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ammonia (NHs), can cause stress, impair respiration in the birds, reduce
egg production, and increase their disease susceptibility. Therefore, this
study presents an loT-based monitoring system built on an Arduino
ESP32 microcontroller and integrated with DHT22, MQ-135, and
MQ-137 sensors for measuring key environmental parameters in poul-
try houses. The system monitors temperature, humidity, NH;, and CO,
in both closed and open laying hen housing systems. Environmental
data were stored in the cloud to enable remote, real-time monitoring and
subsequent analysis. The results showed that closed housing systems
are more suitable for regulating temperature and humidity while kee-
ping gas levels within permissible limits inside poultry farms, thus le-
ading to improved egg production. The proposed loT-based monitoring
system offers a practical tool for improving poultry management and
reducing losses associated with poor air quality, ultimately helping far-
mers enhance production efficiency.

Introduction

Poultry farming plays a vital role in food and nutrition security and in supporting rural

livelihoods, particularly in developing countries. It provides an affordable and reliable source
of high-quality protein in the form of eggs and meat, while also contributing to income ge-
neration for smallholder farmers, promoting gender-inclusive employment, and supporting
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broader socio-economic development (Attia et al., 2022; Honyal et al., 2025). Thus, the sec-
tor plays a critical role in driving economic development, particularly through substantial
growth in egg and meat production, which supports income generation and contributes to the
national economy (Barnwal et al., 2021). The efficiency and sustainability of poultry produc-
tion, however, are strongly dependent on the environmental conditions maintained within
poultry houses. Microclimatic factors such as temperature, relative humidity, and concentra-
tions of harmful gases, including ammonia (NHs) and carbon dioxide (CO-), have a direct
and measurable influence on bird health, growth performance, feed conversion efficiency,
and overall productivity (Abbas & Comini, 2025; Dawkins et al., 2004; Lin et al., 2006).

Optimal thermal conditions should be aimed at maintaining metabolic balance without
causing heat or cold stress to the poultry. The most critical factors affecting bird performance,
feeding efficiency, and good health are ambient temperature and humidity. Proper tempera-
ture helps to stabilize body functions, thus reducing heat stress. Relative humidity should be
carefully controlled to reduce litter moisture and prevent respiratory diseases (Lin et al.,
2006). Appropriate adjustment of these parameters ensures suitable environmental conditions
that support animal welfare and optimal production performance. NHs, as a byproduct of uric
acid breakdown by bacteria in the poultry droppings, should not exceed 25 ppm because high
concentrations are detrimental, causing respiratory stress, immunosuppression, and damage
to the cornea in the eyes of the birds; moreover, it reduces eggshell formation by the birds
(Al Homidan et al., 2003; Miles et al., 2004). One of the main by-products that must be
monitored is CO,, since high concentrations (>2500 ppm) are correlated with reduced avai-
lability of oxygen and increased bird mortality (Lashari et al., 2023). Temperature has a si-
gnificant effect on NH; and CO; concentrations in the air of laying hen houses. The tempe-
rature, relative humidity, and NHj levels widely affect the health and productivity of laying
hens (Kilic & Yaslioglu, 2014). Optimum recommended conditions are 18°C for tempera-
ture, 50-70% for relative humidity, low concentration of NHj, since high levels are very de-
trimental to the required welfare and performance of the birds (Prodanov et al., 2016). Feed
consumption and egg quality (measured as shell thickness and egg mass) were lower at higher
NHj3 concentrations (Li et al., 2020). Results of the investigation conducted by (Kim et al.,
2024) showed that under heat stress in laying hens expressed by the temperature humidity
index, levels are significantly low in feed intake, egg production, and quality of eggs, together
with some imbalances of blood electrolytes. These findings highlight the need for effective
environmental management to ensure poultry health and productivity under heat stress con-
ditions.

Maintaining good environmental conditions in poultry houses can be somewhat costly,
but the losses resulting from poor air quality, including reduced bird health and productivity,
have far greater economic consequences (Prodanov et al., 2016). Smart sensing technologies,
Internet of Things (IoT) monitoring systems in a poultry house, are a cost-effective, real-time
practice, solving today's environmental issues by making systems that enable steady data
collection and timely interventions for maintaining ideal housing conditions, besides redu-
cing stress on the part of production outcomes (Orakwue et al., 2022); Rawdhan et al. (2026).
(Binisha et al., 2024) designed an IoT system for monitoring temperature, humidity, NHs,
and CO; levels in poultry farming. (Ahmed et al., 2024) proposed a smart poultry monitoring
system that adopts IoT sensors to detect and monitor chicken behavior in poultry farms. (Alvi
& Mondal, 2023) proposed a low-cost IoT-based sensing device for monitoring of CO», NHs,
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temperature, and humidity in poultry facilities. It is meant for low-resource settings, for re-
mote real-time monitoring as well as automatic control of gas levels, offering a pragmatic
solution for the environmental control of developing countries. Continuous assessment and
control of temperature, humidity, NHs, and CO: levels are essential to ensure bird welfare
and to reduce productivity losses in commercial poultry farms. This study aims to design and
implement an loT-based monitoring system based on Arduino ESP32 to monitor environ-
mental parameters, such as temperature, humidity, NHs, and CO: levels, in closed and open
poultry houses.

Materials and methods

Experimental design

The experiment was conducted at the Poultry Research Directorate, Ministry of Agricul-
ture, located in Abu Ghraib district, Baghdad city, Iraq, during January 2025. The study ai-
med to evaluate the indoor environmental parameters and productivity in two poultry housing
systems (Figure 1), first a closed system and the other is open system, using Arduino-based
sensor technology. The open system utilizes natural ventilation, whereas the closed system
features well-insulated conditions with mechanical environmental control. Each system ho-
used 30 laying hens; the dimensions were 5 x 1.5 meters. The environmental sensors were
placed at a height level of 70 cm above the floor, which is close to the normal breathing level
of the birds, in a way that ensures that the measured air quality represents what the birds
experience. Hence, this height helped protect the sensors from damage that is caused by the
birds, dust, litter movement, and routine activities inside the poultry house. In this experi-
ment, Iraqi local brown laying hens were used at 43 weeks of age, with a body weight ranging
from 1850 to 1950 g. At this age, the birds were in their active laying period. All hens were
maintained under identical management conditions, including feeding and housing,
throughout the 25-day experimental period.

Closed system Open system

Figure 1. Photographs of the open and closed poultry housing systems.
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Environmental parameters monitoring system

In this study, an IoT system was designed to monitor the temperature, humidity, NHs, and
CO; levels in both open and closed poultry housing systems. To monitor environmental pa-
rameters with accuracy, cost-effectiveness, and affordability, a custom-built electronic data
acquisition system was developed using the Arduino ESP32 microcontroller unit. The ESP32
unit was selected for its low cost, wide availability, and ease of use, making it accessible for
a broad range of users and applications. The IoT system was designed to continuously read
data from gas and climate sensors, then transmit the readings to the user via Google Cloud,
enabling real-time monitoring and informed decision-making. Every sensor provided indivi-
dual readings that were calibrated according to experimental requirements. Users also had
the option to recalibrate sensors to suit specific conditions or accuracy needs. The layout of
the TIoT data monitoring system is illustrated in Figure 2.

Arduino ESP32

MQ‘B”&—! Cloud
MQ-135 g‘} -

' s\VA "

DHT22 H ‘“\\

Figure 2. Schematic diagram of an IoT system for monitoring environmental parameters.

The IoT hardware components are as follows:

(a) Arduino ESP32: The ESP32 board, designed by Expressive Systems, is characterized
by a dual-core processor (up to 240 MHz) and 520 KB of RAM, supporting diverse digital
communication protocols such as I?C, SPI, UART, PWM, ADC, and DAC. Its architecture
(Tensilica Xtensa LX6) is well-suited for IoT applications, offering low power consumption
and various connectivity options. The ESP32 unit served as the core processing unit for the
entire system.

(b) DHT22 temperature and humidity sensor: The DHT22 sensor was used to monitor
the ambient temperature (°C) and relative humidity (%) within each poultry house. It provi-
des reliable readings with adequate/ enough accuracy for indoor environmental applications.
DHT22 uses a capacitive humidity sensor along with a thermistor for temperature measure-
ment and communicates via a single digital signal. It works at a voltage of 3—5V, making it
compatible with the ESP32 unit. The DHT22 sensor was selected due to its suitability for
real-time indoor environmental monitoring.
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(c) MQ-135 gas sensor: The MQ-135 sensor is designed for air quality monitoring, with
high sensitivity to multiple gases, including NH3, CO», benzene, alcohol, and smoke. It ope-
rates based on changes in the conductivity of tin dioxide (SnO2) in the presence of target
gases. In this study, the MQ-135 sensor was used to detect CO; levels.

(d) MQ-137 gas sensor: This sensor is optimized for NH3 detection and utilizes metal-
oxide semiconductor technology. Its sensitivity response to NHs ranges from 10-300 ppm,
with the added ability to detect minor levels of methane and hydrogen. The change in con-
ductivity upon gas exposure is converted to an electrical signal, which is in turn processed
by the ESP32 unit.

To ensure uniformity in data collection, all sensors were installed centrally inside each
poultry house at a height of 70 cm above ground level, as shown in Figure 3. This placement
of sensors reflected the actual environmental exposure experienced by the hens. All gas sen-
sors are calibrated using a portable multi-gas analysis instrument (model S360, China). The
DHT22 sensor for temperature and humidity is calibrated using a digital thermometer hygro-
meter (model: HTC-1, China).

Figure 3. Photograph of environmental sensor installation locations: (a) closed and (b) open
poultry housing systems

Measurements and statistical analysis

In this study, the temperature, humidity, NHs, and CO, levels were measured and quanti-
fied in both open and closed poultry housing systems every 5 minutes over 25 days of the
experiment. Also, egg production was recorded daily for each housing system. Productivity
was expressed as the average number of eggs per day for each system, and values were ga-
thered for analysis over the period of 25 days.

Descriptive statistics, including mean, median, standard deviation, minimum, and maxi-
mum recorded values, were computed for all measured variables. To assess and compare the
significance of differences between the two housing systems, independent samples t-tests
were performed and used for each parameter using Origin Pro 2024b. Statistical significance
was determined at the p < 0.05 level. Additionally, correlation analysis was conducted to
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evaluate the relationship between environmental parameters, using Pearson’s correlation
coefficient.

Results and discussion

Hourly and daily monitoring of environmental parameters in closed and open
poultry housing systems

The hourly variations of environmental parameters — temperature, relative humidity, NHs,
and CO: — recorded in the open and closed poultry housing systems are presented in Figure
4. Temperature profiles (Figure 4a) indicate that the open housing system exhibited greater
variability throughout the day — reflecting its dependence on external weather conditions. In
contrast, the closed housing system maintained more stable thermal conditions due to insu-
lation and mechanical control.
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Figure 4. Hourly monitoring of environmental parameters: (a) temperature, (b) humidity, (c)
CO;, and (d) NH;s recorded in closed and open poultry housing systems during an experi-
mental day in January 2025
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Relative humidity data (Figure 4b) demonstrate greater stability in the closed housing
system — indicating higher microclimatic control — whereas humidity levels in the open sys-
tem were strongly influenced by external ambient conditions. Carbon dioxide concentrations
(Figure 4c) followed similar daily patterns in both systems; however, the closed system sho-
wed higher but more stable CO: levels, while the open system exhibited greater temporal
fluctuations. Ammonia concentrations (Figure 4d) were consistently higher in the closed ho-
using system — primarily due to reduced ventilation and a higher likelihood of gas accumu-
lation. In contrast, NHs levels in the open system showed greater variability — reflecting na-
tural dilution through unrestricted air exchange.

a 16.4 4 = Open ® Closed b 931 ® Open @ Closed
® ht *e °
64 ] .o
16.24 s o 0 . . .
) o .
. . . " eese e o 63 . « * .
& 16.0 ° L} ee o & © ® LY,
5 . 624
g L] ® L) "? 6 L ‘. .
E 1584 " " 2 ‘
3 Z 611 i
& " : -
5 15.64 u 1 ssm man = T 60 »
= - wom
- | ] L] | L] LB B 59- [ - . . \ [ - -
154 = / . e e ®
\ m " N [N
= =a 584 LA o
15.2 +-—rrrrrrrrrrrrrrerrr LN AU A LA N AL NN
=N TNO-0RO =~ AT NOSORO — AT —elen U’)Ol":w&\‘_:(zﬂ_‘:\ftfz —elen wy
A Tty ReeRASAmRaaaaRaRRAARARARE
Time, day Time, day
d o,
€ 1200+ = Open * Closed 19 = Open # Closed
1150 * . 184 @ see ve
) o
11004 = o & - . 17 4 . . . ssceee
L J L]
1050 * s ¥ ® » *e .. 16 o es oo ° eees
£ . L] £
&IUUU- . J . . & 154 ‘l " ™
o' 950 T4 ww =l m n .
o =4 \ / \
900 134 = L T | L ] " ma ]
I - n n \ /
850 A l..l . . . . 124 W - J
/ [ 3
800 y LIV " 114 !
730+ 10 -
N et et o et e e et et e e =IO ORI O 0O —Clon < v
B e e A R R AR ARAARRARR QQQQDQQQCE555555555888888
Time, day Time, day

Figure 5. Daily monitoring of environmental parameters: (a) temperature, (b) humidity, (c)
CO:, and (d) NH;3 recorded in closed and open poultry housing systems during the study
period

Although the closed housing system effectively maintained a stable microclimate, conti-

nuous monitoring of air quality remains essential — particularly to prevent excessive accumu-
lation of harmful gases. The observed environmental stability in the closed system supports

85



Saif A. Rawdhan et al.

improved bird welfare and productivity — highlighting the importance of controlled housing
conditions in poultry production.

Figure 5 presents the daily trends of temperature, humidity, NHs, and CO: over the entire
experimental period. The closed housing system exhibited substantially lower day-to-day va-
riability in temperature and relative humidity — confirming the effectiveness of insulation and
mechanical environmental control. In contrast, the open system showed pronounced fluctua-
tions — due to direct exposure to changing ambient conditions. Relative humidity in the closed
system remained within a narrower range — indicating improved moisture balance — which
was positively associated with egg production. Although NHs and CO: concentrations were
consistently higher in the closed system, their relative stability suggests that targeted im-
provements in ventilation could further enhance air quality — without compromising microc-
limatic uniformity.

Overall, the closed housing system provided a more stable microclimate — reducing envi-
ronmental stress, improving welfare, and supporting higher productivity in laying hens.

Comparison between closed and open poultry housing systems

Table 1 summarizes the comparison of temperature, relative humidity, NHs, and CO:
concentrations between the closed and open poultry housing systems. Statistically significant
differences were observed for all measured parameters. The average relative humidity was
higher in the closed system (63.09%) compared with the open system (58.85%). Mean air
temperature was also slightly higher in the closed system (16.07°C) than in the open system
(15.54°C) — which can be attributed to reduced heat loss resulting from insulation and limited
air exchange with the external environment.

Ammonia concentrations averaged 16.84 ppm in the closed housing system and 13.28
ppm in the open system — reflecting the effects of reduced ventilation and gas accumulation
in the closed environment. Similarly, CO: concentrations were higher in the closed system
(1065.4 ppm) than in the open system (833.04 ppm) — further indicating differences in ven-
tilation efficiency between the two housing types.

A key finding of this study is the effect of housing conditions on laying hen productivity.
Egg production was significantly higher in the closed system — with an average of 9.04 eggs
per day — compared with 7.2 eggs per day in the open system. The more stable temperature,
humidity, and air quality in the closed housing system supported consistent laying perfor-
mance, whereas environmental fluctuations in the open system adversely affected produc-
tivity. The observed difference was statistically significant (T = 5.97) — confirming the strong
influence of environmental control on production outcomes.

Greater variability in temperature and humidity in the open system is known to negatively
affect egg formation and shell quality — which may explain the higher occurrence of broken
and undersized eggs under these conditions. Figure 6 illustrates daily egg production trends
for both housing systems, while Figure 7 presents the correlation matrix among environmen-
tal parameters. A strong positive correlation was observed between relative humidity and
both CO2 and NHs concentrations (r = 0.94) — indicating close interactions among these mi-
croclimatic factors.
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Table 1.
Comparison between the closed and open systems in measured parameters.
Parameter System Average Median  Std. Dev. Min Max T-test
Open 833.1 837 22.5 787 877 «
€0 (ppm) Closed 10654 1065 483 916 1168 O+
Open 13.28 13 1.1 11 15 *
NH: (ppm) Closed  16.84 17 0.8 16 18 B
Temperature Open 15.54 15.6 0.1 153 158 15.50%
(°C) Closed 16.07 16.1 0.1 159 163 )
o Open 58.85 58.7 0.6 579 604
0, *
Humidity 00 loged  63.09 633 1.1 608 64.5 18.03
Productivity Open 7.2 7 1.04 6 9 5.97%
(Eggs/day) Closed 9.04 9 1.13 7 11 )
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Figure 6. Daily monitoring of egg production in closed and open poultry housing systems
during the study period.

87



Saif A. Rawdhan et al.

Temp.

RH

co,

NH,

Temp. RH Co, NH,

Figure 7. Correlation coefficient between the environmental parameters.

Conclusion

The findings demonstrate that the proposed IoT-based monitoring system effectively
supports environmental control in poultry housing systems. The temperature, humidity, NH3,
and CO; levels were measured and quantified in both open and closed poultry housing sys-
tems every 5 minutes over 25 days of the experiment. A comparison between the two housing
systems revealed that the closed housing system offers better control over all air quality pa-
rameters, thereby enhancing the hen’s health status and performance in terms of feed effi-
ciency and egg production. The use of loT-enabled sensors for small and medium-scale poul-
try farms makes the practice not only affordable and accessible but also sustainable, hence
minimizing economic losses that result from poor air quality. Further development and im-
plementation of these technologies will aid in modernizing the practice of keeping poultry
production up while supporting animal welfare and environmental sustainability. Future
work may extend this [oT system to monitor additional gases such as H.S and mixed com-
bustible gases — including methane (CHa), propane, LPG, hydrogen, and smoke — by incor-
porating sensors such as MQ-136 and MQ-2.
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MONITORING PARAMETROW SRODOWISKOWYCH
W KURNIKACH Z WYKORZYSTA-NIEM 10T

Streszczenie. Wysokie stgzenia gazow w kurnikach, w szczegdlnosci CO: i NHs, moze powodowaé
u ptakow stres, zaburzenia oddychania, obnizenie produkcji jaj oraz zwigkszona podatno$¢ na choroby.
W badaniu przedstawiono system monitorowania kluczowych parametréw Srodowiskowych
w obiektach drobiarskich bazujacy na technologii Internetu Rzeczy (IoT). System sktada si¢ z mikro-
kontrolera Arduino ESP32 oraz czujnikéw DHT22, MQ-135 i MQ-137. Umozliwia on monitorowanie
temperatury, wilgotnosci, stg¢zenia amoniaku (NHs) oraz dwutlenku wegla (CO:) zaréwno
w zamknigtych, jak i otwartych systemach utrzymania kur niosek. Dane srodowiskowe byly gromad-
zone w chmurze, co pozwalato na zdalny monitoring kurnika w czasie rzeczywistym oraz dalsza analize
danych. Uzyskane wyniki wykazaly, Zze systemy zamknigte sa bardziej efektywne w regulacji temper-
atury i wilgotnosci przy jednoczesnym utrzymaniu ste¢zen gazow w dopuszczalnych granicach, co prze-
ktada si¢ na poprawe produkcji jaj. Zaproponowany system monitorowania wykorzystujacy IoT stan-
owi praktyczne narzg¢dzie wspomagajace zarzadzanie produkcja drobiarska oraz ograniczajace straty
wynikajace z nieodpowiedniej jako$ci powietrza, przyczyniajac si¢ do zwigkszenia efektywnosci
produkc;ji.

Stowa kluczowe: [oT, ESP32, monitorowanie srodowiska w chowie drobiu, CO2, NHs, temperatura,
wilgotnos¢.
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