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ABSTRACT 
This study evaluates the economic efficiency of greenhouse farming in Uzbekistan through the lens of Environmental, Social, and 

Governance (ESG) principles. As greenhouse agriculture gains prominence for increasing crop yields and mitigating the risks posed 

by climate change, a comprehensive assessment framework is necessary to ensure long-term sustainability and profitability. Traditional 

economic metrics focus primarily on short-term financial returns; however, the ESG approach emphasizes the need to align economic 

performance with environmental conservation, social responsibility, and good governance. 

The research explores key factors influencing greenhouse farming efficiency in Uzbekistan, including water and energy usage, 

carbon emissions, labor practices, and regulatory compliance. It assesses how sustainable resource management, equitable employment, 

and transparent governance impact both profitability and the broader agricultural ecosystem. Findings indicate that ESG-driven 

greenhouse farms demonstrate higher resilience, better resource efficiency, and improved access to green financing and international 

markets. The study concludes that integrating ESG principles not only enhances economic performance but also positions Uzbekistan’s 

agricultural sector to meet global sustainability standards. The results provide actionable insights for policymakers, investors, and 

agricultural stakeholders, encouraging the adoption of ESG metrics as a strategic tool for sustainable development. By aligning 

economic goals with environmental stewardship and social equity, Uzbekistan can leverage greenhouse farming as a model for 

sustainable agricultural growth, fostering both local and global food security. 

KEYWORDS: ESG Efficiency, Greenhouse Farming, Environmental Metrics, Social Responsibility, Governance Compliance, 

Renewable Energy, Resource Management, Water Efficiency, Labor Practices, Carbon Emissions, Precision Agriculture, 

Sustainability Reporting 

 

INTRODUCTION 
The agriculture sector plays a pivotal role in Uzbekistan’s economy, contributing significantly to employment, food security, and 

export revenues. However, the challenges of climate change, water scarcity, and shifting market demands necessitate innovative 

solutions to ensure sustainable agricultural development. In recent years, greenhouse farming has emerged as a viable approach to 

increase crop yields, extend growing seasons, and enhance food production. Yet, determining the long-term economic efficiency of 

greenhouse farms requires moving beyond traditional profit metrics to incorporate environmental sustainability, social impact, and 

governance—core components of the Environmental, Social, and Governance (ESG) framework. 

 

ESG-driven assessments provide a holistic perspective on economic efficiency, integrating environmental stewardship, social well-

being, and responsible governance practices into business operations. This framework is particularly relevant for Uzbekistan, where 

the government is prioritizing sustainable agricultural practices, rural employment, and resource conservation. The adoption of ESG 

principles ensures that greenhouse farming not only generates profits but also contributes to broader goals such as environmental 

protection, equitable employment opportunities, and improved governance within the agricultural sector. 

 

This study seeks to explore the economic efficiency of greenhouse farming in Uzbekistan through the ESG lens, examining how 

this framework aligns profitability with sustainable practices. The research will analyze key indicators such as resource efficiency, 

carbon footprints, labor standards, and the regulatory environment. By applying ESG principles to greenhouse farming, the goal is 

to demonstrate that sustainable agricultural practices can achieve financial stability while addressing pressing environmental and 

social challenges. This analysis will provide actionable insights for policymakers, investors, and agricultural professionals, 

encouraging the expansion of sustainable farming initiatives throughout Uzbekistan. 
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In summary, the integration of ESG metrics in economic assessments offers a pathway for Uzbekistan to foster both agricultural 

growth and sustainability. By positioning greenhouse farming within the ESG framework, this research aims to provide a compelling 

case for aligning economic efficiency with sustainable development goals, ultimately promoting long-term resilience in the 

agricultural sector. 

 

Data Envelopment Analysis (DEA) is a non-parametric method used to assess the relative efficiency of decision-making units 

(DMUs), such as firms, farms, or industries, in converting inputs into outputs. It is particularly valuable in agriculture for evaluating 

operational efficiency, especially when multiple inputs (e.g., labor, water, energy) and outputs (e.g., crop yield, revenue) are 

involved. This study applies DEA to analyze the economic efficiency of greenhouse farms in Uzbekistan, incorporating 

Environmental, Social, and Governance (ESG) factors into the evaluation framework. 

 

Rationale for Using DEA in Greenhouse Farming Analysis 

1. Multiple Inputs and Outputs: Greenhouse farming relies on a variety of inputs, such as labor, capital investment, energy, 

fertilizers, and water, while producing multiple outputs (e.g., crop yields, profits). DEA is ideal for such multi-dimensional 

data. 

2. Efficiency Benchmarking: DEA identifies the most efficient farms that set the "best practice frontier" and compares other 

farms against this benchmark, highlighting where improvements are needed. 

3. Handling ESG Metrics: Traditional economic analyses often ignore non-financial factors. DEA accommodates qualitative 

and quantitative metrics, making it suitable for integrating environmental (e.g., water usage, emissions), social (e.g., labor 

practices), and governance (e.g., regulatory compliance) indicators alongside economic variables. 

 

DEA MODEL SELECTION FOR ESG AND ECONOMIC ANALYSIS 

1. Input-Oriented DEA: This approach focuses on minimizing inputs (e.g., water, energy) while maintaining the same level of 

output, aligning with the goal of resource efficiency within the ESG framework. 

2. Output-Oriented DEA: This model maximizes outputs (e.g., yield, revenue) given a fixed set of inputs, demonstrating the 

productivity of farms. It is useful when the primary concern is increasing profitability and food production. 

3. CCR and BCC Models: 

o CCR Model (Charnes, Cooper, and Rhodes) assumes constant returns to scale, meaning that efficiency is unaffected by farm 

size. 

o BCC Model (Banker, Charnes, and Cooper) allows for variable returns to scale, which is more appropriate for comparing 

farms of different sizes, as greenhouse farms in Uzbekistan may vary in scale and resources. 

o  

Table 1. Variables for DEA in Greenhouse Farming with ESG Integration 

1. Inputs 2. Outputs 

1. Water consumption (m³) 

2. Energy usage (kWh) 

3. Labor input (hours or wage costs) 

4. Fertilizers and pesticides (kg or cost) 

5. Initial capital investment (USD) 

1. Crop yield (kg) 

2. Revenue (USD) 

3. CO₂ reduction or emissions avoided (kg) 

4. Employment generation (number of jobs created) 

5. Compliance with ESG regulations (binary or score) 

[developed by the author] 
APPLICATION OF DEA RESULTS 

• Identifying Inefficient Farms: DEA results will highlight farms that are operating below the efficiency frontier, indicating the 

need for better resource management or improved governance. 

• Target Setting: DEA provides specific targets for inefficient farms, such as reducing water usage or increasing crop yield, to 

achieve optimal efficiency. 

• Policy Implications: Policymakers can use DEA insights to design targeted interventions, such as subsidies for energy-efficient 

technologies or training programs to improve labor productivity. 

• Access to Green Financing: Farms that demonstrate high ESG compliance and operational efficiency can position themselves 

for green financing opportunities and partnerships with international stakeholders. 

DEA offers a robust framework for evaluating the economic efficiency of greenhouse farms, especially when multiple inputs and 

outputs are involved. Integrating ESG factors into the DEA model ensures a more comprehensive analysis that aligns economic 

efficiency with sustainable development goals. This approach enables Uzbek policymakers, investors, and farm managers to identify 

best practices, optimize resource allocation, and promote sustainable growth in the agricultural sector. 

 

METHODOLOGY 

This section outlines the methodological framework used to assess the economic efficiency of greenhouse farming in Uzbekistan 

by integrating Environmental, Social, and Governance (ESG) metrics into Data Envelopment Analysis (DEA). The methodology 
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involves data collection, selection of variables, DEA model specification, and interpretation of results. The goal is to benchmark 

greenhouse farms' performance, identify areas for improvement, and assess how ESG factors contribute to sustainable and efficient 

agricultural practices. 

 

1. Research Design 

This study adopts a quantitative approach using DEA to measure the relative efficiency of multiple greenhouse farms. DEA allows 

for the comparison of farms with different sizes and production scales, while also considering environmental, social, and governance 

indicators. An input-output model is constructed, incorporating traditional economic factors and ESG criteria to provide a holistic 

assessment of farm performance. 

 

2. Data Collection 

Primary and secondary data sources are utilized: 

• Primary Data 

✓ Surveys and interviews with greenhouse farm 

managers regarding resource usage, production, labor 

practices, and governance policies. 

✓ On-site observations to validate environmental and 

labor practices. 

 

• Secondary Data 

✓ Government statistics on greenhouse agriculture in 

Uzbekistan. 

✓ Reports from agricultural organizations, trade 

associations, and research institutes. 

✓ Environmental impact reports and regional policy 

guidelines. 

[Developed by The Author] 

 

Sampling: A stratified random sampling method is employed to select 30-50 greenhouse farms, ensuring diversity in size, region, 

and crop type. Farms are grouped into small, medium, and large-scale categories to facilitate variable returns-to-scale analysis. 

3. DEA Model Specification 

The DEA model evaluates the efficiency of greenhouse farms using both traditional economic inputs and outputs alongside ESG 

factors. The BCC model (Banker, Charnes, and Cooper) is chosen to account for variable returns to scale, as farm size and resource 

availability vary across the sample. 

• Model Orientation: 

o An input-oriented model is used, focusing on minimizing resource inputs (e.g., water, energy) to maintain the same level of 

output, in line with sustainable practices. 

• Mathematical Formulation: Let n be the number of farms, xi the input vector, and yi the output vector. DEA solves the following 

optimization problem: 

Maximize 

 

• subject to θ≤1 for all farms, where ur and vi are weights assigned to inputs and outputs. 

 

4. Selection of Variables 

Table 2. The study incorporates both economic and ESG indicators as inputs and outputs for the DEA model. 

• Inputs • Outputs 

o Water consumption (m³) 

o Energy usage (kWh) 

o Fertilizers and pesticides (kg or cost) 

o Labor (hours or wage cost) 

o Capital investment (USD) 

 

o Crop yield (kg) 

o Revenue generated (USD) 

o Carbon emissions reduction (kg) 

o Jobs created (number) 

o ESG compliance score (aggregated score based on 

environmental, social, and governance practices) 

[Developed By The Author] 

5. Data Analysis 

DEA software (such as MaxDEA, DEAP, or R packages) will be used to calculate efficiency scores for each greenhouse farm. 

• Efficiency Score Interpretation: 

• A score of 1 (100%) indicates that the farm is efficient, operating on the frontier. 

o Scores less than 1 indicate inefficiency, meaning the farm can improve inputs or outputs to reach optimal performance. 

• Peer Comparison and Target Setting: 

o Inefficient farms will be compared to their most similar, efficient peers (reference farms) to establish achievable targets for 

improvement. 
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6. Sensitivity Analysis 

To ensure robustness, sensitivity analysis will be conducted by adjusting the weightings of inputs and outputs. This will test whether 

the inclusion of ESG metrics significantly impacts the efficiency scores. The sensitivity analysis also helps explore trade-offs 

between different goals (e.g., higher crop yield vs. reduced water consumption). 

 

7. Limitations 

• Data Availability: Limited access to farm-specific ESG data may pose challenges in ensuring accuracy. 

• Subjectivity of ESG Metrics: Assigning scores for social and governance indicators can introduce subjectivity. 

• Comparability Issues: Differences in farm size, crop types, and technology levels may affect comparability despite the use of 

variable returns-to-scale models. 

8. Ethical Considerations 

All data collection will adhere to ethical research standards. Farm managers will be informed about the purpose of the research, and 

their participation will be voluntary. Anonymity and confidentiality of farm data will be ensured throughout the research process. 

This methodological framework provides a structured approach for assessing the economic efficiency of greenhouse farms while 

incorporating ESG criteria. DEA serves as a powerful tool for benchmarking performance, identifying inefficiencies, and promoting 

sustainable practices. By integrating economic and non-financial metrics, this study aims to provide actionable insights for 

improving both the profitability and sustainability of greenhouse farming in Uzbekistan. 

 

RESULTS 

This section presents the findings from the Data Envelopment Analysis (DEA) applied to greenhouse farms in Uzbekistan. The 

results highlight efficiency scores, identify efficient and inefficient farms, and demonstrate how integrating Environmental, 

Social, and Governance (ESG) metrics affects economic performance. 

 

1. Overview of Efficiency Scores 

Using the BCC input-oriented DEA model, the efficiency of 30 greenhouse farms was assessed. The farms were divided into 

three categories based on size: small, medium, and large. 

Average Efficiency Score: Small-scale farms: 0.76 (76%); Medium-scale farms: 0.82 (82%); Large-scale farms: 0.90 (90%); 

Overall average efficiency score: 0.83 (83%) 

 

Table 3. BCC input-oriented DEA model 

 
[Developed By The Author] 

Interpretation: Farms scoring 1 (100%) are efficient, meaning they are using their inputs (water, energy, labor, capital) 

optimally; Farms with scores below 1 are inefficient, indicating opportunities for improvement in resource management or 

governance practices. 
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Table 4. Subsets according to the level of analytical interpretation of the variable value 

 

 
[Developed By The Author] 

3. Identification of Efficient and Inefficient Farms.  

Efficient Farms (DEA Score = 1): 9 out of 30 farms (30%) were identified as fully efficient. These farms serve as benchmarks 

or "reference farms" for the others. Inefficient Farms (DEA Score < 1): 21 farms (70%) exhibited varying degrees of 

inefficiency, primarily due to excessive water usage, high energy consumption, or poor governance practices. 

Table 5. Compensating Environmental Damage: A Strategic Framework for Agricultural Investments 

 
[Developed By The Author] 

4. Key Findings by Input and Output Factors.  

Water Consumption: Efficient farms used 20-30% less water per kg of crop yield compared to inefficient farms, indicating that 

improved irrigation methods (e.g., drip irrigation) significantly enhance efficiency; Farms with high water consumption had DEA 

scores ranging between 0.60 to 0.75, revealing a need to adopt water-saving technologies. 

 

Energy Usage: Farms that implemented renewable energy systems (e.g., solar panels) reported higher DEA scores (0.9 or above); 

High dependency on fossil fuels or inefficient heating systems was associated with lower efficiency scores (below 0.7). 

 

Labor and Social Impact: Greenhouse farms with fair wage policies and consistent employment practices achieved higher 

efficiency, demonstrating that better labor conditions contribute to operational stability; Farms with irregular employment 

patterns or labor disputes scored lower, reflecting the importance of social responsibility in enhancing performance. 

 

Governance and Compliance: Farms that maintained ESG compliance reports and followed local environmental regulations 

had higher DEA scores; Governance factors such as transparent financial practices and participation in government incentive 

programs were positively correlated with efficiency. 

 

4. Impact of ESG Integration on Efficiency 

A comparison of two DEA models—one with traditional inputs/outputs and another incorporating ESG metrics—demonstrated the 

importance of ESG factors: 
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o Without ESG Metrics: Average efficiency score: 0.79 

o With ESG Metrics: Average efficiency score: 0.83 

Insight: 

The inclusion of ESG metrics increased the efficiency scores of several farms, particularly those that excelled in environmental 

stewardship and social responsibility. This finding suggests that sustainable practices enhance economic performance and 

improve access to green financing opportunities. 

 

5. Peer Comparison and Target Setting 

• Peer Farms: For each inefficient farm, the DEA model identified the closest efficient farms (reference peers). The inefficient 

farms can adopt practices from their peers to improve efficiency, such as reducing energy consumption or implementing better 

labor policies. 

• Target Improvements: 

o Water usage: Reduce by 15-20% 

o Energy consumption: Switch to renewable sources for 10-20% of total energy needs 

o Labor practices: Increase employment stability by offering year-round contracts 

 

6. Sensitivity Analysis Results 

A sensitivity analysis was conducted to test the robustness of the DEA model by adjusting the weight of ESG factors. Key findings 

include: 

• Farms that scored high in environmental metrics (e.g., low emissions) maintained high efficiency even after adjustments, 

indicating robust environmental practices. 

• The scores of some inefficient farms improved slightly when social metrics (such as labor practices) were given more weight, 

showing the significance of social responsibility in economic performance. 

• Farms with strong governance (e.g., regulatory compliance) consistently maintained high scores, emphasizing the importance 

of accountability in agricultural operations. 

 

7. Challenges Identified 

• High Energy Costs: Many farms rely on expensive fossil fuels for heating, affecting profitability and reducing efficiency. 

• Water Inefficiency: Although some farms have adopted efficient irrigation methods, water overuse remains a challenge, 

particularly in regions with limited access to modern technology. 

• Labor Instability: Seasonal employment and wage disparities in some farms negatively affect both social responsibility metrics 

and operational efficiency. 

 

8. Summary of Key Results 

• 30% of farms were found to be fully efficient under DEA analysis, while the majority (70%) were inefficient to varying 

degrees. 

• Farms adopting renewable energy systems, efficient irrigation techniques, and fair labor practices achieved the highest 

DEA scores. 

• Incorporating ESG metrics increased the overall efficiency scores, confirming that sustainable practices positively impact 

economic performance. 
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Table 6. Assessing Greenhouse Farm Sustainability: Membership Functions for the Fuzzy Set 'ESG-Efficiency 

 
[Developed By The Author] 

DISCUSSION OF RESULTS 
The findings of this study provide valuable insights into the economic efficiency of greenhouse farming in Uzbekistan and highlight 

the impact of integrating Environmental, Social, and Governance (ESG) metrics into performance evaluations. This section 

discusses the implications of these results, identifying key areas where improvements can be made, exploring the relationship 

between economic performance and sustainability, and offering practical recommendations for policymakers and farm managers. 

 

1. Economic Efficiency and Farm Size 

The variation in efficiency scores across small, medium, and large-scale farms demonstrates that operational size plays a 

significant role in resource management and profitability. Large farms exhibited higher efficiency (90%) compared to smaller farms 

(76%), likely due to economies of scale—such as access to better technologies, bulk purchasing, and more stable labor conditions. 

However, small and medium farms, despite lower scores, offer greater flexibility in adopting innovative practices. 

Policy Implication: 

• Small and medium-sized farms can achieve higher efficiency by collaborating in cooperatives to pool resources, share 

knowledge, and access advanced technologies. 

 

2. Resource Management: Water and Energy Efficiency 

The findings show that farms using modern irrigation systems (e.g., drip irrigation) performed better, demonstrating how 

resource-efficient practices improve economic performance. Inefficient farms, which overuse water and rely heavily on fossil fuels, 

lagged behind in efficiency. Farms that adopted renewable energy sources (e.g., solar) scored significantly higher in the DEA 

model, indicating that energy efficiency directly contributes to operational performance. 

Discussion on Trade-offs: There is often a trade-off between initial investment costs and long-term efficiency gains. Farms that 

invested in solar panels or water-saving technologies faced high upfront expenses but benefited from improved efficiency and 
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reduced operating costs over time. This highlights the importance of green financing and government incentives to encourage 

sustainable practices. 

Recommendation: 

• Uzbekistan’s agricultural policy should promote subsidies for renewable energy adoption and training programs on efficient 

water use to improve both economic and environmental performance. 

 

Table 7. Assessing ESG Efficiency in Greenhouse Farming: Calculation Results from Uzbekistan 

 
[Developed By The Author] 

3. Labor Practices and Social Responsibility 

The results reveal that farms with fair wage policies, stable employment contracts, and good working conditions achieved higher 

efficiency scores. This finding supports the idea that social responsibility strengthens operational stability, leading to fewer 

disruptions in production cycles. On the other hand, farms with seasonal labor instability performed poorly, highlighting the need 

for better labor management practices. 

 

Recommendation 

• Introducing labor policies that promote year-round employment or provide incentives for fair wages will improve both social 

and economic outcomes. 

• Cooperatives and partnerships between farms could offer shared labor opportunities, mitigating the risks of seasonal 

unemployment. 

 

4. Governance and ESG Compliance 

The DEA results indicate that farms with transparent governance practices and strong regulatory compliance achieved higher 

scores, demonstrating that governance plays a critical role in efficiency. Farms that submitted ESG reports or participated in 

government programs benefitted from improved market access and financing options, further enhancing their performance. 

 

Governance as a Competitive Advantage: Participation in ESG frameworks enables farms to align with international standards, 

positioning them for export markets and green financing opportunities. Farms that excelled in governance metrics could attract 

impact investors and public-private partnerships, reinforcing the connection between governance and profitability. 
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Recommendation 

• Uzbekistan’s government should strengthen ESG monitoring and offer incentives for compliance to encourage transparency 

and sustainable practices among farms. 

5. Impact of ESG Integration on Economic Performance 

The study confirms that integrating ESG metrics into economic assessments leads to better overall performance. Farms that 

scored well on environmental, social, and governance factors showed greater resilience and efficiency. This finding supports the 

growing consensus that sustainability and profitability are not mutually exclusive but rather complementary. 

 

Strategic Importance of ESG: Farms that incorporate sustainable practices not only reduce costs (e.g., by minimizing waste or 

energy consumption) but also improve brand reputation, opening doors to green markets and international collaborations. The 

increase in efficiency scores with the inclusion of ESG metrics validates the hypothesis that sustainability boosts operational and 

economic outcomes. 

 

Recommendation 

• Integrating ESG training into agricultural extension services can help farmers adopt sustainable practices and improve their 

business performance. 

• Policymakers should promote ESG-based reporting standards to encourage the alignment of farm operations with national 

and global sustainability goals. 

 

6. Peer Learning and Benchmarking Opportunities 

The DEA analysis identified efficient farms that can serve as benchmarks for others. These efficient farms provide valuable lessons 

in resource optimization, labor management, and governance practices. The findings highlight the importance of peer learning, 

where inefficient farms can adopt practices from their more efficient counterparts to improve their performance. 

 

Recommendation 

• Peer-exchange programs or knowledge-sharing platforms should be established to facilitate the transfer of best practices 

among farms, promoting collective growth in the sector. 

 

7. Limitations and Areas for Future Research 

While the study provides valuable insights, several limitations should be acknowledged: 

• Data Availability: Some farms lacked detailed ESG reporting, which limited the accuracy of certain indicators. 

• Subjectivity of ESG Metrics: Social and governance metrics are inherently subjective, which may introduce some bias in the 

efficiency scores. 

• Technology Adoption: Differences in technology levels across farms affected comparability, even with the variable returns-to-

scale DEA model. 

 

Future Research 

• Expanding the study to more farms and regions will provide a more comprehensive view of the sector. 

• Future research could focus on the financial impact of specific ESG investments, such as renewable energy adoption, to 

quantify the economic returns of sustainability practices. 

 

CONCLUSION 
The results of this study demonstrate that greenhouse farming in Uzbekistan can achieve both economic efficiency and sustainability 

by integrating ESG principles. Farms that adopted sustainable practices—such as water-efficient irrigation, renewable energy, fair 

labor policies, and strong governance—outperformed others in the DEA model. This confirms that ESG-driven growth aligns 

economic performance with sustainable development goals, creating long-term resilience in the agricultural sector. 

 

Policymakers, investors, and farm managers should use these insights to promote sustainable agricultural practices and incentivize 

ESG adoption. With the right support, Uzbekistan’s greenhouse farming sector can become a model for sustainable agricultural 

growth, contributing to national food security and enhancing its competitiveness in global markets. 

 

The results highlight the potential of greenhouse farming to achieve both economic efficiency and sustainability when aligned with 

ESG principles. Efficient farms serve as benchmarks for others, demonstrating that improvements in water and energy use, labor 

policies, and governance practices can enhance performance. Policymakers and farm managers can use these insights to promote 

sustainable agricultural practices through targeted interventions, such as incentives for renewable energy adoption and training 

programs for efficient resource management. 
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This analysis offers a pathway for Uzbekistan’s agricultural sector to not only increase profitability but also meet international 

sustainability standards, thereby fostering long-term growth and resilience. 
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