Baltierra-Trejo et al.

Energy analysis of a poultry farm
Ecosist. Recur. Agropec.
4(12):571-577,2017

COSISTEMAS
Y
CURSOS
ROPECUARIOS

Energy analysis and CO, eq emissions of chicken meat production

Analisis energético y emisiones de CO, eq en la producciéon de carne de pollo

Eduardo Baltierra-Trejo!, Alejandra Arroyo-Pitacua?, Liliana Marquez-Benavides®*

!Centro de Investigacion en Sustentabilidad Energética y Ambiental del Noreste, Universidad Auténoma del Noreste, CP.
87560. Matamoros, Tamaulipas, México.
ZLaboratorio de Residuos Sélidos y Medio Ambiente del Instituto de Investigaciones Agropecuarias y Forestales. Universidad
Michoacana de San Nicolas de Hidalgo. CP. 58302. Morelia, Michoacan, México.
*Autor de correspondencia: Imarquez@umich.mx

Scientific note received: May 11, 2016 accepted: November 23, 2016

ABSTRACT. In México, greenhouse gas emissions from the agricultural sector include mainly enteric and manure
sources. However, emissions due to the use of fossil energy are usually not considered. The aim of this work was
to identify the energy demand (MJ) to produce a kilogram of chicken meat, and to determine the associated CO4
equivalent emissions. To that end, a farm in west-central Mexico was studied to profile the energy demand to supply
water, feed, lighting, ventilation, air extraction and heating, using 1000 birds as a calculation basis. It was found that
the emissions derived from fossil energy use were 0.47 kgCO- eq per kilogram of live weight per production cycle.
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RESUMEN. En México, las emisiones de gases de efecto invernadero del sector agropecuario son principalmente
entéricas y de manejo de estiércol, pero no se consideran las emisiones de la demanda de energética f6sil. Con el obje-
tivo de conocer la demanda energética (MJ) para producir un kilogramo de carne de pollo y determinar la emisién de
CO; equivalente asociada, se analizé el consumo energético necesario para el suministro de agua, alimento, iluminacién,
ventilacién, extraccién de aire y calefaccion en una granja, tomando como base de céalculo 1000 aves. Se determiné
que la emisién derivada del consumo de energia fésil fue de 0.47 kg CO4 eq por kilogramo de carne de pollo en pie en

un ciclo productivo.
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INTRODUCTION

The agricultural sector accounts for an es-
timated 20 % of global greenhouse gas (GHG)
emissions (IPCC 2014). Mexico ranks 12th in re-
lation to CO2 equivalent (COy eq) emissions with
374 million tons, of which 12.3 % comes from agri-
cultural activities (SEMARNAT and INECC 2012).
Nationally, the poultry industry accounts for 63
% of livestock production, but the national in-
ventory of greenhouse gas emissions only reports
CO, emissions for manure management in the
general agriculture category. Therefore, the carbon
footprint for fossil energy use by the poultry activi-
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ty is unknown (SEMARNAT and INECC 2013).
The Farm Energy Act (SAGARPA 2003)
provides incentives in the energy rates for farm
activities, in order to achieve greater productive
efficiency. However, poultry farms require energy to:
provide adequate thermal comfort, ventilation, and
lighting to birds; mobilize feed, equipment, inputs
and waste; dispose of mortalities and obtain water
(Costantino et al. 2016). To determine the environ-
mental impact of the energy consumption resulting
from poultry farming, the matter and energy inputs
and outputs from the chicken meat production pro-
cess should be established and the COy emissions
generated should be estimated. Therefore, the ob-
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jective was to define the energy demand (MJ) to
produce one kilogram of chicken meat and to de-
termine the associated CO5 eq emissions.

MATERIALS AND METHODS

Location of the study area

The study was conducted in the summer
of 2013 in a farm located in the municipality of
Taretan, in the western region of the State of Mi-
choacan, Mexico, located at 19° 20’ 00" NL and
101° 55" 00" WL. The climate is temperate with
summer rains, average annual rainfall of 1 560 mm
and temperatures between 4.4 and 29.6 °C. The
farm has 10 poultry houses of 13 x 150 m, with
capacity for 22 000 birds per 49-day cycle. The
production system is technified, with a controlled
environment composed of heaters, fans, extractors,
sprinklers for moisture control and a curtain system
on the house walls.

Determination of energy consumption

A survey conducted to learn the farm’s overall
process was applied to the poultry house keepers
and the farm manager. The objective of the sur-
vey was to determine: the inputs and outputs of
the process; the cycle's duration; consumption of
LP gas (kg), electricity (kWh), feed (kg) and wa-
ter (L); number of birds and live and carcass weight
(kg) at the end of the production cycle. An inven-
tory of machinery and equipment was carried out
to determine the energy demand and hours of use.
Fuel consumption in machinery and transportation
vehicles was obtained from the farm’s usage log.

The considerations for the calculations were
that the basis of the report was for 1 000 birds
during a 49-d production cycle; 13-hour d~!
operation of the ventilation and air extraction sys-
tems; the use of heating and lighting was for 28
d during the 49-d production cycle; 1.7 kg carcass
weight without head, neck, legs and viscera; and
live weight of 2.54 kg at the end of the 49-d pro-
duction cycle.
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Analysis of energy performance

It was determined with the energy
productivity and specific energy equations of Singh
(1997) and Salazar et al. (2012), which are as
follows:

p . . . .
EP — roduction (kg, broiler live weight)

Total energy consumed in a productive cycle (MJ)

Where EP = Energy productivity.

SE — Total energy consumed in a productive cycle (MJ)
- Production (kg, broiler live weight)

Where SE = Specific energy.

Determination of GHG emissions by energy
consumption

GHG emissions from electric energy consump-
tion to provide drinking water, feed, lighting, ven-
tilation and air extraction were estimated based
on the CO2 eq emission factor for Mexico of 454
g COy eq per kWh proposed by the International
Energy Agency (IEA 2015). The National Insti-
tute of Ecology's carbon calculator (INECC and
SEMARNAT 2013) was used to determine the GHG
emissions of the LP gas-based heating system, while
the determination of the electric energy consump-
tion (kWh) used to extract and distribute drinking
water (m3) was performed with the Michoacan
efficiency index, which is 0.75 kWh m—3 (CONUEE
2011).

RESULTS AND DISCUSSION

The main system inputs and outputs for a
broiler production cycle are described in Figure 1.
The consumption of feed, water and electricity
has variations throughout the production cycle,
according to the age of the bird. The energy de-
mand for the Taretan farm is summarized in Table
1; for 1 000 broilers the demand is 22 834 MJ.
Therefore, the estimated energy productivity for
broiler live weight is 0.12 kg MJ~!, while the spe-
cific energy demanded is 9.2 MJ kg=!. About 98
% of the energy consumption is due to the heating
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Figure 1. Main inputs for the production of 1 000 broilers on a farm in the Municipality of Taretan in a 49-d produc-

tion cycle.

Table 1. Supply of inputs and energy demanded for the production of 1 000 broilers at a farm in the Municipality of

Taretan in a 49 d production cycle.

Time Feed . Water. Lighting Ventilation A". Heating
consumptlon consumptlon extraction
Week kg M m3  MJ hoMJ O KWh M) Kkwh MJ kg MJ
week LP gas
i 140 077 02 07 19 71 31 113 103 55 1166 57085
2 330 077 06 17 1.4 53 31 113 103 55 1156 5 708.5
3 580 077 11 31 0.09 35 31 113 103 55 1156 57085
4 670 077 13 36 0.49 1.7 31 113 103 55 1156 5 708.5
5 980 077 19 52 0 0 31 113 103 55 0 0
6 1250 077 25 67 0 0 31 113 103 55 0 0
7 2240 077 44 120 0 0 31 113 103 55 0 0
Total “per .90 54 124 334 49 178 22 79 72 385 462 22834
category
Cycle total = 23 354 MJ
GHG emissions 2.4 4 2.2 10 33 1157

(kgCO2eq)

Cycle total = 1 208.6 kgCO2eq

system, even though LP gas is required in only
four weeks of the production cycle. This coincides
with the figure reported by Sonesson et al. (2009),
who indicate that fuel consumption for heating
accounts for between 80 and 90 % of the total
energy used, which suggests an area of opportunity
in which strategies that reduce energy consump-
tion should be focused on. On the other hand,
an FAO study (2013) found that the energy con-
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sumption was 4.5 MJ kg~! carcass weight, which is
lower than that found in the present study, which
may be due to the fact that this study took into
account the energy consumed by the ventilation
and heating systems. In addition, the energy pro-
ductivity for broiler live weight of 0.12 kg MJ~! is
higher than that obtained in a simulation carried
out by Sefat et al. (2014), where they obtained an
energy productivity of 0.01 kg MJ™!, in which the
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Table 2. Specific energy for the production of chicken meat, pork and beef.

Category Poultry carcass Pork Beef

MJ kg~! MJ kg~! MJ kg~!
Electricity
Water supply 0.01 0.02 -
Lighting 0.01 0.05 -
Feed supply 0.002 0.02 -
Ventilation 0.03 0.20 -
Air extraction 0.15 - -
High-pressure wash - 0.03 -
Auxiliary heating - 0.19 -
Subtotal 0.20 0.51 2.34
LP gas heating 8.96 0.81 -
Diesel - - 7.92
Manure management - 0.02 -
Hot water - 0.12
Total 9.2 1.45 10.26
Source This study Lammersa et al. (2010)  Sonesson et al. (2009)

Table 3. COs eq emissions from different chicken meat production processes.
kg CO2 cq kg™! kg CO2 cq kg™! kg CO2 oq kg™t

Source of chicken meat  of pork carcass of beef carcass
This study 0.47, - -

This study 0.7a - -

Roy et al. (2011) 457, 5.57 343
Cederberg et al. (2009) 1.93a 34 19.8
Thynelius (2008) 1.5 - -

Williams et al. (2006) 7.3A - -

Wiedemann et al. (2017) 2.2% - -

¢ Live weight, A Broiler carcass weight, { C Frozen Chicken Meat .

energy contributions for feed production and ma-
nure management were considered. In comparing
the specific energy required for the production
of chicken meat (Lammersa et al. 2010) and
beef (Sonesson et al. 2009), they were found to
have similar values (Table 2), but they come from
different inputs, such as consumption of LP gas for
heating chickens and the consumption of diesel for
the machinery required for beef production.

The energy demand translates into 1 206.4
kg CO2 eq (Table 1). That is, 0.47 kg CO2 eq
are generated per kilogram of broiler live weight or
0.70 kg CO2 eq to produce a kilogram of carcass
meat. The farm’s CO2 eq emissions (Table 3) were
lower than those of other poultry systems (Thynelius
2008, Williams et al. 2006, Wiedemann et al. 2017)
and those reported for the production of pork and
beef (Roy et al. 2011, Cederberg et al. 2009).
However, it is necessary to take into account the
following considerations when comparing CO2 eq
emissions between livestock production systems: 1)
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differences in production systems evaluated, climatic
conditions and management practices of each farm;
2) the limits of research in each report vary, and 3)
some results were calculated on the basis of esti-
mates made in other countries, such as that of Roy
et al. (2011) made for meat production in Japan
and that of Cederberg et al. (2009) in Sweden.

The present study focuses on the energy con-
sumption inside the poultry house, but does not
consider the production of poultry feed, a process
reported as the largest energy consumer (Nguyen et
al. 2012, Wiedemann et al. 2017). The energy
used during the production of poultry feed was cal-
culated by Nguyen et al. (2012); if this value is
added to the figure already obtained, the estimated
GHG emissions per kilogram of broiler live weight
increases to 61.9 kgCO5 eq. According to Pelletier
(2008), feed provision accounts for approximately 80
% of the energy consumed and 82 % of greenhouse
gas emissions.

There are no national estimates for GHG
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Figure 2. Estimation of the contribution of poultry farming to GHG emissions in Mexico:

Agriculture Subcategory.

emissions from poultry farming in Mexico. However,
if the farm studied is considered to be typical in this
country, the results suggest that the GHG contribu-
tion by poultry farms would increase the emissions
reported for the agriculture subcategory by 13 %
(SEMARNAT and INECC 2013) (Figure 2).
Energy demand for the production of one
kilogram of chicken meat and the associated COq
eq emissions were determined; this information can
serve as a starting point to know the average ac-
tual energy consumption of the poultry industry in
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