kalium permanganate kg - 7.99 x 10* - - -
Benzal chloride kg - 7.83 x 10* - - -
Rice husk kg - 4.30x 10" - - -
Day-old chicks kg - 5.00 x 102 - - -
Cooking oil kg - - - - 2.00 x 10
Refrigerant NH, kg - - 6.11x 10° -
Refrigerant R134A kg - - - 5.69 x 10° 4.11x 10°
HDPE kg - - - 2.96 x 10* -
LDPE kg - - 4.60 x 107 592 x 10* -
Polypropylene kg - - 2.29 x10° - -
Electricity MJ 9.47 x 10 5.83 x 10 4.17 7.12x 10" 2.16 x 10"
LPG MJ - 2.45 - - 2.45
Natural gas M] 4.06 x 10" - - - -
Diesel M] - - 7.40 x 101 - -
Transport tkm¢ - 5.17 x 102 4.48 x 102 3.01x10°% 8.19 x 10

Output
Broiler feed kg 3.18 - - - -
Broiler chicken kge - 1.95 - - -
Packaged carcass kgf - - 1.32 - -
Co-products kg - - 4.20x 10" - -
Packed chicken pieces kg - - - 131 -
Fried chicken consumed kg - - - - 1
Wastewater m® - 9.32 x 10* 8.00 x 10 2.38x 107 1.20 x 10
Biowaste kg - 2.97 1.30 x 10" - 9.00 x 10
Plastic waste kg - - 5.87 x 10 6.89 x 10° 8.87 x 10

Note: a= per kg of fried chicken consumed; b= background system (secondary data from the Ecoinvent 3 database in the SimaPro software); c= fore-
ground system (primary data); d= ton.km (transportation unit in SimaPro software); e= kg live weight; f= kg carcass. Assumption: Chicken farm=
close-house chicken farm; Farm location to the slaughterhouse= 26 km; Slaughterhouse= modern slaughterhouse; Slaughterhouse location to
supplier= 34 km; Supplier= chicken meat supplier; Consumer use= fast food restaurant; Supplier location to fast food restaurant= 2.3 km; HDPE=
high-density polyethylene; LDPE= low-density polyethylene; LPG= liquefied petroleum gas.

Table 2. The value of environmental impacts in the chicken meat
agroindustry per 1 kg of fried chicken consumed

Sub-systems Global warming Acidification Eutrophication

(kg CO,eq)  (850,eq)  (gPO,”eq)
Feed production 2.93 18.30 8.27
Chicken farm 1.40 13.70 7.43
Slaughterhouse 1.08 4.70 6.00
Supplier 0.23 1.00 1.30
Consumer use 0.22 0.60 1.10
Total 5.86 38.30 24.10

the consumer use sub-system contributed the lowest
eutrophication impact (1.10 g PO,> eq (4.56%)). The
chicken farm sub-system produced a higher eutrophica-
tion impact (7.43 kg CO, eq (30.83%)) than the slaughter-
house sub-system (6.00 kg CO, eq (24.90%)).

Environmental Impacts on Feed Production
Sub-system

The impact value of each sub-system based on the
emission source can be seen in Table 3. The environmen-
tal impacts generated in the feed production sub-system
were from the feed ingredients production (maize
grain, soybean meal, wheat bran, rice bran, fishmeal)
and energy use (electricity and natural gas). Soybean
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meal production was the highest contributor to global
warming (1.17 kg CO, eq (39.93 %)). In contrast, maize
grain production was the most significant contributor to
acidification (7.24 g SO, eq (39.61%)) and eutrophication
(3.52 g PO,* eq (42.56%)) in this sub-system (Table 3;
Figure 2).

Environmental Impacts on Chicken Farm Sub-system

In the broiler chicken production sub-system, the
environmental impacts were generated using day-old

chicks, poultry bedding, cleaning agents, energy (LPG,
diesel, and electricity), and waste (biowaste and waste-
water). The relative contribution of the chicken farm
sub-system to the environmental impacts can be seen
in Figure 3. Biowaste, dominated by litter, significantly
contributed to the global warming impact (0.47 kg CO,
eq (10.95 %)). Day-old chicks” production has the higher
contribution of acidification (7.63 g SO, eq (23.86%))
and eutrophication (3.11 g PO,* eq (19.92%)) but has
the smaller contribution to global warming (0.43 kg
CO, eq (9.99%)) compared to biowaste. Wastewater

Table 3. Impacts value per 1 kg of fried chicken consumed from emission sources in each sub-system

Emission sources Global warming Acidification Eutrophication
(kg CO, eq) (850, eq) (8 PO,” eq)
Feed Production Sub-system
Maize grain 8.00 x 10! 7.24 3.52
Soybean meal 1.17 4.78 1.71
Wheat bran 9.83 x 10 1.03 8.13 x 107
Rice bran 4.86 x 10 1.04 1.55
Fishmeal 1.44 x 10! 1.35 6.22 x 10
Electricity 2.07 x 10 2.82 5.75x 10
Natural gas 2.11x10* 1.24 x 10 1.40 x 10
Chicken Farm Sub-system
Day-old chicks 431 x 10" 7.63 3.11
Poultry bedding 4.37 x 10" 4.30 1.54
Cleaning agents 2.64x 10° 1.15 x 10 3.99 x 10
Electricity 1.83x 10° 7.89 x 107 9.65x 107
LPG 2.22 x10? 2.27 x 10" 2.51 x 10
Wastewater 3.94x 10* 3.14x 107 9.59 x 107
Biowaste 4.72x 10" 1.37 2.62
Transport 1.53 x 10 1.22 x 10 2.53 x 10
Slaughterhouse Sub-system
Cleaning agents 1.77 x 10* 8.79 x 10* 3.61x10*
Packaging materials 1.24 x 10 4.54 x 102 1.28 x 10
Refrigerant NH, 9.51 x10°® 3.35x 10° 439x10°
Electricity 9.45 x 10 4.07 4.98
Diesel 4.60 x 10 1.21 x 107 1.14 x 10
Wastewater 3.55x 102 2.84 x 107 8.64 x 10
Biowaste 2.04 x 102 5.94 x 10 1.14 x 10
Packaging waste 3.27 x 10 8.81 x 107 7.10x10°
Transport 2.06 x 102 7.97 x 10* 2.01x 102
Supplier Sub-system
Packaging materials 2.14x10° 7.78 x 107 2.21x10°
Refrigerant R134A 8.79 x 10* 2.76 x 107 571 x10*
Electricity 2.21x 10" 9.50 x 10 1.16
Wastewater 1.33x 107 1.06 x 10 3.24x 10
Packaging waste 4.83 x10% 1.30x 10 1.05x 10!
Transport 1.39x 10° 5.39 x 107 1.36 x 10°
Consumer Use Sub-system
Refrigerant R134A 6.34x 10° 1.99 x 10* 412x10°
Electricity 1.01x 10! 2.92x 10" 6.52x 10"
Liquefied petroleum gas 2.82x 102 2.88 x 10 3.18 x 10
Cooking oil 2.20x 10?2 8.48 x 107 7.80 x 107
Wastewater 1.12x 10° 8.95x10° 2.73 x 102
Solid waste 6.78 x 102 5.86 x 10° 3.57 x 10
Transport 1.02x10° 4.76 x 10° 1.02x10°
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was the smallest contributor to global warming (3.94 x
10* kg CO, eq (0.01%)), acidification (3.14 x 10° g SO,
eq (0.01%)), and eutrophication (9.59 x 10° g PO, eq
(0.06%)) (Table 3; Figure 3).

Environmental Impacts on Slaughterhouse Sub-system

The environmental impacts generated in the
slaughterhouse sub-system were from energy (electric-
ity and diesel), packaging materials, cleaning materials,
refrigerants, and production waste (wastewater, bio
waste, and packaging waste). Electrical energy was the
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Figure 2. The relative contribution of the feed production
sub-system to environmental impacts. GWP= global
warming potential; AP= acidification potential; EP=
eutrophication potential.
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most significant contributor to global warming (0.94 kg
CO, eq (87.48%)), acidification (4.07 g SO, eq (87.34%)),
and eutrophication (4.98 g PO,* eq (82.96%)) in this sub-
system (Table 3; Figure 4). Packaging waste has a minor
contribution to global warming (3.27 x 10° kg CO, eq),
acidification (8.81 x 107 g SO, eq), and eutrophication
(7.10 x 10° g PO,* eq) (Table 3).
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frigerant, and waste (wastewater and packaging waste).
Eelectrical energy was the most significant contributor
to global warming (0.22 kg CO, eq (95.44%)), acidifica-
tion (0.95 g SO, eq (97.15%)), and eutrophication (1.16
g PO eq (89.12%)). Meanwhile, the refrigerant has
a minor contribution to global warming (8.79 x 10* kg
CO, eq (0.38%)) and eutrophication (5.71 x 10* g PO,* eq
(0.04%)) (Table 3; Figure 5).

Environmental Impacts on Consumer Use Sub-system

In the consumer use sub-system, environmental
impacts were generated due to energy (electricity, LPG,
and diesel), cooking oil, refrigerant, and waste (solid
waste and wastewater). Table 3 and Figure 6 show that
the use of electricity was the main contributor to the
impact of global warming (0.10 kg CO, eq (45.66%)),
acidification (0.29 g SO, eq (48.01%)), and eutrophica-
tion (0.65 g PO,* eq (56.84%)). Refrigerant was a minor
contributor to global warming (6.34 x 10° kg CO, eq),
acidification (1.99 x 10* g SO, eq), and eutrophication
(4.12x10%g PO,* eq) in consumer use sub-system.

Improvement Scenario

Figure 7 shows a decrease in the environmental
impacts of each scenario. The decreased environmental
impacts of scenarios A and B were quite significant.
The application of scenario A shows a decrease in the
impact of global warming by 5.63%. The reduction in
the impacts of global warming (10.41%), acidification
(7.05%), and eutrophication (15.35%) in Scenario B
were higher than in Scenario A. However, applying sce-
narios C, D, and E resulted in an insignificant decrease
compared to Scenarios A and B. This nonsignificant
decrease is because the environmental impacts gener-
ated by the slaughterhouse, supplier, and consumer
use sub-systems were minimal compared to the feed

1 OOO()
96%
92%

88%

Comparative profile

84%

80%

production and chicken farm sub-systems. Therefore,
when improvement efforts were only carried out on
the slaughterhouse, supplier, and consumer use sub-
systems, the reduction in the impact of the entire prod-
uct life cycle was insignificant. Applying scenario C can
reduce the impacts between 0.78% and 1.66%. Scenario
D can reduce the impact slightly lower, between 0.26%
and 0.51%. Meanwhile, the impact decrease in scenario
E was insignificant, with a range of 0.08% and 0.17%.
However, if all scenarios were applied (scenario F), the
impact decrease of global warming (18.26%), acidifica-
tion (8.17%), and eutrophication (17.63%) would become
more significant.
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DISCUSSION

In general, the results of this study were in line
with those of the other LCA studies that analyze the
environmental impacts of the chicken meat chain. Table
4 shows a comparison of the results of this study with
those of several previous studies. The impacts of global
warming and eutrophication in this study (Table 2)
were higher than those reported by Skunca et al. (2018),
which have impacts of 3.62 kg CO, eq and 3.01 g PO*
eq. Meanwhile, the acidification value in this study was
lower than that reported by Skunca et al. (2018) (80.74
g SO, eq). In the study of Skunca et al. (2018), some
materials were not included in the inventory analysis,
such as bedding materials and other feed ingredients
(other than soybean meal, corn, and sorghum), which
could affect impact values. Meanwhile, in this study,
the environmental impacts were calculated on all feed
ingredients (maize grain, soybean meal, wheat bran, rice
bran, and fishmeal), including the impacts of rice husk
as poultry bedding.

Feed production was the sub-system that most con-
tributed to the environmental impacts. This is consistent
with the results of other studies, which state that feed is
the highest contributor to environmental impacts, both
of which evaluated from a cradle-to-farm gate perspec-
tive (Pelletier, 2008; Leinonen et al., 2012; Kheiralipour et
al., 2017; Pishgar-Komleh et al., 2017; Suffian et al., 2018;
Arrieta & Gonzalez, 2019; Lima et al., 2019; Ramedani et
al., 2019; Martinelli et al., 2020), as well as with a cradle-
to-slaughterhouse gate perspective (Gonzélez-Garcia et
al., 2014; Silva et al., 2014; Kalhor et al., 2016; Cesari et al.,
2017; Wiedemann et al., 2017; Lopez-Andrés et al., 2018),
and which include the stages of product use (Skunca et
al., 2018). In this study, feed production contributed 50%
to the global warming impact of the entire chicken meat

chain. Meanwhile, in Leinonen et al. (2012), feed con-
tributes more than 70% to the global warming impact.
Pelletier (2008) reported that chicken feed contributed
82% to global warming, 96% to acidification, and 97% to
eutrophication.

Feed was produced through several stages, includ-
ing feed ingredients production, feed processing, and
transportation. All of these activities were responsible
for the environmental impacts of feed production. The
feed composition was the main factor that caused differ-
ences in the impact values in several studies. The feed
composition in this study included 51.4% maize grain,
18% soybean meal, 10% wheat bran, 15% rice bran,
and 5% fishmeal. The feed ingredients’ environmental
impacts were dominated by crop cultivation rather
than feed processing and transportation. This result is
in line with those results reported by Gonzalez-Garcia
et al. (2014) and Lépez-Andrés et al. (2018) that the use
of chemicals and energy in crop cultivation is the pri-
mary process that contributes to the high environmental
impacts.

Biowaste was the most significant contributor to
environmental impacts in the chicken farm sub-system.
The biowaste was dominated by litter or chicken ma-
nure mixed with poultry bedding (98.73 %). This result
is in line with the results reported by other studies
(Leinonen et al.,, 2012; Gonzalez-Garcia et al., 2014;
Kalhor et al., 2016; Suffian ef al., 2018; Lima et al., 2019)
which state that biowaste management in chicken farm
contributes highly to global warming, acidification, and
eutrophication. The amount of feed consumed will af-
fect the amount of manure produced, thus affecting the
number of emissions in the cage. Litter waste is a source
of NH,, N,O, and CH, emissions in chicken farms due
to organic solid waste management (handling, stor-
age, and application in the field) (Lima et al., 2019). In

Table 4. Comparison of research results in several LCA studies of broiler chicken

System boundaries GWP AP EP
Authors Country Hotspots ly > 3 4 (kgCO,eq) (550, eq) (§ PO,* eq)
(Pelletier, 2008) Us Feed X - - - 1.40° 15.80° 3.90°
(Leinonen et al., 2012) UK Feed X - - - 4.41>-5.66°  46.75"-91.55° 20.31"-48.82°
(Silva et al., 2014) Brazil Feed X - - 1.45%-2.75° 31.40°-45.90° 14.00*-20.50°
(Gonzalez-Garcia ef al., 2014) ~ Portugal Feed and on- X - - 1.62°-2.46° - -
farm emissions
(Kalhor et al., 2016) Tran Feed and on- X X - - 1.392-5.36*  29.58%-61.90° 11.027-19.34°
farm emissions
(Wiedemann et al., 2017) Australia Feed X X X - 2.80° - -
(Pishgar-Komleh et al., 2017) Iran Feed X - - - 6.832-8.50° - -
(Cesari et al., 2017) Italy Feed X X - - 3.032-5.52°>  14.30*-28.40° 10.00%-18.40°
(Kheiralipour et al., 2017) Iran Feed X - - - 3.632 24.00° 9.40°
(Skunca et al., 2018) Serbia Feed and X X X X 2.442-3.62°  75.06-80.74c  1.90°-3.01¢
energy usage
(Arrieta & Gonzalez, 2019) Argentina Feed X - - - 2.03%-2.22° - -
(Martinelli et al., 2020) Brazil Feed - - - 1.48* 17.00* 34.00°
This study Indonesia Feed, litter, and  x X X X 2.932-4.09>-  21.622-27.80°- 10.617-16.44°-
energy usage 5.86¢ 38.30¢ 24.10¢

Note: System boundaries: 1= chicken farm; 2= slaughterhouse; 3= distribution; 4= consumer use; GWP= global warming potential; AP= acidification
potential; EP=eutrophication potential; a= result per kg live weight (cradle-to-farm gate); b=result per kg carcass (cradle-to-slaughterhouse gate);

c=result per kg of consumed chicken meat (cradle-to-grave).
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this study, litter waste contributed 10.81% to global
warming, 4.25% to acidification, and 16.60% to eutro-
phication. These results are in line with those reported
by Gonzélez-Garcia et al. (2014), that manure and CH,
emissions contributed 11% and 4%, respectively, to
the impact of global warming. Meanwhile, Lima et al.
(2019) reported that of the total emissions from manure
management, the contribution of CH, emission is 18.9%,
and the contribution of N,O emission is 81.1%. The
manure management in the farm evaluated in this study
was still not optimal. The collected litter will be sold in
raw form without being processed first. The litter was
stored and piled up around the cage when it was not
sold. This waste buildup can increase NH,, N,O, and
CH, emissions, which can cause odors and fly around
the cage. Improving manure management through
processing litter into compost can be a solution to reduc-
ing environmental impact. As a comparison, Cesari ef
al. (2017) reported that 50% of manure waste from the
farm is processed into compost, so the resulting global
warming impact (3.03 kg CO, eq), acidification (14.30 g
SO, eq), and eutrophication (10.00 g PO,* eq) is smaller
compared to the results of this study.

Several studies (Gonzalez-Garcia et al., 2014; Kalhor
et al., 2016; Cesari et al., 2017) reported that the slaugh-
terhouses sub-system contributed to lower impacts than
the chicken farm sub-system, which is also consistent
with the results of this study. The slaughterhouse sub-
system contributes to the impacts of global warming
(18.43%), acidification (12.27%), and eutrophication
(24.90%) due to the use of electrical energy (83.00%-
87.50%). The slaughterhouse’s primary source of
electrical energy was used to operate the refrigeration
compressor (97.32%). This result is in line with the
report of Hafiz et al. (2017) that the percentage of
electricity consumption is 72%. The high electricity con-
sumption causes more CO,, NO, and PO43' emissions
from the combustion of power plant fuels. According
to Lopez-Andrés et al. (2018), electricity, steam, and
cooling processes significantly impact slaughterhouses.
In line with the research of Skunca et al. (2018) that the
impact contribution of slaughterhouses is dominated by
energy use. The global warming impact on the slaugh-
terhouse sub-system in this study (1.08 kg CO, eq) was
higher than that reported by Skunca et al. (2018), which
has an impact value of 0.41 + 0.11 kg CO, eq. The result
shows that chicken carcass production in the Indonesian
slaughterhouse (4.17 MJ/functional unit) requires higher
energy consumption compared to chicken carcass
production in Serbia (1.40 + 1.01 MJ/functional unit) in
a study by Skunca et al. (2018). This difference is caused
by differences in the energy efficiency of the machines
used (shackle conveyor, stunner, scalder, automatic
plucker, screw chiller, refrigeration compressor, flake ice
machine, chiller, air blast freezer, and cold storage) and
differences in the storage time of chicken carcasses in
cold storage. Therefore, it can be stated that the slaugh-
terhouse in Indonesia is less efficient than in Serbia.

The supplier sub-system contributes to the impact
of global warming (3.92%), acidification (2.61%), and
eutrophication (5.39%) due to energy use. This result is
in line with that reported by Skunca et al. (2018), that en-
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ergy use is the main contributor to the retail sub-system.
The global warming impact on the supplier sub-system
in this study (0.23 kg CO, eq) was smaller than that
reported by Skunca et al. (2018), with an impact value
of 0.49 £ 0.32 kg CO, eq. The supplier activities in this
study (0.71 M]J/functional unit) require minor electri-
cal energy consumption compared to retail activities
in Skunca et al. (2018) (3.19 + 2.15 MJ/functional unit).
The use of electrical energy is the primary source of
CO,, NO,, and PO, emissions that cause global warm-
ing, acidification, and eutrophication in the supplier
sub-system.

According to the research results by Skunca et al.
(2018), the consumer use sub-system was the lowest
contributor to environmental impacts (1.57%-3.75%).
The use of electricity as the most significant contribu-
tor to the impact on this sub-system was in line with
the result reported by Skunca et al. (2018). The source
of electrical energy was used to operate equipment
and for cooling purposes. The global warming impact
on the consumer use sub-system in this study (0.22 kg
CO, eq) was smaller than that reported by Skunca et al.
(2018), which has an impact value of 0.35 + 0.11 kg CO,
eq. Electrical energy consumption by consumers in this
study (0.22 MJ/functional unit) was less than that re-
ported by Skunca et al. (2018) (2.17 + 0.70 MJ/functional
unit). This difference is caused by differences in the elec-
trical energy efficiency of their refrigerators and freezers
and different storage times of chicken meat in refrigera-
tors or freezers. Waste from product use in the form of
leftover packaging and chicken bones also contributes
to greenhouse gas emissions from waste management in
the form of CH,, CO,, and N,O (IPCC, 2006).

Improvement options to reduce environmental
impact throughout the life cycle of the chicken meat
chain can be implemented for each sub-system. In the
feed production sub-system, soybean meal production
produces a higher global warming impact than the
other feed ingredients (1.17 kg CO, eq (9.93%)). The
high crude protein content in soybean meal resulted in
high nitrogen excretion in chicken manure (Giannenas
et al., 2017). Reducing crude protein in feed is a relevant
strategy for reducing environmental impacts (Kebreab
et al., 2016; Garcia-Launay et al., 2018; Tallentire et al.,
2018). Reducing crude protein by 1% can reduce nitro-
gen excretion by 10% (Giannenas et al., 2017). Reducing
crude protein and adding protease enzymes in feed can
reduce the impact of global warming by 2% (Leinonen
& Williams, 2015). According to Giannenas et al. (2017),
adding proteases and substituting soybean meal has bet-
ter environmental performance. Aligned with Arroyo et
al. (2013), soybean meal substitution is very efficient in
reducing the impact of global warming.

The strategy for reducing crude protein in feed
(scenario A) can be partially or entirely substituting
soybean meal with a lower crude protein content, such
as coconut or palm kernel meal. Coconut meal and
palm kernel meal have sufficient crude protein content
to meet the nutritional needs of broiler chickens, with
some modifications made to increase their nutritional
contents, such as fermentation or adding enzymes.
Using fermented coconut meal by Aspergillus Niger in
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feed can increase crude protein content, reduce crude
fiber, increase phosphorus content, and increase live
weight gain and feed conversion, with an optimal limit
of 15% (Haryati et al., 2006). Fermented palm kernel
meal and the addition of enzymes can increase feed effi-
ciency, improve feed conversion, reduce abdominal fat,
and replace soybean meal by up to 18% in chicken feed
(Pasaribu, 2018). Fermentation can cause the degrada-
tion of crude fiber into simple sugars and proteins into
amino acids by microbes. Therefore, feed ingredients
have a higher digestibility after fermentation and pro-
duce easily absorbed hydrolysate, which increases feed
efficiency.

Coconut meal and palm kernel meal cultivations
produce a smaller global warming impact (0.78 kg CO,
eq for coconut meal and 0.22 kg CO, eq for palm kernel
meal) than soybean meal cultivation (1.17 kg CO, eq).
Coconut meal and palm kernel meal are local feed ingre-
dients widely produced in Indonesia, which can replace
soybean meal as an imported feed ingredient. Imported
feed ingredients have a high environmental impact con-
tribution due to fuel use in transportation. Using local
feed ingredients can reduce the environmental impacts
of the imported transportation process.

Litter produced on farms is usually sold directly
in raw form without prior processing. Although selling
raw litter waste can be more financially efficient, invest-
ing in the composting process of litter waste (scenario
B) can provide long-term benefits for the company.
Compost from litter waste has a higher market value
than raw litter waste. Litter waste has a strong odor and
can contaminate the environment if not properly pro-
cessed. By composting litter waste, unpleasant odors can
be reduced, creating a more environmentally friendly
environment. The company can demonstrate its com-
mitment to sustainable and environmentally friendly
agro-industrial practices by composting litter waste.
This approach can improve the company’s image and
reputation. The composting process, with the addition
of good bacteria to speed up the decomposition process,
can produce heat, allowing microorganisms in the litter
to die and making it safer. The reduced emissions in
this scenario occur due to the decomposition process of
organic matter in the litter during composting. Using
organic fertilizer from the litter can reduce the use of
chemical fertilizers on agricultural land. According
to Gonzalez-Garcia et al. (2014), applying manure as
organic fertilizer can reduce the impacts of global warm-
ing, acidification, and eutrophication.

The scenario of installing inverters on refrigeration
compressors in the slaughterhouse (scenario C) and sup-
plier (scenario D) refers to Hafiz et al. (2017), which state
that installing an inverter on a refrigeration compressor
at a slaughterhouse in Malaysia can reduce electricity
consumption by 10%. Reducing electricity consumption
can reduce emissions that cause global warming (CO,),
acidification (50, and NO ), and eutrophication (NO).

The electricity efficiency scenario in the consumer
use sub-system (scenario E) can be done through routine
maintenance of the equipment used to maintain its ef-
ficiency. Electric savings can also be done by reducing
the time to take and insert products from the refrigera-

tor and using electricity wisely by turning off equipment
when not in use.

CONCLUSION

The impact values of global warming, acidification,
and eutrophication produced in 1 kg of fried chicken
consumed were 5.86 kg CO, eq, 38.30 g SO, eq, and
2410 g PO,*> eq. Feed production, litter, and energy
use were the most significant contributors to the envi-
ronmental impacts. Improvement efforts to reduce the
emissions include reducing crude protein in feed, com-
posting litter waste, installing inverters, and electricity
efficiency. Applying all improvement scenarios in each
sub-system can reduce the impacts of global warm-
ing (18.26%), acidification (8.17%), and eutrophication
(17.63%) on the chicken meat agroindustry.
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