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Environmental impact of the typical heavy pig production in Italy
Luciana Bava, Maddalena Zucali, Anna Sandrucci*, Alberto Tamburini, 2017. Journal of Cleaner Production

monogastrics, is greatly affected by the LUC accounting method; it also underlines the need of 

defining a standard widely accepted approach for LUC assessment in LCA studies on environmental 

impact of livestock. 

 

Figure 2. Contributions of different activities to environmental impact categories  

 

 

To reduce the effect of imported soybean on GHG emission of pork chain, the evaluation of protein 

sources grown locally could be proposed as suggested by Cederberg and Flysio (2004). According to 

Sasu-Boakye et al. (2014) local protein feed production presents an opportunity to reduce GHG 

emissions by about 4.5% for pigs. At the moment  PDO ham specifications represent an obstacle to 

change because the protein feed admitted in the diet of finishing pigs (> 80 kg BW) are very few in 

order to avoid the potential transfer of undesired flavors to the ham. 
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(Luciano Roppa et al., 2024).

https://www.teagasc.ie/publications/2023/national-pig-herd-

performance-2022.php

Năng suất chăn nuôi heo tại Iceland PSY (Việt Nam): 
2023 = 16,95 con

Tổng lượng thịt/ nái/ năm: 
2023 = 1.552 kg

Trọng lượng xuất chuồng: 
2023 = 91,55 kg
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Kiểm soát PCV2 theo bệnh học sinh thái

Trại Số biện pháp quản lý 

áp dụng

Tỷ lệ thiệt hại trung bình từ 

cai sữa đến xuất thịt, %

Trước Sau 3 tháng trước 3 tháng sau

1 8 15 19 3,7

2 7 19 12 3,0 

3 2 13 21,4 10,2 

4 7 16 20,3 5,8 

F. MadecGS. TS. Nguyễn Ngọc Hải               Khoa CNTY - Đại Học Nông Lâm
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following additional starting points to calculate the ammonia emissions from the different sources were 
used: 

• Emission from metal slatted floors: 0.24 kg/y (Groenestein et al., 2014). 

• Fouling of solid floor is reduced from 10 to 5% of the solid floor area by cooling the floor in the summer 
season (assumption). 

• The slanted walls form an additional source of ammonia. In a study of Aarnink et al. (2018) it was found 
that approx. 17% of the slanted wall at the solid floor side was fouled with urine and approx. 33% of the 
slanted wall at the wall side. It was assumed that the ammonia emission per m2 fouled slanted wall is 
similar as the emission from the manure pit. 

• Cooling the manure channel with the slanted walls to a temperature of 14oC the ammonia emission from 
this manure and from the fouled slanted walls can be reduced with approx. 50% (Aarnink et al., 2023). 

• Because pigs generally don’t excrete where they are eating and lying, it was expected that only a small 
part of the manure is produced in the front manure pit (Aarnink et al., 2018) and that by starting with a 
layer of 20 cm of water in combination with spoiled drinking water from the drinking nipples, the manure 
would be diluted with a factor 5. Because of the linear relationship between TAN concentration and 
ammonia emission (Aarnink and Elzing, 1998), ammonia emission from this manure pit is expected to be 
reduced with the same factor as the dilution factor. 

The finally designed pen is given in Figure 2. It was expected that this pen design would achieve an ammonia 

emission reduction of 75% when compared with the reference pen in Figure 1. 
 

Figure 2: Newly designed pen for growing-finishing pigs with an expected low emission of ammonia. The green 
blocks give the estimated ammonia emission from the different sources in kg/y per animal place. Expected 
ammonia emission reduction compared with reference pen: 75%. 

finishing pigs in the Netherlands is given in Figure 1. The estimated ammonia emissions from the different 
sources are based on the following starting points (Aarnink et al., 2023): 

• Emission from the manure pit: 4.2 kg per m2 emitting area per year. 

• Emission from concrete slatted floors: 0.75 kg/y per animal place. 

• Emission from fouled solid floors: 4.3 kg per m2 emitting area per year. 

• Fouled solid floor: 10% of solid floor area. 

These starting points are valid for an average situation at Dutch fattening pig farms. Ammonia emissions per 
m2 are depending on a lot of factors, especially related to the diet, determining the TAN concentration and 
the pH of the manure, and related to indoor climate and airflow patterns. In this study we are especially 
interested in relative differences and to a lesser extend in absolute emission values. Therefore, to simplify 
the design study, these standardized emissions per m2 have been used. 

 

Figure 1: Typical pen design for growing-finishing pigs in the Netherlands. The green blocks give the estimated 
ammonia emission from the different sources in kg/y per animal place. 

 

From the reference pen as given in Figure 1, a new pen design was made with an expected high reduction of 
ammonia emission. The following reduction principles were used: 

• Reducing the emitting area 

• Lowering the manure temperature 

• Lowering the TAN concentration by dilution with water 

The emitting area was reduced by decreasing the slatted floor area, and at the same time increasing the solid 
floor area, by using slanted walls in the manure channel, by daily removal of the slurry (by flushing with 
manure from another room), by using metal slatted floors, and by reducing pen fouling. The manure 
temperature was lowered by cooling the slanted walls with ground water. The TAN concentration in the 
front manure channel was lowered by starting the fattening period with a layer of water in this channel. The 
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Abstract 

This paper describes the development and validation of a housing system for growing-finishing pigs with an 
integrated solution for source oriented measures to reduce emissions of ammonia, greenhouse gases 
(methane), and odor. In the development phase a simple calculation tool was used to make an estimate of 
the ammonia emission that could be expected. In the validation phase the system was tested on two farms 
in a case-control setup. Preliminary studies were done to determine the effect of cooling and flushing on the 
ammonia emission. From this study the following can be concluded: - a rather simple model can be very useful 
in design studies to reduce (ammonia) emissions; - cooling of manure is effective in reducing ammonia 
emissions, but is less suitable in combination with a biogas digester; - ammonia emission only showed a minor 
rise during flushing of manure; - the designed low emission housing system, with daily removal of manure, 
small emitting area and diluted manure, lowered ammonia emissions by 54%, methane emissions by 90%, and 
odor emissions by 28%; - reductions of ammonia and odor can be increased by good management of the 
whole system. 
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Introduction 

The Netherlands has the highest nitrogen emission level per square kilometer from all countries in Europe. A 
large part of it is coming from livestock production, mainly in the form of ammonia. While nature areas are 
threatened, these emissions should be reduced. Therefore a program has been started to test innovative 
systems at commercial farms that not only mitigate the emission of ammonia, but also of methane, and odor. 
To create a win-win situation it is not only stimulated to reduce emissions to the environment, but also to 
improve indoor climate by reducing emissions at the source. In the Netherlands, more than 50% of the pigs 
are housed behind air scrubbers. Although air scrubbers are very effective in reducing emissions of ammonia 
and odor to the environment, they fail to improve the indoor climate and they cannot remove the methane 
from the air. The source oriented innovative systems are generally based on one or more of the following 
principles: - frequent and complete removal of manure (flushing, scraping, belt); - separation of urine and 
feces; - cooling of manure; - dilution of manure; - optimizing indoor climate (e.g. cooling in summer); - 
reducing the emitting area. Within this paper a description is given of the development and validation of a 
housing system for growing-finishing pigs with an integrated solution for source oriented measures to 
reduce emissions of ammonia, greenhouse gases (methane), and odor. In the development phase a simple 
calculation tool was used to make an estimate of the ammonia emission that could be expected (Aarnink et 
al., 2023). In the validation phase the system was tested on two farms in a case-control setup. Preliminary 
studies were done to determine the effect of cooling and flushing on the ammonia emission. In the next 
paragraphs the design study, the preliminary studies and the validation study are presented. 

 

Design study 

The design study was especially focused on emission reduction of ammonia but an important boundary 
condition was that methane emission should be (highly) reduced, as well. A typical pen design for growing- 
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The emission of noxious gases is a significa nt  problem in pig production, as it can lead to 

poor production, welfare concerns, and environmental pollution. The noxious gases are the 

gasses emitted from the pig manure that contribute to air pollution. The increased concentra-

tion of various harmful gasses can pose health risks to both animals and humans. The major 

gases produced in the pig farm include methane, hydrogen sulfid

e

, carbon dioxide, ammonia, 

sulfur dioxide and volatile fatty acids, which are mainly derived from the fermentation of un-

digested or poorly digested nutrients. Nowadays research has focused on more holistic ap-

proaches to obtain a healthy farm environment that helps animal production. The use of pro-

biotics, prebiotics, dietary enzymes, and medicinal plants in animal diets has been explored 

as a means of reducing harmful gas emissions. This review paper focuses on the harmful 

gas emissions from pig farm, the mechanisms of gas production, and strategies for reducing 

these emissions. Additionally, various methods for reducing gas in pigs, including probiotic 

interventions; prebiotic interventions, dietary enzymes supplementation, and use of medicinal 

plants and organic acids are discussed. Overall, this paper provides a comprehensive review 

of the current state of knowledge on reducing noxious gas in pigs and offer s valuable insights 

for pig producers, nutritionists, and researchers working in this area.
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INTRODUCTION

In recent decades, livestock production has shifted to large-scale operations with intensive conf nement, 

improved ef ciency as well as a large amount of waste. Among other livestock sectors, pig production 

is an important industry that provides a valuable source of protein for human consumption. In 2022, 

114 million metric tons of pork was produced worldwide [1]. As the pig industry grows day by day, 

waste management is also becoming important because harmful gases emit from manure. Animal 

manure decomposition is known to produce over 130 distinct gases including ammonia, hydrogen 

sulf de, carbon dioxide, and sulfur dioxide [2]. Excessive gas production not only af ects the health and 

welfare of pigs but also increases the cost of feed and manure management, as well as the emission 
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manure decomposition is known to produce over 130 distinct gases including ammonia, hydrogen 

sulf de, carbon dioxide, and sulfur dioxide [2]. Excessive gas production not only af ects the health and 

welfare of pigs but also increases the cost of feed and manure management, as well as the emission 
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preprocessed by the End Point to clean and prepare them for

further analysis; afterwards, the prepared data are sent to the

network layer via LoRaWAN, in which an IoT LoRa Gateway

(Dragino LPS8-868 indoor gateway) receives theLoRa packets

(step 2) and transmits them to The Things Network (TTN) V3

LoRa network via the Internet (step 3). TTN V3 processes the

LoRa packets and confirms their origin from an authenticated

device, in which the payload is formatted to convert them into

a JSON format (step 4). Subsequently, through an Message

Queuing Telemetry Transport (MQTT) gateway programmed

in Python, the JSON data are collected from the LoRa network

(step 5) and transmitted to the ThingsBoard Community

Edition (TBCE) IoT platform via MQTT at the application

layer (step 6).

The TBCE does not directly support nested JSON objects

generated by TTN. However, although TBCE offers a specific

application for this task, called ThingsBoard IoT Gateway,

a Python script has been created in the Edge that, using

the Eclipse Paho MQTT and JSON libraries, serves as a

transparent gateway between the MQTT broker of TTN and

TBCE. At this point, another preprocessing is performed to

the data to validate incomplete or wrong values. In order to

correct miss or wrong values, the last valid reading for the

respective animal is recovered from the database to substitute

the wrong value or fill the missing value. To keep trace of

such as situations, the incident is recorded in a log report,

indicating the serial number of the smart-scale and the invalid

or missing value(s) of Live Weight, animal identification,

or the Back Fat Thickness. Once data are validated, the

TBCE receives the JSON packets and calculates the Degree

of Body Reserves of animals, according to Eq. (1) and Eq. (2)

(step 7); the TBCE is also responsible for storing the data

in the PostgreSQL database (step 8). Likewise, these data

feed the dashboards (step 9) and the alarms (step 10) that

may have been configured. The IoT platform updates the

information displayed on the dashboard, showing thedata from

the last reading, time series graphs, historical tables that allow

searching and filtering of the data, and warnings of varying

severity generated by the IoT platform. Reports can be filtered

or sorted by individual, by herd, by smart-scale, by dates or

by Degree of Body Reserves. Other analysis can be done to

the received data and sent directly to the end user via email, in

which case it would be necessary to have an external SMTP

provider. In this work, the SendGrid communication platform

has been used with a Google account.

As a proof-of-concept, we have developed a prototype of

this proposed IoT system architecture. In the following, we

provide a more detailed description of each layer of the IoT

architecture and the justification of decisions made in its

implementation.

A. Perception Layer Development

Thedevelopment of the perception layer consists of defining

and implementing the sensory and the IoT node (i.e., the End

Point) components, which are integrated into a smart-scale.

Thus, the smart-scale consists of the sensory part (i.e., load

sensors, an RFID reader, and an ultrasonic sensor) and the

End Point (an Arduino device), as shown in Figure 4. For

Fig. 3: General architecture of the proposed IoT-based Infor-

mation System.

each animal passing through the smart-scale, the load sensors

catch the weight, the RFID reader identifies the animal, and

the ultrasonic sensor catches the Back Fat Thickness (this

ultrasonic sensor is simulated by software in the prototype

developed). These data are collected directly by the End Point

(the Arduino device).

Fig. 4: Smart-scale: Schematic assembly of HX711 module

and load sensors.

1) Sensory Component: The first component within the

perception layer of any IoT system implementation comprises

sensors and actuators, in addition to other peripherals [45].

In the current version of our IoT architecture, there are no

actuators, in the sense that no electronic component allows

modifying what happens on the smart-scale. Sensors must be

capable of collecting measurements of Live Weight, Back Fat

Thickness, and identifying the animal on the smart-scale. In
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the sows could be considered to be monitored during their

reproductive process [16]:

• Live Weight defines the weight of breeding sows in their

natural state in Kilograms (Kg). Livestock scales are used

to obtain this value; there exist more advanced scales

that also provide automatic identification of the animal

by Radio Frequency Identification (RFID) tags.

• Body Condition establishes a five-level categorization to

define the body condition of breeding sows. An integer

between 1 and 5 represents these levels (see Figure 1)

and is typically estimated by an experienced farmer by

using palpation and direct view of the animal [17].

Fig. 1: Different body conditions of breeding sows

• Back Fat Thickness is a measurement in centimeters

(cm) of the depth of the level of fat that breeding sows

have on their back. This value is typically taken manually

by farm operators by using cordless and battery-powered

sounding lines or infrared scanner approximately over the

area of the last rib, about 6 or 7 cm from the spine [18].

Currently, the technique to establish the condition of the

sows in terms of their energy reserves, for practical reasons,

is usually established based on only one of the above phys-

ical characteristics in an inefficient way, with the need for

direct human intervention, and in an non-objective way. To

improve and evolve this manual technique, it is necessary the

automation and parallel reading of objective values of Live

Weight and Back Fat Thickness, which should be correctly

preprocessed and applied to calculate thesowsenergy reserves.

In this way, it is possible to obtain a specific value, that we

call Degree of Body Reserves, which categorizes the state of

lipid and protein reserves of breeding sows by using a value

from 1 to 5. These levels are comparable to those of Body

Condition, but intended to be estimated in an objective and

automated way, considering the Live Weight and the Back Fat

Thickness, which are more objective factors. Thus, the Degree

of Body Reserves is more precise and useful [17], [18].

To cover breeding sows control, and other related aspects

to the automation of swine farms, the IoT tools and tech-

nologies seem appropriate to achieve efficient and intelligent

automated solutions. In particular, in this work, we address

the breeding sows’ control by proposing an IoT system able

to monitor and manage the information related to theDegreeof

Boby Reserves, the Live Weight, and the Back Fat Thickness

of the animals responsible for breeding [19]. There are many

potential benefits of controlling and knowing how to manage

these measures of breeding sows physical conditions, such as

the increase in the number of live offspring born, the decrease

in the interval time between weaning and insemination, better

development of gilts, better farrowing rate, and even early

detection of diseases.

I I I . RELATED WORK

Existing solutions have demonstrated that IoT-based solu-

tions for pig farming arebeneficial and have successfully been

applied in several areas of smart swine farms in combination

with other advanced technologies. Several researchers have

recently published survey or review papers highlighting the

use of such as technologies in smart pig farming.

Wang et al. [20] present a study on the usage of Computer

Vision and AI techniques used in smart pig farming, with

applications on pig detection [21], [22], pig tracking [23], and

pig behavior detection, such as pig drinking behavior [24],

pig mounting and estrus [25], and aggressive pig behavior

recognition [26]. Zhou et al. [27] present the result of studying

how the use of new technologies has increased productivity

and efficiency while lowering production costs in large-scale

pig farms in China and how these techniques could help

medium to small-size producers, which represent about 90%

of the production in the country. While the work of Zhou et

al. suggests the importance of encouraging the deployment of

large-scale pork farms, we believe these improvements could

lead small-sized producers to increase the benefits from their

activity and not be forced to close. A recent study that provides

insights into the application of AI, Big Data, and IoT in

breeding sows is presented by Garcı́a-Vázquez et al. [28],

who survey successful solutions from the perspectives of both

welfare and reproductive management of sows and semen

quality and health of boars.

These three studies demonstrate that the combined capa-

bilities of advanced technologies, such as IoT, AI, Big Data,

and Cloud technologies, are particularly useful for improving

health monitoring and management practices, as well as en-

hancing reproductive processes in smart swine farms, offering

precision, efficiency, and sustainability.

In order to compare our solution against other solutions in

pig farming, in the following we describe some recent and

relevant initiatives, and summarize them in Table I.

Lee et al. [29] estimate the growth performance of the

pigs comparing several Machine Learning techniques using

environmental variables, like temperature and humidity, farms’

characteristics, like number of pigs and stocking density, and

pigs conditions, such as initial age and body weight, which

were manually acquired and stored in a dataset. The growth

performance is measured in terms of average daily growth

in weight, required growth period, the feed intake, and the

number of marketed-pigs per sow per year. Leonard, et al., [30]

propose a time-of-flight depth imaging system to monitor the

behavior of sows and piglets based on Kinet V2 depth camera

to capture videos an autonomous machine vision system to

process them. The system is able to identify the hourly

and daily posture (i.e., sitting, standing, kneeling, lying) and

behavior (i.e., feeding, drinking, other) of sows and piglets

housed in individual farrowing stalls.

Ho et al. [31] propose an approach to recognize the lactating

frequencies of sows, localize and track individual piglets, and
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• Thevisualization moduleprovidesfarmerswith visual information and displaysvalid

information output from other modules.

Figure 1. Precision pig farming framework.

Precision pig farming usestechnologiessuch asIoTand AI tocontinuously monitor

pighealth and welfarewith thefollowing main functions[33]: (1) TheIoT ismainly used

in thedesign and layout of temperature, humidity and other sensors, aswell asassociated

networking equipment and data collection. The industrial Internet is mainly used to

transmit thedata to theserver; AI and cloud computing aremainly applied to feature

extraction, dataanalysis, modeling and decision-making [34–36]. Herereliability isoneof

thekeysto theearly successof thedeployment of precision pig systems[37,38]. (2) The

intelligent analysissystem transformsthedataof animal responsecharacteristicsmeasured

by camerasand microphonesinto key indicator information and analyzesthem through AI

and machinelearning methodsfor thefinal decision of pigmanagement [39]. (3) Optimize

theproduction/ reproduction process to avoid over-feeding, reducefarming wasteand

costsand makelivestock farming moresustainable in economic, social and environmental

aspects[17,40,41]. TheAI, IoTand smart sensorscontinuetodrivethedevelopment and

application of precision pig farming systems. A vision of precision pig farming technology

implementation can be seeb in Figure 2 [17,37,42].
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pighealthandwelfarewith thefollowingmain functions[33]: (1)TheIoTismainly used

inthedesignand layout of temperature,humidity andother sensors, aswell asassociated

networking equipment and data collection. The industrial Internet ismainly used to

transmit thedatato theserver; AI and cloud computing aremainly applied to feature

extraction, dataanalysis, modelingand decision-making [34–36]. Herereliability isoneof

thekeystotheearly successof thedeployment of precision pigsystems[37,38]. (2) The

intelligent analysissystemtransformsthedataof animal responsecharacteristicsmeasured

by camerasandmicrophonesintokey indicator information andanalyzesthemthroughAI

andmachinelearningmethodsfor thefinal decisionof pigmanagement [39]. (3)Optimize

theproduction/ reproduction processtoavoid over-feeding, reducefarmingwasteand

costsand makelivestock farmingmoresustainableineconomic, social andenvironmental

aspects[17,40,41]. TheAI, IoTandsmart sensorscontinuetodrivethedevelopment and

application of precisionpigfarmingsystems. A visionof precisionpigfarmingtechnology

implementation can beseeb in Figure2 [17,37,42].
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Figure 2. Implementation of precision pig farming technology.

3. AI-Based Intelligent Equipment for Precision Pig Farming

AI-based intelligent equipment occupiesan important position in theprecision pig

farming system and is the material prerequisite for the realization of farming applica-

tions[17,37,42]. In themodern pig farming industry, equipment isachannel for obtaining

and transferring data, and intelligent equipment with edgeAI canprocessand analyzedata

on-site, which ishelpful for making fast management decisions. Theintelligent devicehas

an effectiveexecution function and can issuecorresponding execution instructionsto itself

or other intelligent deviceswith thecurrent monitoring conclusion so that thebreeding

environment can reach thebest stateof scientificbreeding and thusreduceepidemicand

increase income.

AI-based intelligent equipment for precision pig farming iscurrently implemented

in product traceability, behavior monitoring and sound monitoring [35,43–45]. In terms

of traceability, variousprocessessuch asproduction, processing, storage, distribution and

retail have been improved by capturing information using IoT and various sensors (radio

frequency identification (RFID)) [35]. When peoplefind that food hasquality or safety

problems, they can locatetheproblemaccording to theproduct’s traceability system and

then locate the cause.

Studies haveshown that existing precision pig farming monitoring systems usea

variety of sensor technologiestomonitor multipleaspectsof apig’s life[27]. Among them,

theground weighing scalescollect theweight of thepig, themicrophoneisused tomonitor

thepig’ssound, thethermal cameramonitorsthepig’sbody temperaturedistribution and

theinfrared thermometer measurethepig’s temperature[11]. Moreover, each pigcould be

accurately and effectively monitored through RFID technology, and thetemperatureof the

pigear rootscould beobtained by using theDS1992iButton temperaturesensor [46]. To

study therelationship between feed intakeand pig growth rate, RFID technology wasused

to identify pigs, load cells and feed through load cells collecting weight data and pig feed

intakedata, and transmitted thecollected datato theserver through thenetwork [47]. To

solvetheproblemsof low automation and high cost of artificial pig feeding, researchers

havedesigned an intelligent automatic feeding systemfor livepigsbased on embedded

advanced devicesand RFID [45], RN30, RN31, RN32, RN33. Thesystem iscomposed of a

control system, sensorsand other mechanical equipment. Thecontrol system isused for

precisebatching, and themechanical equipment isused torealizeautomaticmixingand

precise feeding.

With thedevelopment of visual AI, theuseof pig soundsand imagescombined with

deep learning modelsaremorefavorable in precision pig farming. Therearetwo main

waystocollect datausing surveillancecameras. Thefirst way istofix surveillancecameras

on top of thepigsty, which usesthetop-view method tocover theentirepigsty (Figure3a)

and collect more information on pig backs [48–52]. The second approach collects pig

videosfromtheside-view, which recordsmoreinformation on pig legsand trucks[53–55].

Similarly, thesound acquisition equipment isused to obtain thesound of pigs, and the

Wang, S. et al., 2022. The Research Progress of Vision-Based Artificial 
Intelligence in Smart Pig Farming. Sensors.
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