CIGR-AgENg conference Jun. 26-29, 2016, Aarhusiriaéen

Use of dynamic systems to propose a maximum valuéammonia emitted from manure by laying hens

Luis G. F. Fran¢a®", Richard Stephen Gate Ilda de Fatima Ferreira Tindcd®, Matteo Barbari®

& Department of Agricultural Engineering Federal Uity of Vigosa, Brazil
b University of lllinois at Urbana-Champaign, USA
‘Department of Agricultural, Food and Forestry Syste- GESAAF, Universita degli Studi Firenze, Italy
* Corresponding author. Email: luisgustavo2f@gmaiinc

Abstract

It is estimated that the world production of eggsldying hens, in 2015, was 71.5 million tons. Weserved an
average annual growth of the sector in the lastelts, from 1.5% a year. Will be expected, for 2@8froduce around
86.8 million tons. This rise in production is attited to vertical systems for industrial rearinglafing hens. The
facilities have batteries of overlapping cages.sEhkatteries may have several floors of cagestsmtdieen each stage
there is a manure belt, to facilitate removal tbéfeom within the production facilities. Being fulautomated, the
vertical aviaries offer considerable increase pobgity when compared with conventional productisystems. This
results from the increased efficiency in the hogdaying hens / m2. In this scenario it is possthie accommodation of
50.000 to 400.000 hens in one aviary. It is obgkiwethis model creation, a higher concentratiorbiofls in confined
spaces, which generates result, higher manure ntatiens. Emerging concerns about pollution causgdmproper
disposal of manure, or even, its management oerkizonment. The formation of some types of inoiga®erosols in
the atmosphere, it is associated with ammoniagfNdrhitted by laying hens creations. These molecptesent in the
atmosphere, leverage the greenhouse effect, beiegtlg related to climate changes. This work aintedcreate
diagrams that inter-related the physical, cheméeal biological factors, with the production and gsin of NH from
the laying hen manure. Besides that, it was udiegsiystem dynamics to propose a maximum potemtiahtission of
NH3. A causal diagram has been created listingstbps of NH generation. These data were analyzed computalyonal
by Vensim program. It is possible to determine aimam emission potential for this gas, equal to564.of the total
nitrogen excreted by the laying hens.
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1. Introduction

In 2015, Brazil's capacity to host the productidreggs flock was 91.2 million laying hens. As adiegy producer,
Séo Paulo, Minas Gerais, Espirito Santo and Matis§&r (ABPA, 2016).

According to Coelho et. al., (2015) in Brazil mo$the facilities for the creation of laying herre @pen and vertical
systems. Getting to house 120,000 birds in a simgkallation. It is observed in this model creatia higher density of
birds per unit area. Accordingly, expected thatighér number of birds per square meter, produacgetavolumes of
manure per area.

The main environmental problems associated withteydsom poultry, are related to the generation amission of
ammonia. Baek and Aneja (2004), in their studieaate the formation of some types of inorganimsas in the
atmosphere with the release of ammonia. Pilewski®7) points out that these molecules present énatinosphere
potentiate the greenhouse effect is directly rdlabeclimate change.

Environmental factors such as temperature andvelatimidity, and management, as the levels ofequtein and
energy feed, can influence the uric acid excretia of laying hens (Hsu et. al., 1998).

From the foregoing, it is clear that the systemadgits (SD) can be an important tool in analyzing addressing the
interrelations process of excretion of uric acictiwy hens.

2. Materials and Methods

System Dynamics (System Dynamics) is above allnguage allowing to express, more properly, exjstimains of
events in nature. Through the use of diagrams eatlidplayed graphically a system.

VenSim® the computer program was used to genehnatelésired diagrams. The database that will feed/gmsim
consisted of a literature review of pre-existingdsts, which we will mention below.

We can cite the work of HSU et al. (1998), where duthors realize that there is a significant erfice of nitrogen
excretion rate (in the form of uric acid) in birdsmpared to the ambient temperature. The pH ofeniastnother factor
that has significant influence to determine thesla$ nitrogen from waste to the atmosphere as anan@@ay &
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Knowlton, 2009). The pH range between 9 and 10 mecdsthe formation of NHrom the above two processes. The
variation of moisture content of laying hens wastehe degradation of uric acid was studied by Kaep (1994).

3. Results and Discussion

The data gathered from literature reviews wereredtén the causal diagram constructed in VensinenTe generate a new
diagram, flow-stock depicted in Figure 1.
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Figure 1: Diagram generated by VenSim

After insertion of data in the software, where mdation predicted that the maximum percentage4éb ®f total
nitrogen found in the manure of hens was carriddimas the potential to be converted to ammonigu(féi 2). Recalling
that this condition is hypothetical and provide theaximum potential emission (according to the étare review and
presented previously). The data used to make ithislation are shown in Table 1.

Each case can be evaluated individually, feedimgdiagram generated by Vensim. For the simulatieriopmed
generated the graph shown in Figure 2 as result.

The percentage of 64% of the total nitrogen presetite conversion of laying hens in ammonia wagis obtained
by the analysis conducted by Vensim to the paraimétehe interrelations provided to the program.
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Figure 2: Maximum ammonia emission potential fofmdthe conditions tested

4., Conclusions

The system dynamics is presented as a promisingdamalyze the generation and emission of ammfroia the
manure of laying hens. Additional studies to adjhst displayed flow model and inventories are beiogducted. We
realize that by using this tool, we can predict hmuch will be the maximum emission of ammonia t® tight location
using the local environmental conditions.
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