
Introduction

World egg production numbered 1,284 million in 
2013, or 68 million tons. The four highest egg-producing 
countries were China, the United States, Japan, and India, 
with Thailand producing around 668,000 tons of eggs 
and 1.37 million tons of broilers as 1.43% of total global 
output. Thai raw chicken production increased from 
154,759 million tons in 2014 to 215,045 million tons by 
the end of 2015, an increase of 38.9% [1], and Thai annual 
egg production increased to 1 million tons in 2013 [2].

From the environmental aspects, an increase in egg 
and chicken meat production requires higher energy, 
water, chemical consumption, and feed production 
for chicken husbandry, while more chickens at the 
slaughterhouses increase solid waste, wastewater,r and 
gas emissions. Livestock product including chicken 
meat is consumable and apart from the social pressure 
pertaining to the surroundings, production affects climate 
change [3] as food chains have a large negative impact on 
the environment [4]. Animal husbandry production causes 
a high amount of greenhouse gas (GHG) emissions [5]. 
The livestock sector is responsible for 8-18% of global 
GHG emissions [5-6]. Hence, to reduce this impact and 
establish sustainable development, an integrated study 
on the environmental impacts caused throughout the 
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Abstract

We used life cycle assessment (LCA) methodology to assess the environmental impacts of greenhouse 
gas (GHG) emissions resulting from one-day-old chick production. The system boundary was set from 
hatching to the farm gate and involved the three main processes as parent farms, chicken feed production, 
and hatchery processing. The two main objectives were first to accumulate essential data for green supply 
chain management throughout the three processes of one-day-old chick production, and second, to identify 
hotspots and find a holistic solution to reduce GHG emissions within the system boundary. Eight combinations 
of one-day-old chick production were identified. Results determined that GHG emissions varied between 
337 and 383 g CO2 eq/day-old chick, depending on the combination. Chicken feed processing caused the 
highest impact at 45-55% as a result of the protein and energy-rich ingredients in the feed formulas. The 
replacement of chicken feed ingredients with dried distillers grain with solubles (DDGS), peas, cassava root, 
and cassava leaves was investigated. The best alternative was cassava root, which reduced GHG emissions 
between 5% and 6%.
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complete chain of the chicken industry was assessed, and 
workable solutions and strategies were suggested.

Life cycle assessment (LCA) can be used as an 
assessment methodology to improve management 
structures and quality monitoring in the food chain. LCA is 
an essential tool that helps a product development process 
to achieve the goal of sustainable development [7-8]. LCA 
is also an effective and widely accepted tool for assessing 
the environmental impact of a food industry supply chain 
[9] in compliance with the International Organization 
for Standardization as ISO14040 [10]. Leinonen et al. 
opined that LCA was more holistic than the many other 
methods used to quantify the environmental impacts of a 
product [11]. Researchers have studied the LCA or carbon 
footprint of the chicken industry covering egg production 
in the United States [12], the United Kingdom [11], and the 
Netherlands [13]. Many also have studied broiler chicken 
production and analyzed results after slaughterhouse 
processing in Portugal [14], France [15], the United States 
[16], and Brazil [17]. However, few studies have focused 
on the details of chicken feed production in Thailand [18] 
and Brazil [19]. No in-depth research has examined one-
day-old chick production. Thus, this paper concentrates 
specifically on one-day-old chick production. 

Thai broiler husbandry can be classified into four 
categories: 
1.	 	 Independent raiser: The farmers or raisers use their 

own farms and purchase their own chicks without 
binding conditions or commitments to any chick-
producing companies or distributors. Chicken feed 
and medicines can be procured from any preferential 
vendors.

2.	 	 Contract raiser: The farmers are hired to raise broilers 
to supply a specific company or dealer. A chicken 
feed company or dealer invests money in the chicks, 
feed, and medicine, and provides their cooperative 
farmers with financial and technical support as well 
as guidance in farming strategies. When the chickens 
are mature, the company markets them or sends them 
to a slaughterhouse. The farmer’s income depends on 
the number or surviving chickens, the amount of feed 
used, and the weights of the birds.

3.	 	 Contract farming: The farmer signs a bilateral contract 
to buy chicks, feed, and medicine from a particular 
company which in turn buys the mature chickens 
back at a mutually agreed price.

4.	 	 Corporate farming: The company has complete 
ownership and operates integrated broiler farming 
from production to breeding, slaughter, and meat 
processing.

One-day-old chicks can therefore be raised in a variety 
of ways. Thus, one-day-old chick production was studied 
in detail for broilers to provide information concerning 
efficient green supply chain management of the chicken 
industry.

The objectives were to identify hotspots of 
environmental impact of one-day-old chick production 
and accumulate essential data to establish effective green 
supply chain management throughout the entire chicken 

meat production process. For easy understanding, the 
results were related to global warming potential (GWP) 
and presented per one-day-old chick before transport to a 
broiler farm.

Material and methods 

LCA is a tool used to evaluate the environmental impact 
of a product considering all the integrated processes of raw 
material acquisition, manufacturing, distribution, use, and 
disposal. Following ISO14040 [10], LCA consists of four 
main parts: goal and scope definition, life cycle inventory 
(LCI), life cycle impact assessment (LCIA), and life cycle 
interpretation of results. Goal and scope definition, a 
primary process of LCA, exhibits the objectives, system 
boundary, and functional unit setting. The second phase, 
LCI, covers the input and output of inventories within 
the system boundary such as the amount of raw material 
and energy used and consequent waste products. LCIA 
converts these inventories into simpler indicators through 
problem- and damage-orientation. The problem-oriented 
method focuses on impact categories, including global 
warming, ozone depletion, acidification, eutrophication, 
resource depletion, and toxicity, while the damage-
oriented method emphasizes the negative impacts on 
humans and the ecosystem. Finally, impact assessment 
analyzes the outcomes and whether they meet the LCA 
objectives.

Goal and scope definitions

The objectives were (1) to prepare efficient information 
for green supply chain establishment throughout the entire 
chicken industry supply chain by initiating a carbon 
management programme using LCA and (2) to identify 
hotspots from system observation and suggest ways 
to streamline the existing system to decrease negative 
impacts on the receiving environment. LCA methodology 
requires the specification of a functional reference unit 
defined as the quantified performance of the production 
system [20]. Typical functional units used in the chicken 
industry are 1,000 kg of eggs [11], 1.2 kg of broiler chicken 
meat [14], or one ton of whole chickens packed and ready 
for transport to supermarkets [15]. Here, however, the 
functional unit for the hatchery farm in this study was set as 
a one-day-old chick at the farm gate ready for transport to 
broiler farms. One-day-old chicks weigh between 30 and 
53 g. The reason for choosing this quantified functional 
unit was because farmers count their chicks to determine 
yield records. 

The Thai broiler industry is dominated by 12 big 
corporations that account for more than 90% of the 
country’s total capacity. They control the manufacturing 
process on an integrated basis, generally called upstream 
to downstream. Upstream refers to the chick-producing 
industry and the midstream covers the broiler industry 
and slaughterhouses. The downstream sector is chicken 
meat processing. Only the upstream was considered here, 
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starting from rearing broiler breeders and incubation to 
producing one-day-old chicks (Fig. 1).

To rear broiler breeders to maturity, feeding is a 
mandatory step and primary data was gathered from a 
chicken feed manufacturing plant. Feed formulas for 
breeders are different from broilers. During the laying 
period, one female breeder lays about 160 eggs, which  
are then transported to the hatchery. Pre-incubation 
services such as pasteurization and pre-hearing are 
prepared prior to the hatchery stage, which is controlled 
under fixed temperature, humidity, and air circulation. The 
system boundary ends when the chick has hatched out, 
turned one-day-old, and is ready for transport to a broiler 
farm.

Life cycle inventory

LCI is the accumulation of input and output related 
to selected impact categories aligned with the set system 
boundary. Inventory data for the parent farm to the 
hatchery processing gate were obtained as both primary 
and secondary sources. For primary data we selected 
eight companies: five from parent farms, one from 
feed production, and two from hatchery processing. 
Examples of primary data are electricity consumption, 
water consumption, or chemicals used within the system 
boundary. Secondary data including chemical production, 
fertiliser production, electricity, and fuel production were 
collected from the Thailand National Life Cycle Inventories 
Database [21] and the life cycle assessment database in 
the Ecoinvent [22]. The three areas of data accumulation 
included the parent farms, hatchery processing, and feed 
production. Fig. 2 presents an overview of the relationships 
between these production units.

Broiler breeder rearing technically begins with the 
importation of great-grandparents from abroad to hatch out 
the next generation of breeders. Importation and rearing of 

the great-grandparent generation were not included here 
due to lack of data. The research boundary started when 
the breeders were fed and raised until they were capable of 
reproducing and laying eggs that would eventually grow 
to broilers. Primary data collected in 2011 were obtained 
from one feed plant, five parent farms, and two hatchery 
units.

Primary data for feed manufacture were collected 
throughout 2011 from a feed-producing plant (FP1). 
The plant produced feeds suitable for both breeders and 
broilers; however, this was outside the study scope so 
mass allocation was requisite. Allocation is defined as 
partitioning the input or output flow of a process or a product 
system between the product system under study [10]. The 
broiler breeder feed formulas had different compositions; 
however, the main ingredients were commonly protein-
rich (soybean, baked beans), energy-rich (corn, millet, rice 
bran, cassava), vitamins (monocalcium phosphate), and 
other additives. Each formula composition was averaged, 
and feed raw material transport to the feed plant was also 
included in the calculation. However, direct land use 
change from ingredient cultivations was excluded due to 
lack of available data.

Parent farm Nos. 1, 2, and 3 (PF1, PF2, and PF3) were 
the primary farm nursing breeders from their early days 
until 22 weeks, when they were moved to parent farm No. 
4 (PF4) until they reached 66 weeks. Parent farm No. 5 
(PF5) raised the breeder chicks until they were able to lay 
eggs, without any relocation. For the parent farm process, 
all bedding materials, vaccinations, electricity, fuels, 
chemicals required for proper hygiene, and chicken feed in 
various formulas and on sequential wastes such as chicken 
remains to be disposed and wastewater to be treated were 
prepared for the chicken house. For manure management, 
CH4 and N2O values were assessed following the method 
of Prudencio da Silva et al. [17]. The direct input to and 
output from the system boundary are shown in Table 1. 
Vaccination was not taken into account due to the lack of 
characterization factor information following Gonzalez-
Garcia et al. [14]. To fill the data gap, the amount of solid 
waste at FP1 was assumed to be 0.26 kg per 100 kg of feed 
[14]. Transportation between parent farms was included 
in the study.

Fig. 1. System boundary. 

Fig. 2. The relationships between production units and the 
feasible pattern of GHG emissions. 
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Eggs from PF4 and PF5 were transported to the 
hatchery for processing. Inputs such as cardboard paper, 
electricity, diesel for transportation, and water, and 
such outputs as chicken shell, wastewater, cardboard, 
and paper waste were accounted for in the inventory.  
Primary data were gathered from field surveys and 
questionnaires provided by the two hatchery processing 
units (HP1 and HP2). Based on one year of compiled  
data in 2011, the eggs weighed between 60 and 65 g.  
All items in the hatchery farms were prepared and 
strictly controlled. The temperature was conditioned at  
37.0-37.7ºC with 60-70% humidity, and egg turning  
was set at six times a day. After 19-22 days in the  
hatchery the chicks hatched out. Observations continued 
for up to one day after birth. 

For presentation, the potential ways of GHG emissions 
of a one-day-old chick were divided into eight patterns 
(Fig. 2): 
•	 	 Combination 1 (CB1) started from chicken feed 

acquisition from FP1 to feed breeder chicks in PF1. 
After turning 22 weeks old, the chicks were relocated 
to PF4 until they laid eggs, which were then taken to 
HP1 for processing.

•	 	 Combination 2 (CB2) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF1. 
After turning 22 weeks old, the chicks were relocated 
to PF4 until they laid eggs, which were then taken to 
HP2 for processing.

•	 	 Combination 3 (CB3) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF2. 
After turning 22 weeks old, the chicks were relocated 
to PF4 until they laid eggs, which were then taken to 
HP1 for processing.

•	 	 Combination 4 (CB4) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF2. 
After turning 22 weeks old, the chicks were relocated 
to PF4 until they laid eggs, which were then to HP2 
for processing.

•	 	 Combination 5 (CB5) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF3. 
After turning 22 weeks old, the chicks were relocated 
to PF4 until they laid eggs, which were then taken to 
HP1 for processing.

•	 	 Combination 6 (CB6) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF3. 
After turning 22 weeks old, the chicks were relocated 

Table 1. Direct input to and output from the product system boundary.

Input Unit FP1* PF1** PF2** PF3** PF4*** PF5*** HP1** HP2**

Protein-rich ingredient kg 20.40

Energy-rich ingredient kg 74.20

Monocalcium phosphate kg 1.52

Calcium carbonate kg 2.25

Sodium chloride kg 0.40

Vitamins kg 1.23

Energy MJ 0.19 2,145.28  1,234.53 2,195.03 2.56 38.16 28.52 54.20

Water m3 0.00 52.35 68.48 50.08 4.28  3.60  0.11  0.08

Electricity kWh 0.19 2,724.22  3,423.40 2,562.17 87.13 104.70 77.99 35.84

Chlorine kg 59.75 19.14 49.11 0.78 0.37 0.08 0.12

Feed kg 9,027.08 11,928.38 9,210.71 287.18 334.41

Bedding material kg 1,481.55  1,869.37 1,425.85 7.03 33.35

Output

Wastewater m3 0.00 14.72 9.53 12.45 1.25 2.06 0.10 0.07

Solid waste kg 0.26 9,694.89 10,821.88 8,985.84 46.89 192.14 6.31 1.65

Dead chicken kg 110.35 85.46 63.74 4.03 4.19

Egg shell kg 3.27 3.59

CO2 eq (fuel combustion) kg 2.65 224.83 135.27 235.75 0.29 3.20 2.12 4.03

CH4 (manure) kg 5.83 6.51 5.67 0.08 0.11

N2O (manure) kg   0.11 0.12 0.10 0.00 0.00    

FP1= Feed plant, PF1 = Parent farm 1, PF2 = Parent farm 2, PF3 = Parent farm 3, PF4 = Parent farm 4,  HP1 = Hatchery unit 1, 
HP2 = Hatchery unit 2          * per 100 kg; ** per 1,000 chicks; ***per 1,000 eggs



1273Greenhouse Gas Emissions...

to PF4 until they laid eggs, which were then taken to 
HP2 for processing.

•	 	 Combination 7 (CB7) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF5. 
After being laid, the eggs were taken to HP1 for 
processing.

•	 	 Combination 8 (CB8) started from chicken feed 
acquisition from FP1 to feed breeder chicks in PF5. 
After being laid, the eggs were taken to HP2 for 
processing.

Life cycle impact assessment

Environmental impacts can be assessed in various 
categories. Many authors have investigated environmental 
impacts caused by the chicken industry [12, 14-15, 
17, 23-25]. The most common category studied by all 
these researchers was global warming potential (GWP). 
However, this study focused only on GWP using IPCC 

methodology [26]. The selected impact category was 
calculated in terms of CO2 eq for GWP over 100 years 
using the problem-oriented approach. 

Results and Discussion

GHG emissions results

Electricity and fuel input per 100 kg of feed production 
were 0.19 kWh and 0.19 MJ, respectively, or 0.88 MJ in 
total (Table 1). The main ingredients were energy and 
protein-rich at a ratio of 74:20. Energy-rich ingredients 
were mainly corn, rice and rice bran, and protein-rich 
ingredients such as soybean meal and beans. Tongpool 
et al. determined that the ratio of energy to protein-
rich ingredients was 70:26.6 for broiler feed production  
only [18]. Information from the parent farms indicated  
that a female breeder laid between 154 and 161 eggs.  

Table 2. GHG emissions (in bold) and contribution (in italics) of one-day-old chicks in the system boundary.

CB1 CB2 CB3 CB4 CB5 CB6 CB7 CB8

Production of chicken feed 194 (55%) 186 (49%) 184 (54%) 176 (48%) 183 (54%) 176 (48%) 174 (51%) 167 (45%)

  Protein-rich crop 21% 21% 21% 21% 21% 21% 21% 21%

  Energy-rich crop 64% 64% 64% 64% 64% 64% 64% 64%

  Chemicals and vitamins 12% 12% 12% 12% 12% 12% 12% 12%

  Electricity 0% 0% 0% 0% 0% 0% 0% 0%

  Energy 1% 1% 1% 1% 1% 1% 1% 1%

  Transportation 3% 3% 3% 3% 3% 3% 3% 3%

  Others 0% 0% 0% 0% 0% 0% 0% 0%

Parent farms 116 (33%) 112 (29%) 109 (32%) 105 (29%) 110 (33%) 106 (29%) 123 (36%) 119 (32%)

  Electricity 75% 75% 76% 76% 75% 75% 66% 66%

  Energy 2% 2% 3% 3% 2% 2% 4% 4%

  Bedding material 11% 11% 10% 10% 10% 10% 17% 17%

  Emission from manure 4% 4% 4% 4% 4% 4% 4% 4%

  Dead chickens 0% 0% 0% 0% 0% 0% 0% 0%

  Transportation 3% 3% 1% 2% 2% 2% 3% 3%

  Others 5% 5% 6% 6% 6% 6% 6% 6%

Hatchery processing 44 (12%) 85 (22%) 44 (13%) 85 (23%) 44 (13%) 85 (23%) 44 (13%) 85 (23%)

  Energy 10% 3% 10% 3% 10% 3% 10% 3%

  Electricity 49% 56% 49% 56% 49% 56% 49% 56%

  Cardboard 4% 8% 4% 8% 4% 8% 4% 8%

  Solid waste, including egg 
shell 31% 32% 31% 32% 31% 32% 31% 32%

  Transportation 5% 1% 5% 1% 5% 1% 5% 1%

  Others 0% 0% 0% 0% 0% 0% 0% 0%

Total 354 383 337 366 337 367 341 371

CB = Combination
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Thus, 334-373 kg of feed was required to produce  
1,000 eggs. The electricity consumption varied from  
2,562-3,423 kWh/1,000 chicks at the parent farms, 
indicating the range of efficiency management across 
properties. Electricity consumption at the hatchery units 
varied between 36-78 kWh to hatch 1,000 chicks, also 
reflecting different farm management techniques. Pelletier 
et al. noted that each farm was implicitly different, 
probably as a result of the quality of data recording and 
reporting [12]. 

Results for GHG emissions within the boundary 
are presented in Table 2. The percentage contribution 
is separated by each process of feed production as crop 
production, chemical processing, and transportation to 
the feed plant, parent farms, and hatchery units. Feed 
production resulted in the highest GHG emissions for 
every combination at 167-194 g CO2 eq/day-old chick, or 
45-55% of total GHG emissions. These results concurred 
with previous research. Despite using a different system 
boundary, Leinonen et al. [11], Prudencio da Silva et 
al. [17], and Thevenot et al. [15] concluded that feed 
production caused the major environmental impact. 
Energy-rich ingredients were the highest contributors to 
GHG emissions at 64% of the total feed production, with 
protein-rich ingredients responsible for 21%. However, 
the feed production process only slightly impacted GHG 
emissions.

Parent farms were the second largest source of GHG 
emissions for the whole life cycle within the system 
boundary, ranging between 105-123 g CO2 eq/day-old 
chick or 29-36% of the total, primarily from electricity 
(66-76%) and bedding material (10-17%). Emissions from 
manure accounted for only 4% of the total.

Hatchery processing caused the lowest GHG emi- 
ssions at 12-23%, mostly from electricity consumption 
and solid waste management at 49-56% and 31-32%, 
respectively. Transportation generated low GHG 
emissions.

Overall, the combination of CB3 and CB5 gave the 
lowest GHG emissions, equivalent to 337 g CO2 eq/day-
old chick, whereas CB2 was highest at 383 g CO2 eq/
day-old chick, caused by GHG emissions from HP2. The 
difference between CB3 and CB5 was attributed to the 
different sources of the 22-week-old breeder chicks from 
PF2 and PF3, respectively. Comparing PF2 with PF3 from 
gate to gate gave similar GHG emissions for raising one 
22-week-old parent chick at 2.93 and 3.07 kg CO2 eq, 
respectively. HP1 and HP2 released 44 and 85 g CO2 eq/
day-old chicks, respectively, from gate to gate to hatch a 
one-day-old chick. This was because HP2 used double 
the electricity consumption of HP1 and also four times 
more cardboard, which required subsequent disposal. 
This result compared favorably with other studies using 
similar system boundaries. Nielsen et al. used estimations 
based on consequential LCA and reported GHG emissions 
at 0.52 kg CO2 eq/chick from the hatchery [27]. The 
emissions factors of soybean meal and corn were specified 
as 0.450 kg CO2 eq/kg soybean mean and 0.308 kg CO2 
eq/kg corn as derived from the Thailand National Life 

Cycle Inventories Database (MTEC) [21]. Nielsen et al. 
[27] used 0.738 kg CO2 eq/kg soybean meal and indicated 
the emission factor from corn at 0.659 kg CO2 eq/kg corn, 
which was nearly double the MTEC figure. When the 
emission factors were adjusted to be the same as Nielsen 
et al. [27], then the GHG emissions changed (Fig. 3). GHG 
emissions of feed production after adjustment ranged 
from 441 to 490 g CO2 eq/day-old chick, giving a 26-31% 
variation and implying that the values of emission factors 
influenced GHG emissions of chicks.

Opportunities identified for reducing the 
environmental impacts of one-day-old chicks

The largest contribution to environmental impact caused 
by a one-day-old chick was feed production. Therefore, 
developing and streamlining the processes and each of 
the contributions within the system boundary focused 
mainly on feed production. Corn, soybean meal, and bran 
extract were the three main sources of environmental 
impact caused by feed production equivalent to 80% of 
GHG emissions (Table 3). Corn, soybean meal, and bran 

Fig. 3. GHG emissions per one-day-old chicks before and after 
adjusting the emission factors of soybean meal and corn. 

Table 3. Contributions of feed ingredients to GHG emissions.

Ingredients Contribution

Soybean 19.15%

Baked beans 2.82%

Corn 41.88%

Millet 0.39%

Rice bran 4.40%

Cassava waste 0.23%

Bran extract 19.03%

Monocalcium phosphate 0.00%

Calcium carbonate 0.01%

Sodium chloride 0.00%

Vitamins 0.00%
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extract ingredients contributed to GHG emissions in feed 
production at 42, 19, and 19%, respectively. Therefore, 
the main focus areas to reduce GHG emissions were corn, 
soybean meal, and bran extract ingredients. 

One protein-rich ingredient in the feed was soybean 
quantified 16.6% by mass. Baumgartner et al. suggested 
that grain legumes such as peas and fava beans could be 
used as a protein source in animal feed instead of soybean 
to mitigate environmental impacts, as no fertilizers were 
required in grain legume cultivation [28]. Castell et al. 
opined that acceptable levels in broiler diets could use up 
to 200 g/kg [29]. Thus, the first scenario involved totally 
replacing soybeans with peas. Another interesting protein-
rich ingredient as a byproduct of bioethanol production 
from grains was dried distillers grain with solubles 
(DDGS) [30-31]. DDGS can be used in broiler diets to 
replace soybean by up to 15% with no negative effect on 
growth performance and meat quality [32]. Therefore, the 
second scenario involved partial replacement of soybean 
with DDGS at 15%. Cassava leaf contains various 
essential amino acids in proportions close to soybean 
meal [33]. Cassava leaf meal can therefore be used at up 
to 20% as a replacement for soybean meal for both broiler 
starter and finisher diets, without any deleterious effect on 
growth and carcass yield [34]. Hence, the third scenario 
replaced soybean with cassava leaf at 20%.

The main energy-rich ingredient in breeder diets 
is corn, at 53% by mass. Several researchers have 
investigated alternative crops to replace corn. Kyawt et 
al. discovered that up to 40% corn could be substituted 
by cassava meal to improve laying performance and egg 
quality [35]. Replacing corn by up to 50% cassava root did 
not significantly affect the hen-day egg production [36]. 
Accordingly, the fourth scenario replaced corn with up to 
40% cassava root. 

Corn and soybean were replaced following each 
scenario. Results indicated that replacing soybean with 
DDGS (scenario 2), although comparable in nutritional 
quality, increased GHG emissions by 6-7% (Table 4) as the 
addition of DDGS, a co-product from ethanol production, 
caused high GHG emissions according to the Ecoinvent 
database [22]. Replacing soybean with peas (scenario 
1) reduced GHG by 4-5%, since pea cultivation caused 
lower GHG emissions [37]. Scenarios 3 and 4 involved 
soybean meal replacement with cassava root and cassava 
leaf. Cassava cultivation had a lower influence on GHG 

emissions than both corn and soybean, thus the total GHG 
emissions in one-day-old chick production decreased by 
3-6% against the base case. Therefore, replacing corn with 
cassava root was the optimal choice for reducing GHG 
emissions.

Another influential factor that may hinder these 
replacement alternatives is price. The poultry industry 
requires vast quantities of feed to operate and even a small 
variance in price can result in a huge difference in costs. 
Spring [31] stated that feed accounted for 50-70% of the 
total cost of animal production. This study, however, did 
not consider economic feasibility.

Conclusions

The GHG emissions of one-day-old chick production 
were investigated, setting a system boundary as feed 
production, parent farms, and hatchery processing. The 
research was conducted on an attributional LCA basis 
and GHG emissions ranged between 337-383 g CO2 eq/
day-old chick. Feed production accounted for the largest 
contribution at 45-55%. Parent farms were next at 29-36%, 
and hatchery processing was lowest at 13-23%. In the feed 
production process, the most prominent causes of high 
GHG emissions were protein and energy-rich ingredients 
contributing over 85% of the total (during feed production 
only). The major factor in parent farms and hatcheries 
was electricity consumption. The feasibility for reducing 
GHG emissions was addressed, paying most attention to 
feed production. Cassava leaves and peas were considered 
good replacements for soybean, reducing GHG emissions 
by 3-5%, and replacing corn with cassava root lessened 
emissions by 5-6%. However, replacing soybean with 
DDGS increased GHG emissions by 6-7%.
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