


Original Research Article
Transition in Broiler Production: The Technological Breakthrough of Environment Controlled Rearing in Kolar District

Abstract
Environmental Controlled (EC) poultry production is an advanced farming methodology designed to enhance productivity and sustainability by optimizing critical environmental parameters such as temperature, humidity, and ventilation. This study investigates the transition of a poultry farm from conventional practices to EC systems, with data collected through expert consultations and discussions with poultry integrators in Kolar district of Karnataka. The analysis focuses on key performance indicators, including Feed Conversion Ratio (FCR), profitability, mortality rates, energy consumption, and flocking density. Preliminary findings demonstrate notable improvements in efficiency, profitability, and environmental sustainability. The FCR improved from 1.9 to 1.5, indicating better feed efficiency. Average mortality rates declined significantly from 11% to 5%, contributing to increased productivity. Flocking density showed a substantial increase, raising from 7–9 birds per square meter to 13–15 birds per square meter. Additionally, total water usage and labour were reduced, reflecting enhanced resource efficiency. The adoption of EC systems also enabled shorter broiler growth cycles, ranging from 32 to 35 days, and facilitated a higher number of production cycles annually. These systems are particularly favored by integrators due to their streamlined supervision and improved supply chain management logistics. This research highlights the benefits of EC poultry production for farmers offering actionable insights and emphasizing the potential of these systems to transform the poultry industry. Future studies need to explore broader applications and long-term impacts of EC techniques in diverse agricultural settings.
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1. Introduction
Poultry farming is a cornerstone of global agriculture, providing a significant source of animal protein for a rapidly growing population. However, conventional poultry farming methods often encounter critical challenges, including high mortality rates, inconsistent feed efficiency, and susceptibility to environmental fluctuations (FAO, 2013). The need for sustainable and efficient solutions has driven the evolution of farming techniques, among which Environmental Controlled (EC) poultry production stands out as a transformative innovation.
EC poultry systems leverage advanced automation and real-time monitoring technologies to regulate critical environmental factors, such as temperature, humidity, air quality, and lighting. By maintaining optimal conditions within poultry houses, these systems minimize stress on birds, enhance feed conversion ratios (FCR), reduce mortality rates, and improve overall profitability. The integration of Internet of Things (IoT) devices further enhances the adaptability and precision of EC systems, ensuring sustainability and energy efficiency.
This case study explores the transition of a poultry farm from conventional to EC production methods, examining key performance metrics such as FCR, profitability, mortality rates, and environmental sustainability. Using a combination of quantitative and qualitative approaches, this research provides a comprehensive assessment of EC adoption's tangible and intangible benefits. 
Recent studies underscore the economic and environmental advantages of EC systems. Kumaresan and Vigneswari (2024) highlighted the role of automated climate control in reducing disease prevalence and enhancing bird welfare, leading to higher profitability margins. EC systems incorporate advanced technologies to optimize poultry farming conditions. Automated climate control mechanisms regulate temperature, humidity, and ventilation, ensuring optimal living conditions for poultry. EC systems also contribute to environmental sustainability by optimizing resource utilization. Emerging trends in EC systems focus on integrating renewable energy sources and enhancing automation through artificial intelligence. Cui et al., (2021) highlights the potential of solar-powered EC systems to reduce operational costs and promote sustainability. Furthermore, the development of low-cost, two storey modular EC units could make these technologies more accessible to small and medium-scale farmers.
This research focusing on a poultry farm that adopted EC production in Kolar district of Karnataka. By comparing pre and post-adoption performance metrics, this study seeks to:
· To develop a comparative conceptual framework for the conventional and EC systems in broiler production. 
· To compare key performance indicators (KPIs) and major cost factors between Conventional and EC broiler production systems in the study area.
· To perform an economic analysis of broiler farming under Conventional and EC systems.
The conceptual framework guiding this research positions EC systems as a nexus of inputs, processes, and outcomes. Key inputs include feed, water, energy, and environmental parameters. The EC system processes these inputs through automated climate control, feeding mechanisms, and waste management to deliver outcomes such as enhanced bird health and higher profitability. This holistic approach ensures that the research addresses both economic viability and ecological sustainability.

2. Materials and Methods
This study adopts a case study approach, focusing on a poultry farm located in Kolar district (13.14° N, 78.13° E) of Karnataka, which has recently transitioned from conventional practices to Environmental Controlled (EC) production techniques. The research aims to provide preliminary insights into the effectiveness of EC farming systems in improving key performance indicators.
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Data were collected using a combination of personal interviews and consultations with integrators, farmers, and subject-matter experts. The study analyzed the transition from conventional poultry farming methods to environmental controlled (EC) techniques, providing a detailed examination of the impact on key parameters such as feed conversion ratio, mortality rate, energy and water consumption, profitability, and flocking density.
To ensure the reliability and validity of the findings, the collected data were cross-verified with expert advice. This case study serves as a preliminary investigation, offering valuable insights into the efficiency gains and economic viability of EC systems in poultry farming. The percentage improvement was utilized to assess performance enhancements compared to traditional techniques. Feed Conversion Ratio (FCR) measured feed efficiency, while flocking density and mortality rate offered insights into bird management and health under the EC system.
To evaluate the performance and economic viability of environmental controlled (EC) poultry production, several key parameters were analyzed. The percentage improvement was calculated to assess the relative enhancement of selected metrics over traditional values, providing insight into the efficiency gains achieved through EC techniques. Feed Conversion Ratio (FCR), a critical measure of feed efficiency, was computed as the ratio of feed intake to weight gain (Salas et al., 2016 and Arbor, 2011).
Economic parameters, such as profitability metrics, were derived by calculating net profit as the difference between revenue and input costs. Flocking density, an important measure of bird management, was determined by dividing the number of birds by the available floor area. Mortality rate, which reflects flock health, was calculated as the percentage of birds culled relative to the total flock size (Table 1).
Advanced profitability indices were employed for a comprehensive economic analysis. The Profitability Index (PI) was determined as the ratio of net farm income to gross revenue, while Capital Turnover (CTO) was calculated to measure the efficiency of capital utilization. Additionally, the rate of return on investment (ROI) was expressed as the net farm income relative to the total cost. Variable and fixed cost analyses were further conducted using the rate of return on variable cost and fixed cost, respectively, to identify specific cost components contributing to overall profitability. Data were evaluated using descriptive and economic technique described by Ajala et al. (2007). These metrics provided a robust framework to evaluate the technical and economic impacts of adopting EC poultry production techniques.
Table 1. Operational and Financial Metrics for Broiler Production Analysis


	Parameters
	Formula

	Percentage Improvement (%)
	(Old Value−New Value​) / (Old Value)*100

	Feed Conversion Ratio (FCR)
	Feed Intake (kg) / Weight Gain (kg)

	Profitability Metrics (Rs)
	Net Profit = Revenue - Input Costs

	Flocking Density (Birds/m2)
	Number of Birds / Floor Area

	Mortality Rate (%)
	(Number of Birds Culled / Total Birds)* 100

	Profitability index (PI) 
	Net Farm Income / Gross Revenue

	Capital Turn Over (CTO) 
	Total Revenue / Total Cost

	Rate of Return on Investment (%)
	(Net Farm Income / Total Cost)*100

	Rate of Return on Variable Cost (%) 
	((Total Revenue – Total Fixed Cost) / Total Variable Cost))*100

	Rate of Return on Fixed Cost  (%)
	((Total Revenue – Total Variable Cost) / Total Fixed Cost ))*100


3. Results and Discussion
The study compared Environmental Controlled (EC) and Conventional Broiler Production Systems across key technical and management parameters (Figure 3.). The EC system demonstrated advanced feed and water management through automated feeders and precision watering systems, reducing wastage and improving feed conversion ratios. Temperature, humidity, and ventilation were efficiently regulated using automated climate control, ensuring optimal bird growth conditions (Craig, 2007).
Lighting systems in EC farms utilized energy-efficient LEDs with automated photoperiod control, improving bird behavior and feed intake. Waste management was more effective in EC systems due to automated manure removal and composting, reducing environmental impact. Enhanced biosecurity measures, including air filtration and real-time monitoring contributed to improved flock health and reduced mortality (Berckmans, 2008).
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Figure 3. Comparative conceptual framework for Conventional and EC system in broiler farming production


Stocking density and space utilization were optimized in EC systems, supporting higher productivity while maintaining animal welfare. Advanced monitoring technologies, such as IoT and centralized control software, allowed real-time adjustments for efficient resource use (Corkery et al., 2013). Although EC systems required higher initial investment, they provided better profitability through improved feed conversion ratios, reduced operational costs, and higher return on investment (Kachilei, 2012).
This comparative framework highlights the technological, environmental, and economic advantages of EC systems over conventional methods, forming the basis for the conceptual map provided by the study (Figure 3.).
Key Performance Indicators (KPIs) in Broiler Production
The comparison of key performance indicators (KPIs) between Conventional and Environmental Controlled (EC) broiler production systems demonstrates significant improvements across various parameters, emphasizing the advantages of adopting modern environmental control technologies.
The EC system achieved a significantly lower FCR of 1.5–1.6 compared to 1.8–2.0 (Table 2) in the conventional system, indicating better feed utilization and efficiency. This improvement can be attributed to the precise regulation of environmental factors such as temperature and ventilation, which directly influence feed intake and bird growth (Green, 2008).



[bookmark: _Hlk187184273]The profitability in the EC system was substantially higher, with a net profit of ₹279,220 compared to ₹79,028 (Table 2) in the conventional system, a remarkable increase of 253.31%. This increase is primarily due to improved feed efficiency, reduced mortality, and the ability to manage higher stocking densities (Kachilei, 2012). The EC system supported a flocking density of 13–15 birds/m² compared to 7–9 birds/m² in conventional systems, reflecting a 42.85% improvement. Advanced climate control and better biosecurity measures in EC systems allow for higher stocking densities without compromising animal welfare (Berckmans, 2008).
The mortality rate in EC systems was significantly lower at 4–5%, compared to 10–12% in conventional systems, showing a 59.09% reduction. Enhanced biosecurity protocols, real-time monitoring, and optimized environmental parameters contribute to this reduced mortality. While energy consumption was higher in EC systems (60 kWh) compared to conventional systems (5 kWh), the water consumption per bird was reduced by 25%, highlighting the efficiency of water usage technologies in EC systems. Despite the increased energy requirement, the overall efficiency gains justify the resource use (Table 2).
The EC system maintained optimal environmental conditions with temperatures between 20–26°C and humidity levels of 50–70%, compared to broader and less controlled ranges of 15–38°C and 40–90% in conventional systems. Such precise control minimizes bird stress and promotes consistent growth. Birds in the EC system reached market weight faster, with a mean age of 32–35 days compared to 40–45 days in conventional systems, reflecting a 20.93% improvement. Additionally, the EC system facilitated six batches per year compared to five in the conventional system, boosting overall productivity (Table 2).
Table 2. Comparison of Key Performance Indicators (KPIs) in Conventional and Environmental Controlled Broiler Production Methods	                                                                                                          
	Parameters
	Conventional System
	      EC System
	Percentage Improvement (%)

	Feed Conversion Ratio (FCR)
	1.8-2.0
	1.5-1.6
	
(18.42)

	Profitability Metrics
(Rs.)
	79028
	279220 
	
253.31

	Flocking Density (Birds/m2)
	7-9 
	13-15 
	
42.85

	Mortality Rate (%)
	10-12
	4-5
	(59.09)

	Energy Consumption (kWh)
	5
	60
	1100

	Water Consumption (L/bird)
	8
	6
	
(25)

	Environmental Parameters
	15-38 o, 40-90%
	20-26 o C, 50-70%
	

	Mean age of birds (Days)
	40-45
	32-35
	(20.93)

	No. of Batches/year
	5
	6
	20


(The values in the parentheses represent negative values)
Cost factors in Conventional and EC broiler operations
The economic analysis of conventional and environmental-controlled (EC) broiler production systems highlights significant differences in production capacities, costs, and profitability. In terms of production capacity, the EC system demonstrated a substantial increase, with the maximum capacity to house 20,000 birds compared to only 8,000 in the conventional system (Table 3). 
When examining the investment and loan requirements, the EC system necessitated a significantly higher initial investment of ₹20 lakh and loan financing of ₹60 lakh, compared to ₹8 lakh and ₹22 lakh, respectively, in the conventional system. However, these higher investments allowed for the installation of advanced machinery, energy systems, and infrastructure, facilitating greater production capacity and improved efficiency (Jang et al., 2008). This higher capital expenditure reflects the growing trend of larger investments in modern poultry systems, which ultimately contribute to their scalability, sustainability, and long-term profitability (Table 3).
In terms of cost structure, both systems shared common costs, including chick costs and feed costs, which are borne by the integrator, and therefore not considered in calculating the net income of the farmer. The fixed costs in the EC system were significantly higher due to the need for substantial civil works, machinery, and energy infrastructure. Despite this, the EC system exhibited a more efficient allocation of resources, resulting in higher productivity. In terms of variable costs, while the EC system incurred greater expenses due to the increased number of birds, the efficiency gains from EC farming methods led to a substantial increase in profitability. The EC system generated total returns of ₹591,220, compared to ₹171,828 in the conventional system, and net income per kilogram of broiler produced was ₹5.81 in the EC system, compared to ₹4.88 in the conventional system (Table 3).
In terms of farmers' margins, both systems showed positive values, indicating that the cost of production was lower than the growing charges. However, EC farmers earned approximately double the margin compared to conventional farmers. This higher margin in the EC system can be attributed to the higher growing charges, which are reflective of the increased productivity and advanced infrastructure of the EC system. Additionally, EC farmers earned significantly more from manure and litter, with income from these by-products amounting to ₹63,000 compared to ₹26,100 in the conventional system (Table 3). These results underline the economic advantages of the EC system, not only in terms of higher margins but also through the increased revenue generated from waste products, making the EC system a more sustainable and profitable choice (Liang et al., 2013).
Table 3. Values of major cost factors in Conventional and EC broiler operations 	
	Sl. No.
	Particulars
	
Conventional System
	EC System

	1.
	Production capacity (Number of Birds)
	8000 
	20000

	2.
	Spacing of birds (Sq. ft./Bird)
	1.25
	0.75

	3.
	Land required (Acres)
	1.5
	0.75-1 

	4
	Investment (Margin @ 25%) (Lakh ₹)
	8
	20

	5.
	Loan (@75%) (Lakh ₹)
	22
	60 

	
	Fixed Costs (₹)

	6.
	Civil works (Lakh ₹)
	20
	30

	7.
	Machinery and Equipment (Lakh ₹)
	5
	25

	8.
	Energy sources and other constructions (Lakh ₹)
	-
	10

	9.
	Working Capital (Lakh ₹)
	5
	15

	10.
	Total Fixed Cost (Lakh ₹)
	30
	80

	11.
	Variable Costs (₹)

	12.
	*Chicks Number
	8000
	20000

	13.
	*Chick cost (₹25 per chick)
	200000
	500000

	14.
	*Feed cost (₹45 per kg)
	828000
	2205000

	15.
	Labor (₹2.5 per chick)
	20000
	50000

	16.
	Litter (husk) (₹9 per kg)
	28800
	72000

	17.
	*Antibiotics and other medicine (₹2.5 per bird)
	20000
	50000

	18.
	*Veterinary services/Admin cost (₹5.5 per bird) 
	44000
	110000

	19.
	Cleaning (₹0.5 per bird)
	4000
	10000

	20.
	Electricity
	20000
	50000

	21.
	Brooding Charges
	20000
	100000

	22.
	Fuel & gas
	-
	30000

	23.
	Total variable cost 
	92800
	312000

	24.
	Depreciation charges
	27000
	60000

	25.
	Total cost (23) + (24)
	119800
	372000

	
	Returns (₹)

	26.
	No of birds culled (Nos)
	960
	400

	27.
	Total birds (Nos)
	7040
	19600

	28.
	Average weight (kg) per bird (total) 
	2.3 (16192)
	2.45 (48020)

	29.
	Growing charges ₹ per kg (total) 
	9 (145728)
	11 (528220)

	30.
	Total live weights (kg) 
	16192
	48020

	31.
	Total returns 
	145728
	528220

	
	Miscellaneous Income (₹)

	32.
	Manure + Litter (tons)
	2.5+ 3.2
	6 + 8 

	33.
	Income from manure (₹)
	26100
	63000

	34.
	Total Cost of Production per kg (Incl. Depreciation) (25)/(28) (₹) 
	7.39
	7.74

	35.
	Total Income (31)+(33) (₹)
	171828 
	591220 

	36.
	Net income (35)–(23)
	79028 
	279220 

	37.
	Net income per kg (36)/(28) (₹)
	4.88 
	5.81 

	38.
	Farmers margin per kg (29)-(34) (₹)
	1.61
	3.26



(*Particulars highlighted will be provided by the integrator)
The economic analysis of the data reveals significant differences between the Conventional and EC broiler farming methods. The Profitability Index (PI) of the EC method was calculated to be 0.47, meaning that for every Rs. 1.00 invested, farmers earned 47 paisa in profit. The Conventional system had a slightly lower PI of 0.45, meaning farmers earned 45 paisa for every rupee invested (Table 4). Though the difference is modest, the EC method demonstrates a marginally better profitability (Arslan et al., 2018).
Table 4. Economic Analysis of Broiler Farming
	Parameters
	Conventional Method
	EC Method

	Profitability Index (PI) 
	0.45
	0.47

	Capital Turn Over (CTO) 
	1.43 
	1.58

	Rate of Return on Investment (%) 
	21.47 
	29.56

	Rate of Return on Variable Cost (%) 
	156.06
	170.26

	Rate of Return on Fixed Cost (%) 
	292.69 
	465.36


Capital Turnover (CTO) of 1.58 in the EC method indicates that developments in broiler production are likely to increase the profits to investment of broiler farmers. This shows that to maximize profit from broiler production, all inputs should be used at their optimum. For comparison, the Conventional method had a lower Capital Turnover of 1.43, indicating that the revenue generated per unit of investment was not as high (Table 4). This suggests that the EC method is more efficient in generating revenue relative to the investment made, which could lead to higher overall profitability for farmers using this system (Arslan et al., 2018).
EC system demonstrates a higher ROI of 29.56%, compared to the Conventional system’s ROI of 21.47%. This means that for every rupee invested, EC farmers earned Rs. 0.2956 in return, while Conventional system farmers earned Rs. 0.2147. The increased ROI in the EC system reflects its superior efficiency in utilizing resources and maximizing returns from the initial investment (Table 4). These results align with previous studies that have emphasized the positive impact of automation and controlled environmental factors in enhancing overall profitability (Arslan et al., 2018).
The Rate of Return on Fixed Cost for the EC method was found to be 465.36%, indicating that for every rupee spent on fixed costs, farmers earned Rs. 4.65 in return, which is considerably higher compared to the Conventional method, which had a Rate of Return on Fixed Cost of 292.69% (Rs. 2.92 earned for every rupee spent) (Table 4). This shows that the EC method offers a significantly higher return on fixed costs, demonstrating its greater financial efficiency (Arslan et al., 2018).
Similarly, the Rate of Return on Variable Cost was higher in the EC system at 170.26%, meaning that for every rupee spent on variable costs, farmers earned Rs. 1.70. In contrast, the Conventional system yielded a Rate of Return on Variable Cost of 156.06%, or Rs. 1.56 for every rupee spent (Table 4). This further underscores the EC system’s superior financial performance, as it provides higher returns on both fixed and variable costs (Arslan et al., 2018).
These results suggest that the EC method offers higher returns on both fixed and variable costs, better profitability, and a more efficient use of capital compared to the Conventional method. It highlights the potential for the EC system to improve financial outcomes for broiler farmers, especially in terms of higher returns on investments and more efficient resource utilization.
Incentives to the stakeholders
Incentives play a crucial role in ensuring the financial stability and motivation of poultry farmers. In both conventional and environmental controlled systems, integrators provide incentives to farmers as part of their collaboration. The incentive structure is designed to promote efficiency and balance the risks between both parties involved.
When cost of production (COP) is lower than the standard price, the difference (profit) is shared between the integrator and the farmer. Specifically, the farmer receives 60% of the profit, while the integrator takes 40%. If it exceeds the standard price, the loss is shared equally between the farmer and the integrator, with each party bearing 50% of the financial burden. This mutual sharing of risks helps maintain a fair relationship between both parties, ensuring that neither the farmer nor the integrator faces undue financial strain due to unforeseen production challenges.
When the market price for poultry products increases beyond the standard lifting price, an extra incentive is provided to the farmers. For every Rs. 10 increase in the market price over the standard lifting price, farmers receive an additional incentive of 80 paise (8% of the additional amount). This bonus serves as a reward for farmers, further encouraging them to remain competitive and increase their production output, ultimately benefiting both the farmers and the integrators.
4. Conclusion
This study provides a comprehensive analysis of the economic and operational performance of conventional and Environmental Controlled (EC) poultry production systems, with a focus on cost structures, profitability, and incentive mechanisms. The findings demonstrate that while both systems are supported by integrators, EC systems exhibit clear advantages in terms of profitability and efficiency. The higher Rate of Return on Investment (ROI) and Rate of Return on Variable Costs in the EC system indicate its superior economic performance, with a marked improvement in key parameters such as feed conversion ratio (FCR), mortality rates, and overall profitability. Moreover, the transition to EC systems is associated with a substantial increase in production capacity, better control over environmental factors, and improved bird welfare, all of which contribute to higher returns for farmers.
The role of the integrator in both systems plays a pivotal role in aligning the interests of the farmers with that of the business. By sharing profits when the cost of production is lower than the standard price and distributing losses equally when the cost exceeds the standard, the integrator ensures a fair and sustainable partnership. In addition, the provision of additional incentives based on market price fluctuations further motivates farmers to optimize production and maintain high-quality output, ensuring financial security and incentivizing growth in both conventional and EC systems.
While EC systems offer promising returns, the study also highlights the challenges of higher initial investments and the financial constraints faced by small-scale farmers, which may hinder widespread adoption. Nevertheless, the potential long-term economic and environmental benefits of EC systems, along with supportive financial structures and incentive programs, make it a viable solution for scaling up poultry production in a sustainable manner.
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