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Abstract: This study evaluates the efficiency of Greek dairy industry enterprises using a two-stage approach 

with Data Envelopment Analysis (DEA). The production model analyzes inputs such as personnel, net fixed 

assets, and operating expenses in relation to outputs like revenues and gross profits, while the investment 

model examines capital and investment management, assessing inputs such as depreciation and investment 

expenses against investment returns and EBITDA. The results reveal significant efficiency differences 

among the enterprises, with a small percentage achieving full efficiency and serving as benchmarks, while 

many firms display considerable room for improvement, particularly in resource management and 

investment strategies. Slack analysis identifies areas where excessive inputs can be reduced without affecting 

output, while the integration of the production and investment models highlights the need for better 

alignment between these two aspects of efficiency. The findings highlight opportunities for improvement 

through targeted resource management, sustainable practices, and collaboration within the sector. 

Policymakers are encouraged to support these efforts through incentives, funding tools, and the promotion 

of clusters. These insights provide actionable recommendations to enhance competitiveness, foster 

innovation, and ensure the sustainable development of the Greek dairy industry. 
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1. INTRODUCTION 

 

The dairy industry is one of the most dynamic and strategically important sectors of the 

agri-food sector, making a substantial contribution to the global economy, human nutrition 

and sustainable development. According to Fao (2023), global milk production exceeds 900 

million tons per year, with India, the United States and the European Union being the main 

producers. The growing demand for dairy products with high nutritional value and innovation 

in production are leading to steady growth in the sector (Hill, 2024). 

In Europe, the dairy industry represents around 15% of total agricultural production, 

with countries such as Germany, France and the Netherlands playing a leading role. At the 

same time, strict quality regulations and a shift towards sustainable practices are strengthening 

the international competitiveness of European dairy products (Bórawski et al., 2020); 

Eurostat, 2023). 

The Greek dairy industry, with deep roots in tradition, develops by combining small-

scale local production with large-scale industrial activity (Ghadge et al., 2017). At the same 

time, industry faces challenges, such as increasing production costs due to inflationary 

pressures, changes in consumer preferences and the need to adapt to modern sustainability 

requirements. However, Greek dairy industries are investing in innovation, introducing new 

production technologies and diversifying their products to respond to international market 

trends (Koutouzidou et al., 2022). Large companies control approximately 90% of the market, 

while smaller units serve local needs and maintain cultural tradition (Icap. CRIF, 2023). Basic 

products, such as strained yogurt, occupy a dominant position in exports, representing 73.8% 

of the sector's total exports. 

Figure no. 1 shows the changes in the consumption of different categories of milk in 

Greece for the year 2023. We observe that fresh pasteurized milk recorded a decrease of 9.7%, 

while categories such as highly pasteurized milk and milk drinks recorded increases. This 

reflects the changing consumer trends in the Greek market. 

 

 

Figure no. 1 – Changes in Milk consumption in Greece (2023) 

Source: Icap. CRIF (2023) 
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Figure no. 2 shows the evolution of Greek yogurt exports during the period 2018-2023. 

Greek yogurt exports remain at high levels, recording a slight increase from 2018 to 2023. 

Yogurt continues to be a key export product of the Greek dairy industry, strengthening its 

international competitiveness. The decline in Greek yogurt exports in 2022 is mainly due to 

the increase in production costs due to inflation and the energy crisis, intense competition 

from other countries, and supply chain disruptions following the pandemic. At the same time, 

changes in consumer preferences towards plant-based yogurts and the strengthening of local 

production in importing countries have affected demand. 

 

 

Figure no. 2 – Greek yogurt exports (2018-2023) 

Source: Icap. CRIF (2023) 

 

Figure no. 3 shows the evolution of milk production in Greece from 2013 to 2023. Milk 

production in Greece has shown a steady decline over the period 2013-2023, mainly due to 

structural changes in the sector and reduced demand. This trend reflects the challenges facing 

the sector, such as increasing production costs and changing consumer preferences. 

 

 

Figure no. 3 – Milk production in Greece (2018-2023) 

Source: Icap. CRIF (2023) 
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The decline in milk production in Greece in recent years is due to factors such as the 

increase in production costs, the decrease in the number of livestock units, the aging of the 

population involved in livestock farming, climate change and changes in consumer habits, 

such as the shift to plant-based beverages. At the same time, the lack of strategic support for 

the sector and structural difficulties intensifies the problem. These conditions make it 

necessary to analyze the financial data of companies in the sector, to evaluate the productivity 

of their investments and enhance the efficiency of their operation. Such an approach can 

provide valuable guidance for improving the competitiveness and sustainability of the sector. 

The challenges faced by the Greek dairy industry highlight the critical need for targeted 

strategic adjustments that will enhance its competitiveness in an ever-changing international 

environment. The necessity of investments in advanced technologies is of vital importance, 

as these can contribute to increasing productivity and effectively managing available 

resources (Koutouzidou et al., 2022). At the same time, the adoption of sustainable practices 

aligned with global sustainability trends, such as reducing the environmental footprint and 

implementing circular production models, is essential for maintaining international 

competitiveness (Bórawski et al., 2020; Pliakoura et al., 2024b). 

Furthermore, the cultural value of Greek dairy products, which combine the uniqueness 

of local raw materials with centuries-old tradition and expertise, can be leveraged as a 

strategic advantage for international differentiation (Ghadge et al., 2017). Harnessing this 

identity offers opportunities for penetration into new markets, particularly among consumers 

seeking high-quality products with an authentic character. 

Simultaneously, the analysis of the sector's efficiency assumes a pivotal role, as it 

enables a scientific understanding of resource utilization, production operations, and 

investment profitability. Through tools such as Data Envelopment Analysis (DEA), the 

quantitative evaluation of efficiency is possible at various levels, from operational to regional. 

Such analyses provide valuable data for policymaking and strategic decisions, ensuring a 

balance between tradition and innovation while laying the groundwork for the sector’s long-

term sustainable development (Gardijan and Lukać, 2018; Mavrommati et al., 2024). 

While previous studies have examined either production or investment efficiency in 

agrifood sectors using DEA, the integration of both dimensions into a unified efficiency 

assessment remains limited, especially in the context of the dairy industry. This paper 

addresses this gap by applying two DEA models to separately evaluate operational and 

investment efficiency and then combining their outputs into a composite model that reflects 

overall performance. In doing so, the study contributes to the literature by offering a 

comprehensive approach to efficiency analysis and providing practical insights for both 

policymakers and business decision-makers in the Greek dairy sector. 

The remainder of this paper is organized as follows: Section 2 presents the relevant 

literature on the application of DEA analysis in the food and dairy industries. Section 3 

describes the methodology and data used for the analysis, while Section 4 presents and 

analyzes the results. Finally, Section 5 discusses the findings, and Section 6 provides 

conclusions and policy recommendations. 

 

2. LITERATURE REVIEW 

 

Data Envelopment Analysis (DEA) is one of the most widely used efficiency assessment 

tools, introduced by Charnes et al. (1978). This method allows simultaneous analysis of 



Scientific Annals of Economics and Business, 2025, Volume 72, Issue X, pp. 1-23 5 
 

multiple inputs and outputs, facilitating the evaluation of the efficiency of decision-making 

units (DMUs). The flexibility of DEA makes it ideal for the food and dairy industry, and it 

can be adapted to incorporate external factors, such as environmental indicators and 

regulatory requirements, providing a more multidimensional picture of efficiency (Halkos and 

Petrou, 2019; Hermoso-Orzáez et al., 2020). 

This method has become much more common, with 82% of the relevant publications 

recorded in the period 2013–2019. This reflects the growing acceptance and adoption of the 

method in new areas, such as environmental efficiency and sustainability analysis 

(Emrouznejad and Yang, 2018). Although DEA is widely applied in industries such as 

tourism, financial services, and healthcare, its use in the food industry remains relatively 

limited (Karakitsiou et al., 2007; Lukač and Gardijan, 2017; Mavrommati et al., 2022; 

Chrysanthopoulou et al., 2023; Mavrommati et al., 2024). This can be attributed to factors 

such as the lack of specialized data and tools, as well as the reduced adoption of the method 

by small and medium-sized enterprises that often dominate the agri-food sector (Liu et al., 

2013). Despite these challenges, DEA remains a flexible and powerful tool for analyzing 

multidimensional data, making it ideal for improving efficiency and sustainability in this field 

(Halkos and Petrou, 2019; Mavrommati et al., 2021). 

In literature, the "Food and Beverage" sector attracts great interest, as it is a crucial pillar 

of the global economy (Karakitsiou et al., 2004; Mavrommati and Migdalas, 2005; 

Mavrommati and Papadopoulos, 2005; Assaf and Matawie, 2009; Karakitsiou and 

Mavrommati, 2009; Chatzitheodoridis et al., 2013; Kapelko and Oude Lansink, 2022; 

Pliakoura et al., 2024a). The use of DEA in this sector has proven to be particularly effective 

for analyzing efficiency at various levels, such as production, distribution and sustainability. 

For example, Assaf and Matawie (2009) developed a two-stage approach to assess operational 

and financial efficiency in the food industry in Australia, offering valuable suggestions for 

improvement. Similarly, Liu et al. (2022) used Two-Stage DEA to analyze environmental 

efficiency in the Chinese industrial sector, focusing on the interaction of inputs and 

environmental parameters. Furthermore, Yang and Ma (2019) examined efficiency in 

vegetable agricultural production, demonstrating the multidimensional application of DEA in 

agricultural and industrial production. Although the method is widely used, more research is 

needed in specific sectors and markets with high demands for sustainability and efficiency 

(Chatzitheodoridis et al., 2016; Kalfas et al., 2024; Kalogiannidis et al., 2024). 

The dairy industry is one of the most interesting areas of application of DEA, even 

though it has been less studied compared to other categories of the food industry. Theodoridis 

and Psychoudakis (2008) used DEA and Stochastic Frontier Analysis (SFA) to evaluate 165 

Greek dairy farms, identifying significant room for improvement through better resource 

management. Vlontzos and Theodoridis (2013) investigated the efficiency and productivity 

change in the Greek dairy industry, identifying fluctuations that affect efficiency. At the 

international level, Jaforullah and Whiteman (1999) analyzed the scale efficiency of the New 

Zealand dairy industry, while Krause and Nowoświat (2019) assessed the energy efficiency 

of dairy production systems in the same country, identifying best practices for sustainable 

production. Furthermore, Aldeseit (2013) used DEA to measure scale efficiencies in 

Jordanian dairy farms, while Lima et al. (2018) analyzed efficiency levels in the Brazilian 

dairy industry, focusing on improvement strategies. Furthermore, Ruales-Guzmán et al. 

(2021) analyzed the efficiency of 19 dairy companies in Colombia, identifying efficient and 

inefficient businesses using the VRS model. Mo et al. (2014) applied various DEA models to 
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measure efficiency in the dairy industry, providing practical suggestions for improving 

productivity. A more advanced approach is presented by Khalili-Damghani et al. (2011), who 

applied a hybrid combination of DEA and fuzzy logic to measure efficiency in the flexibility 

of supply chains in the dairy sector. The improvement strategies proposed by these studies 

highlight the value of DEA as a tool to support sustainable practices, enhance 

competitiveness, and increase efficiency in the dairy sector. 

The food industry in general benefits from the application of DEA, as it offers a robust 

framework for assessing efficiency in multidimensional operations. Ghadge et al. (2017) 

analyzed the efficiency of small and medium-sized enterprises in the food industry, 

incorporating parameters such as environmental investments and regulatory requirements, 

demonstrating the flexibility of DEA in measuring complex systems. Similarly, Saha (2020) 

used a Two-Stage DEA approach to analyze efficiency in the food processing industry in 

India, providing a separation between market and technical efficiency. 

The variables used in DEA analyses are numerous and tailored to the requirements of 

each sector. Inputs traditionally include raw material costs, energy consumption, labor use, 

technological investments and infrastructure among others. On the output side, variables such 

as the quantity of products produced, net profit, product quality and environmental efficiency 

are measured. In the context of Two-Stage DEA, external factors such as geographical 

location, climatic conditions, regulatory requirements and social responsibility indicators are 

incorporated to provide a more comprehensive picture of efficiency. In conclusion, DEA and 

Two-Stage DEA offer powerful tools for understanding efficiency and sustainability in the 

food and dairy industry. Despite existing studies, there is a need for further research, 

especially in regions and sectors with limited application of the method. 

The two-stage DEA approach is applied for the multidimensional evaluation of 

efficiency, enabling analysis in two interconnected stages. The first stage may focus on 

operational or financial aspects, as in the studies by Yang (2006) and Assaf and Matawie 

(2009), while the second stage incorporates external factors or undesirable outcomes, such as 

pollutant emissions (Aminuddin et al., 2017). Studies like those by Gutiérrez et al. (2017) 

utilized the first stage to identify sources of inefficiency and the second to analyze exogenous 

factors. Hanoum et al. (2020) highlighted the application of the approach in the creative 

industry sector, while Liu et al. (2022) confirmed its ability to capture multidimensional 

interactions in complex sectors, such as the dairy industry. This methodology has proven to 

be flexible and useful for understanding and improving efficiency across various industries. 

Despite the increasing use of DEA in agrifood efficiency analysis, most existing studies 

tend to focus on either production or investment aspects separately. Composite models integrate 

both remain uncommon, particularly in the dairy sector. This study seeks to fill this gap by 

applying a combined DEA approach tailored to the structure of the Greek dairy industry. 

 

3. DATA AND METHODOLOGY  

 

This study develops a comprehensive two-stage Data Envelopment Analysis (DEA) 

model to evaluate the overall efficiency of the Greek dairy industry, using data for the year 

2023 obtained from ICAP. The analysis focuses on a sample of 33 enterprises, integrating 

production and investment perspectives to provide a systematic assessment of efficiency. An 

input-oriented DEA model was selected, as it reflects the strategic goal of minimizing 

resource usage—a key concern in a sector facing rising production costs and input 
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inefficiencies. The model aims to minimize inputs in the production stage and maximize 

outputs in the investment stage, aligning with the specific objectives of dairy enterprises. 

 

Production Approach  

The production approach treats firms as units that produce products through the 

utilization of human, capital and other resources. Inputs include personnel, fixed assets, 

facilities, working capital and operating expenses, while outputs include sales revenue and 

gross profit. This approach assesses the ability of firms to achieve efficient production and 

cost control, supported by the existing literature on efficiency in the food industry.  

 

Investment Approach  

In the investment approach, firms are treated as financial intermediaries that invest 

capital to maximize return and value. Inputs include depreciation, investment expenses and 

total investment capital, while outputs include investment profits and EBITDA. This approach 

aims to measure the efficiency of investment strategies, considering the desire of businesses 

to maximize profits.  

 

Integration of Stages  

In the second stage, the efficiency results of production and investment are integrated 

into a single DEA model to generate a composite efficiency score. A dummy variable (with a 

constant value across all DMUs) is used as the sole input, while the outputs are the production 

efficiency and the inverse of the investment efficiency obtained from the first-stage models. 

This formulation ensures that both aspects contribute to the overall score, with greater weight 

assigned to the dimension in which each firm performs relatively better. The model is 

specified under the CCR (Constant Returns to Scale) assumption to ensure comparability 

across units. The practical objective of this step is to evaluate the overall managerial 

effectiveness of each enterprise by assessing its ability to balance productive operations and 

investment performance in an integrated and interpretable framework. 

The data used in this study concern the Greek dairy industry for the year 2023. The 

information was collected from Icap. CRIF (2023), a reliable source of economic and business 

data, ensuring the accuracy and timeliness of the analysis. The analysis utilizes both the BCC 

and CCR models to comprehensively examine scale efficiency issues, providing valuable 

information for improving the operational and investment strategy of Greek dairy businesses. 

The DEA models were implemented using the R software environment, which supports robust 

linear programming techniques suitable for efficiency analysis. 

Data Envelopment Analysis (DEA) is a mathematical programming approach for 

evaluating the relative efficiency of decision-making units (DMUs) that utilize multiple inputs 

to produce multiple outputs. DEA identifies a set of efficient DMUs that define the best 

practice frontier and evaluates other units against this benchmark. This section presents the 

two primary models used in DEA: the CCR model (Charnes et al., 1978), which assumes 

Constant Returns to Scale, and the BCC model (Banker et al., 1984), which assumes Variable 

Returns to Scale. These foundational models form the basis for evaluating technical and scale 

efficiency within DEA. 

The BCC model assumes variable returns to scale and is formulated as follows. For each 

DMU₀ under evaluation, the input-oriented model is defined as a linear programming 

problem: 
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min(𝜃, 𝜆𝑗) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜: ∑ 𝜆𝑗𝑦{𝑟𝑗}

{𝑛}𝜆ⱼ

{𝑗=1}

≥  𝑦{𝑟𝑜}  𝑓𝑜𝑟 𝑟 =  1, 2, … , 𝑠 

∑ 𝜆𝑗𝑥{𝑖𝑗}

{𝑛}𝜆ⱼ

{𝑗=1}

≤  𝜃 𝑥{𝑖𝑜}  𝑓𝑜𝑟 𝑖 =  1, 2, … , 𝑚 

𝜆ⱼ ≥  0  𝑓𝑜𝑟 𝑗 =  1, 2, . . . , 𝑛 
 

In the BCC model, the following convexity constraint is also added: ∑ₖ λₖ = 1, where: 

θ: Efficiency score of the DMU under evaluation 

xij: Input i for DMU j 

yrj: Output r for DMU j 

λj: Intensity variable for DMU j 

n: Number of DMUs 

m: Number of inputs 

s: Number of outputs 
 

The solution yields the efficiency score θ\thetaθ for the DMU under evaluation, along 

with the λ\lambdaλ-weights that form the convex combination of peer units comprising its 

reference set. 

The BCC model evaluates the pure technical efficiency (PTE) of DMUs by excluding 

scale effects, offering a measure of managerial performance. In contrast, removing the 

convexity constraint, as in the CCR model, expands the feasible region and may reduce the 

number of units classified as efficient. 

The CCR model assumes constant returns to scale (CRS) and provides a measure of 

overall technical efficiency. Unlike the BCC model, it does not include the convexity 

constraint ∑𝜆𝑘 = 1, and thus assumes that all DMUs operate at an optimal scale. This model 

is useful for identifying both technical and scale inefficiencies simultaneously. 

A DMU is considered strongly efficient if it lies on the efficient frontier and all input 

and output slacks are zero. In contrast, weak efficiency is observed when a DMU obtains an 

efficiency score of 1 but retains positive slacks in some dimensions. This distinction is 

important for understanding the full potential for improvement (Cooper et al., 2004; Soltani 

et al., 2021; Oukil, 2024). 

Selecting appropriate inputs and outputs is critical for accurate measurement of 

efficiency. In this study, the selected variables reflect key aspects of the operation of 

businesses in the Greek dairy industry. 

 

Production model 

Outputs  

Revenue - Sales: Represents the total income derived from the sale of products or 

services. This variable provides an indication of the business's commercial performance and 

position in the market. Coelli et al. (2005) highlighted revenue as a central measure in 

efficiency analyses, particularly in competitive markets. Sellers-Rubio (2010) demonstrated 

its use in assessing wineries' performance, emphasizing its critical role in financial evaluation. 
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Gross Profit: Defined as the difference between revenue and cost of goods sold. Gross 

profit reflects the efficiency of the production model and the ability to control costs.  Kaplan 

and Norton (1996) described gross profit as a foundational indicator of operational efficiency, 

central to strategic business planning. Färe et al. (1994) linked gross profit with technical 

efficiency in evaluating production models. 

 

Inputs  

Personnel: Refers to the total number of employees involved in the operations of the 

business. Human resources are a critical factor in the production capacity and quality of the 

products produced. Becker and Huselid (1998) underscored the critical role of effective human 

resource management in boosting operational efficiency. Voulgaris et al. (2013) emphasized 

personnel's influence on productivity and firm performance in labor-intensive industries. 

Net Fixed Assets: Represent the financial value of long-term tangible investments such 

as buildings, machinery, and equipment, as recorded in company balance sheets. This variable 

reflects the capital invested in the production capacity of the firm, encompassing both 

movable and immovable assets that are expected to contribute to productivity over time. 

Greene (2008) incorporated fixed assets as key inputs in efficiency analyses, emphasizing 

their role in operational capacity. Karakitsiou et al. (2020) examined how the scale of such 

capital investments affects performance in the hospitality and food sectors using DEA. 

Facilities: Denote the physical operating space and structural layout of the business, such 

as production plants, warehouses, and administrative offices. While these may be part of the 

assets included under Net Fixed Assets, they are considered here in terms of their spatial-

functional role—affecting logistics, capacity utilization, and workflow efficiency. Ray (2004) 

highlighted the contribution of facility layout to technical efficiency in agricultural 

enterprises. Seiford and Zhu (1999) also assessed how infrastructure characteristics directly 

impact production performance. 

Working Capital: Defined as the difference between current assets and short-term 

liabilities. It reflects the liquidity of the business and its ability to meet daily operational needs.  

Hill et al. (2013) highlighted the importance of working capital management for maintaining 

operational stability. Reddy et al. (2019) reviewed the role of working capital in financial and 

operational efficiency across industries. 

Operational Expenses: These include the costs associated with the daily operation of the 

business, such as salaries, energy and raw materials. Managing operating expenses is critical to 

maintaining profitability and competitiveness. Kaplan and Norton (1996) emphasized the role of 

operational cost management in improving efficiency. Dobos and Vörösmarty (2019) analyzed 

operational expenses in supply chain performance, linking cost management with competitiveness. 

 

Investment model 

Outputs  

Investment Gains in Equities and Real Estate: The total profits arising from investments in 

financial and real estate assets.  Evaluates the effectiveness of the company in managing high-risk 

and high-return investments. Banker et al. (1984) incorporated investment gains in efficiency 

models, showcasing their role in financial stability. Additionally, Karagiannis and Sarris (2005) 

analyzed the efficiency of Greek tobacco growers, highlighting the significance of scale efficiency 

and strategic resource allocation in promoting sustainable agricultural performance. 
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Earnings Before Interest, Taxes, and Depreciation (EBITDA): The company's operating 

profits before interest, taxes, depreciation, and impairments are deducted. Measures the 

profitability of the company from its core operations, regardless of financing or accounting 

policies. Damodaran (2001) advocated EBITDA as a key metric for operational performance 

and valuation. Latruffe et al. (2008) used EBITDA in multi-criteria efficiency evaluations, 

emphasizing its relevance across sectors. 

 

Inputs  

Total Depreciation: The cost of wear and tear and the reduction in value of fixed assets. 

Demonstrates the efficiency of the use of fixed assets in operation and investment. Penman 

(2010) and Battese and Coelli (1995) analyzed depreciation's role in operational efficiency 

and financial planning. 

Investment Expenses: Expenditures incurred to acquire or upgrade assets and 

investments. Evaluates the effectiveness of investments in relation to their performance. Assaf 

and Matawie (2009) studied investment expenses in cost efficiency analyses of Australian 

wine companies. Jensen (1999) explored their impact on firm growth and strategy execution. 

Total Investments: The total capital committed to investment activities. Purpose: 

Reflects the scale and effectiveness of the investment strategy. Färe et al. (1994) and Greene 

(2008) analyzed total investments in efficiency models to assess their impact on long-term 

growth. Voulgaris et al. (2013) linked investment levels to competitiveness and financial 

stability in volatile markets. 

Figure no. 4 illustrates the structure and methodology used to evaluate the efficiency of 

businesses. In the first stage, two separate processes are analyzed: the production model and 

the investment model. In the second stage, the efficiencies from the two initial models are 

integrated into a single index, which assesses the overall efficiency of each business unit. 

 

 
 

 

Figure no. 4 – Structure and Methodology of Efficiency Evaluation in Two Stages 
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The second stage of the analysis serves a critical practical purpose: it enables the 

integration of two distinct efficiency dimensions – operational and investment – into a single 

composite indicator that captures the overall performance of each enterprise. While the first-

stage models evaluate production and investment efficiency separately, real-world business 

performance depends on the interplay and alignment between these two domains. The second 

stage thus reflects the ability of a firm to balance productive operations with sound investment 

strategies. This composite efficiency score provides actionable insights for both managers and 

policymakers by identifying firms that excel in both areas, highlighting those with 

mismatches, and guiding targeted interventions. For example, an enterprise that performs well 

in production but poorly in investment may need to revise its capital allocation policies. 

Conversely, high performance in both stages indicates a sustainable and balanced business 

model that can serve as a benchmark for others in the sector. 

 

4. RESULTS 

 

The results section begins with a statistical overview of the sample firms, which provides 

context for the efficiency evaluation that follows. 

 
Table no. 1 – Descriptive statistics of outputs and inputs in production model 

 Max Median Min Average Standard Deviation 

Outputs      

Revenue (Sales) 328197728 31422000 1117938 67208893.61 82382872.33 

Gross Profit 64135000 4550000 358437 13327460.73 17272875.25 

Inputs      

Personnel 1025 125 14 250.36 277.64 

Net Fixed Assets 254627824 8236059 34294 31730442.27 58798886.14 

Facilities 114647263 7087410 95870 17427980.64 25410650.96 

Working Capital 181636058 7251000 99929 23004334.88 36789549.26 

Operational Expenses 71234000 4214580 438167 11315733.52 16170588.8 

 

Table no. 1 presents the summary statistics for outputs and inputs in the production model 

of the dairy industry. The analysis of these statistics reveals that, for outputs, revenue (sales) has 

a significant range, with a maximum value of €328197728, a median of €31422000, and a 

minimum of €1117938, resulting in an average of €67208893.61 with a standard deviation of 

€82382872.33. Gross profit exhibits similar variability, with an average of €13327460.73 and a 

standard deviation of €17272875.25, suggesting disparities in profitability. Personnel size 

ranges from 14 to 1025 employees, with a median of 125, reflecting diverse workforce sizes. 

For inputs, net fixed assets exhibit the largest variability, with a maximum of 

€254627824 and a minimum of €34294, averaging €31730442.27 with a standard deviation 

of €58798886.14. Facilities, working capital, and operational expenses follow similar patterns 

of high variability, with average values of €17427980.64, €23004334.88, and €11315733.52, 

respectively. The high standard deviations across inputs underscore significant differences in 

resource utilization among dairy enterprises, highlighting the potential for operational 

improvements to align performance with industry leaders. 
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Table no. 2 – Descriptive statistics of outputs and inputs in investment model 

 Max Median Min Average Standard Deviation 

Outputs      

Investment Gains in 

Equities and Real Estate 
2943002.8 162361 3247.7 521314.68 695046.76 

EBITDA 29410028 912800 32477 5494725.24 8311436.09 

Inputs      

Total Depreciation 45114000 2497799 26895 8664110.12 12251936.86 

Investments Expenses 7259000 70736 1639 634626.97 1460578.61 

Total Investments 54828000 4897085 80061 13403835.5 15332986.3 

 

Table no. 2 presents descriptive statistics for the investment model inputs and outputs. 

The results indicate high variability across all variables, with significant differences between 

maximum and minimum values, suggesting the presence of outliers and a wide range of 

practices. For example, investment gains in equities and real estate range from a minimum of 

3247.7 to a maximum of 2943002.8, with an average of 521314.68 and a standard deviation 

of 695046.76, highlighting substantial dispersion. Similarly, total depreciation varies from 

26895 to 45114000, with an average of 8664110.12 and a standard deviation of 12251936.86. 

These large discrepancies, along with high standard deviations, reflect diverse business 

profiles and the influence of extreme values. 

 
Table no. 3 – DEA Results for Production and Investment Models 

 Production Investment 

 CCR BCC CCR BCC 

Average Score 0.59 0.76 0.40 0.56 

Standard Deviation 0.23 0.22 0.36 0.35 

Maximum Efficiency Score 1 1 1 1 

Minimum Efficiency Score 0.33 0.38 0.02 0.06 

Number (and %) of Efficient DMUs 6 (18.18%) 11 (33.33%) 5 (15.15%) 11 (33.33%) 

Strongly Efficient DMUs (n, %) 4 (12.12%) 8 (24.24%) 4 (12.12%) 7 (21.21%) 

Weakly Efficient DMUs (n, %) 2 (6.06%) 3 (9.09%) 1 (3.03%) 4 (12.12%) 

DMUs with Increasing Returns 19 - 4 - 

DMUs with Constant Returns 1 3 2 5 

DMUs with Decreasing Returns 13 - 27 - 

Benchmark DMUs 1, 4, 6, 11 2, 3, 5, 8 1, 5, 9 2, 5, 11 

Note: Benchmark DMUs are those used as reference units (with λ > 0) in at least one other DMU. These 

units are efficient and form the best-practice frontier under each model. 

 

Table no. 3 presents the DEA-based efficiency scores of Greek dairy enterprises, 

evaluating both production and investment activities under Constant Returns to Scale (CCR) 

and Variable Returns to Scale (BCC) assumptions. The comparison across the four models 

highlights notable differences in performance and inefficiency patterns among firms. 

The average efficiency scores indicate better performance under BCC assumptions. In 

the production model, the average score is 0.76 under BCC and 0.59 under CCR. Similarly, 

for the investment model, the average score reaches 0.56 under BCC, compared to 0.40 under 

CCR. These results reflect the ability of the BCC model to account for scale inefficiencies, 

offering a more flexible representation of firm-level efficiency. 
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The standard deviation values are relatively similar across models, indicating comparable 

dispersion. In production, the CCR and BCC models report standard deviations of 0.23 and 0.22, 

respectively. For the investment model, variability is slightly higher (0.36 CCR, 0.35 BCC), 

suggesting greater heterogeneity in capital allocation and investment outcomes. 

All models include fully efficient firms, as denoted by the maximum score of 1. 

However, the minimum efficiency scores reveal significant inefficiencies – particularly in 

investment. While the production model reports minimum scores of 0.33 (CCR) and 0.38 

(BCC), the investment model scores drop to 0.02 (CCR) and 0.06 (BCC), indicating major 

performance gaps in investment efficiency. 

The number of efficient firms differs by model. In the production model, 11 firms 

(33.33%) are efficient under BCC – of which 8 are strongly and 3 weakly efficient – while 6 

(18.18%) are efficient under CCR (4 strongly, 2 weakly). In investment, 11 firms (33.33%) 

are efficient under BCC (7 strongly, 4 weakly), and only 5 (15.15%) under CCR (4 strongly, 

1 weakly). These differences illustrate the broader frontier defined by the BCC model. 

Returns to scale, identifiable only under BCC, provides further insight into performance 

dynamics. In production, 19 firms operate under Increasing Returns to Scale (IRS), suggesting 

potential efficiency gains through expansion, while 13 firms exhibit Decreasing Returns to 

Scale (DRS), reflecting inefficiencies from over-sizing. Only one firm operates at Constant 

Returns to Scale (CRS). In investment, most firms (27) are under DRS, with only 4 under IRS 

and 2 at CRS—highlighting widespread inefficiencies in capital deployment. 

Benchmark DMUs—those serving as reference points with strictly positive λ-values—

are also identified. For production, BCC models select DMUs 1, 4, 6, and 11, while CCR 

models identify DMUs 2, 3, 5, and 8. In investment, the benchmarks under BCC are DMUs 

1, 5, and 9, and under CCR, DMUs 2, 5, and 11. These units form the efficiency frontier and 

can serve as practical examples of best performance within the sector. 

In summary, production activities show more favorable efficiency patterns than 

investment. The BCC models uncover a broader set of efficient firms and richer insights into 

scale characteristics, while CCR models define a stricter efficiency frontier. The results 

highlight the need for performance improvements, particularly in investment strategy and 

scale adjustment, and point to specific firms that can serve as role models within the industry. 

Beyond the numerical results, the DEA findings offer deeper insights into the structural 

and strategic conditions prevailing in the Greek dairy industry. The significant gaps in 

efficiency – particularly within the investment dimension – highlight challenges in capital 

deployment, financial planning, and long-term strategic orientation. The widespread presence 

of decreasing returns to scale in the investment model suggests over-investment or suboptimal 

resource utilization, indicating the need for more targeted and sustainable growth strategies. 

In contrast, the prevalence of increasing returns to scale among several enterprises in the 

production model points to unrealized efficiency potential, especially for firms operating 

below optimal scale. Strategic expansion or improved resource management could help these 

enterprises move closer to the production frontier. 

Benchmark units identified in all four models act as reference points and illustrate best-

practice operations in both production and investment contexts. Their role is critical, as they 

offer evidence of managerial effectiveness and coherent operational strategies. Promoting the 

practices of these efficient units could foster learning and drive convergence across the sector. 

Furthermore, the divergence in efficiency performance between production and 

investment activities in some enterprises suggests a lack of integrated management. Firms 
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with strong production capabilities but weak investment efficiency may jeopardize long-term 

competitiveness if they fail to align operational success with strategic financial planning. This 

underlines the importance of two-stage DEA models as tools for diagnosing multi-

dimensional inefficiencies and supporting comprehensive, evidence-based decision-making. 

Table no. 4 presents the second-stage DEA efficiency scores, which integrate production 

and investment performance for each DMU. The results show that the mean efficiency score 

is 0.402, indicating that, on average, the DMUs achieve 40.2% of the ideal efficiency, with 

significant variability as reflected in a standard deviation of 0.348. Only 5 DMUs (15.15%) 

are fully efficient (score = 1.0), while the minimum score of 0.023 underscores substantial 

inefficiencies. These findings highlight the need for many DMUs to improve both operational 

and investment strategies to enhance overall performance. 

 
Table no. 4 – Overall Efficiency (Based on CCR Analysis) 

Efficiency Metric Results 

Mean Efficiency Score 0.402 

Variation (Standard Deviation) 0.348 

Top Efficiency Achieved 1.0 

Lowest Efficiency Score 0.023 

Number of Efficient DMUs 5 

Percentage of Efficient DMU 15.15% 

 

Table no. 5 presents the efficiency scores of Decision-Making Units (DMUs) at two 

levels: Average First-Stage Efficiency and Overall Efficiency (Second Stage). The first-stage 

scores reflect the average CCR-based efficiency results from the separate production and 

investment DEA models. These scores indicate how well each enterprise performs in each 

dimension individually. The second-stage score represents the integrated efficiency score 

obtained from the CCR-based composite DEA model, where a dummy input and the first-

stage outputs (production efficiency and inverse investment efficiency) are used. This 

comparison enables the identification of firms with consistent performance across both stages, 

as well as those showing a mismatch between operational and investment efficiency. The 

practical objective of this step is to assess the overall strategic alignment of each enterprise 

by measuring its ability to effectively manage both resource use and capital deployment 

within a unified framework. 

A notable finding is the presence of fully efficient DMUs in both stages. In the first 

stage, DMUs 1, 2, 3, 10, 20, and 22 achieve a perfect efficiency score of 1.0, reflecting their 

ability to optimize both production and investment operations. In the second stage, DMUs 1, 

2, 3, 10, 13, 20, and 22 maintain their efficiency, demonstrating robust integration of 

production and investment efficiencies. These DMUs serve as benchmarks for best practices 

within the dataset. 

Several DMUs exhibit high efficiency across both stages, with scores close to 1.0. For 

instance, DMUs 25, 21, and 29 show consistently strong performance, indicating effective 

operations and minimal inefficiencies during the integration phase. However, some DMUs 

experience significant drops in efficiency between the stages. DMU 7, for example, drops 

from 0.66 in the first stage to 0.37 in the second stage, while DMU 24 decreases from 0.69 to 

0.40. These declines suggest challenges in harmonizing production and investment model. 
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Table no. 5 – DMU-Level Efficiency Comparison 

DMU Average First Stage Efficiency Overall Efficiency (Second Stage) 

1 1.00 1.00 

2 1.00 1.00 

3 1.00 1.00 

4 0.77 0.68 

5 0.76 0.60 

6 0.71 0.55 

7 0.66 0.37 

8 0.69 0.41 

9 0.83 0.68 

10 1.00 1.00 

11 0.73 0.56 

12 0.74 0.48 

13 0.69 1.00 

14 0.75 0.50 

15 0.68 0.48 

16 0.77 0.56 

17 0.75 0.52 

18 0.75 0.51 

19 0.69 0.49 

20 1.00 1.00 

21 0.85 0.70 

22 1.00 1.00 

23 0.85 0.69 

24 0.69 0.40 

25 0.93 0.91 

26 0.69 0.41 

27 0.73 0.49 

28 0.67 0.50 

29 0.85 0.70 

30 0.71 0.46 

31 0.81 0.74 

32 0.74 0.59 

33 0.82 0.64 

 

Moderately efficient DMUs, such as 4, 5, and 9, maintain efficiency scores between 0.55 

and 0.83 across both stages. These units demonstrate potential for improvement but also 

highlight the need for targeted interventions to optimize their operations further. On the other 

hand, DMU 13 shows an improvement in the second stage, reaching a score of 1.0 despite a 

first-stage score of 0.69. This indicates that the integration analysis benefits certain DMUs, 

likely due to better alignment of production and investment activities. 

The efficiency scores across the DMUs display a broad range, with second-stage scores 

spanning from 0.37 to 1.0. Similarly, first-stage scores range from 0.66 to 1.0, reflecting 

varying levels of baseline efficiency. The variation suggests opportunities to analyze 

underperforming DMUs and identify the factors contributing to inefficiencies. 

In summary, while some DMUs consistently excel across both stages, others face 

integration challenges or underperformance. The analysis highlights fully efficient DMUs as 

benchmarks, identifies areas for improvement for moderate performers, and emphasizes the 
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need for strategic interventions to align production and investment efficiencies effectively. 

These findings provide actionable insights for enhancing overall operational performance 

within the dairy industry. 

The analysis focused on the slacks of the production model, as these provide direct 

insights into the management of key resources such as personnel and fixed assets. This choice 

was made because improvements in productive efficiency are more immediate and actionable, 

whereas addressing slacks in the investment model often requires long-term planning and 

capital strategies. Additionally, the available data for the inputs of the production model were 

more detailed, enabling a more precise analysis. 

 
Table no. 6 – Slacks for CCR Production Models 

DMU Personnel Net Fixed Assets Facilities Operational Expenses Working Capital 

1 0.00 0.00 0.00 0.00 0.00 

2 0.00 0.00 0.00 0.00 0.00 

3 0.00 0.00 0.00 0.00 0.00 

4 -30.60 -2857695.61 -3190110.74 0.00 0.00 

5 -23.72 -2263970.46 -1681872.15 0.00 15854955.10 

6 -5.09 -1189571.38 -642489.99 0.00 3826609.08 

7 -15.15 -3039307.65 -1683792.68 0.00 18028793.16 

8 -26.89 -2242743.09 -2834184.07 0.00 30494574.23 

9 -65.43 -527155.04 -639370.24 0.00 9574292.72 

10 0.00 0.00 0.00 0.00 0.00 

11 0.00 -101792533.70 -26682792.38 0.00 315417301.2 

12 -16.46 -17218483.73 -2267626.35 0.00 110274112.3 

13 -6.45 -7852218.913 -6641702.99 0.00 16262604.84 

14 0.00 -122166286.1 -46188767.04 0.00 174896858.70 

15 -15.27 -2728434.288 -2046931.09 0.00 12760248.70 

16 -90.46 -17345582.91 -16625422.80 0.00 9599318.42 

17 -6.42 -3506242.43 -2452293.02 0.00 8728612.64 

18 -73.00 -35577003.45 -10889047.08 0.00 81659406.17 

19 -4.18 -2535309.96 -2673525.82 0.00 5340302.67 

20 0.00 0.00 0.00 0.00 0.00 

21 0.00 -45389813.55 -9483749.61 0.00 254740660.40 

22 0.00 0.00 0.00 0.00 0.00 

23 -33.45 -800926.44 0.00 0.00 11245124.94 

24 -5.22 -3062916.82 -1130403.21 0.00 17444220.27 

25 -269.30 -26284230.98 -23817828.80 0.00 42587518.64 

26 -0.05 -18355090.74 -2138103.45 0.00 75966312.74 

27 -10.55 -2766958.06 -2759233.76 0.00 11343859.81 

28 -1.57 -45816.43 -404679.06 0.00 2532310.68 

29 -533.02 -5687288.81 0.00 0.00 77120180.67 

30 -14.61 -890358.10 -1071963.16 0.00 15082984.69 

31 -116.94 -9025289.21 -4653474.17 0.00 33817534.22 

32 0.00 -31420197.97 -20022387.02 0.00 117786020.10 

33 0.00 -8907076.52 -4637880.69 0.00 62789692.07 

 

Slacks for CCR Production Models (Table no. 6) highlights critical inefficiencies in the 

utilization of inputs across dairy industry enterprises (DMUs). This table provides valuable 
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insights into areas where input reductions are possible without compromising production 

levels, revealing significant opportunities for optimization. 

Several DMUs, such as 1, 2, 3, 10, 20, and 22, exhibit zero slacks across all input 

categories. These DMUs are fully efficient under the CCR model and can serve as benchmarks 

for others. Their effective resource utilization offers valuable lessons in workforce 

management, asset optimization, and cost efficiency. These efficient DMUs demonstrate the 

potential for balancing input utilization with production output, setting the standard for less 

efficient enterprises. 

However, other DMUs show substantial inefficiencies, with notable overuse of inputs. 

For instance, DMU 25 displays the largest slack in both Personnel (-269.30) and Net Fixed 

Assets (-26284231), signaling significant overstaffing and underutilization of fixed assets. 

Similarly, DMU 29 has the highest inefficiency in Personnel (-533.02), suggesting 

opportunities to reduce staffing levels without affecting production. These inefficiencies 

highlight the need for targeted cost optimization strategies, including workforce restructuring 

and better asset allocation. 

The slacks in Facilities and Working Capital also present important findings. DMUs 

such as 16, 18, and 25 show considerable inefficiencies in facilities management, indicating 

potential misallocation or underutilization of physical resources. On the other hand, DMUs 

like 8 and 25 exhibit significant slacks in working capital, pointing to inefficiencies in cash 

flow or inventory management. Addressing these issues could unlock financial and 

operational improvements. 

Interestingly, Operational Expenses exhibit zero slack across all DMUs. This suggests 

that operational costs are being allocated efficiently across the industry, providing a strong 

foundation for further optimization efforts. This insight underscores the importance of 

focusing on other input categories, such as personnel and fixed assets, for greater impact. 

In conclusion, the CCR production model slacks reveal a clear dichotomy between 

efficient and inefficient DMUs in the dairy industry. Enterprises with significant slacks should 

prioritize targeted interventions in workforce management, capital utilization, and facilities 

optimization. By benchmarking against fully efficient DMUs, less efficient enterprises can 

identify best practices and move closer to the efficient frontier. This analysis underscores the 

potential for improved resource allocation and productivity, driving the overall 

competitiveness of the sector. 

 

5. DISCUSSION 

 

The efficiency analysis of Greek dairy industry enterprises through the two steps DEA 

model revealed significant findings that can guide improvement strategies. The production 

and investment models provided a comprehensive view of efficiency, while the integration of 

the two models highlighted notable differences in enterprise performance. 

The production model showed that some enterprises are fully efficient, while others have 

significant room for improvement. The observed slacks in inputs such as personnel and fixed 

assets indicate that many enterprises manage resources inefficiently. The large efficiency 

discrepancies among the DMUs underline the need to adopt best practices employed by the 

most efficient units. Specifically, operational cost management appears generally efficient, as 

most DMUs showed no slack in this area. This suggests a focus on cost control, although 

improvements in other inputs are needed to fully unlock their potential. 
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The investment model revealed poor performance for most enterprises, with results 

indicating ineffective investment strategies. Enterprises need to focus on optimizing capital 

utilization and increasing profitability through more efficient investments. 

The integration of the two models in the second stage exposed inconsistencies between 

productive and investment efficiency. Only a small percentage of enterprises were fully 

efficient, highlighting the need for better alignment of productive and investment activities. 

The analysis showed that enterprises performing well in the production model are not 

necessarily equally efficient in the investment model, and vice versa. This mismatch 

underscores the need for a comprehensive strategy that integrates both domains. 

The analysis provides critical insights for improving efficiency in the dairy industry, 

laying the groundwork for strategic adjustments and sustainable development. Enterprises 

must reduce excessive input usage, such as personnel and fixed assets, through optimal 

resource management, adapting their processes to increase productivity and reduce operating 

costs. Simultaneously, revising investment policies is crucial, with an emphasis on innovation, 

profit growth, and sustainability. Innovation involves adopting technologies that enhance 

production and reduce environmental impact, while profit growth can be achieved through 

targeted investments in high value-added products that meet market demands. For 

sustainability, ensuring long-term economic robustness requires green practices and 

responsible strategies that maintain environmental balance. 

Furthermore, efficient enterprises can serve as benchmarks for less efficient ones, 

sharing expertise and best practices to align strategies and achieve overall sector 

improvement. By implementing these strategies, the dairy industry can enhance its efficiency, 

achieve greater economic robustness, and create a sustainable future for the sector. 

 

6. CONCLUSIONS AND IMPLICATIONS 

 

Conclusions 

The efficiency analysis of Greek dairy industry enterprises using the composite DEA 

approach highlights critical strategic implications for both businesses and policymakers 

seeking sustainable development and enhanced competitiveness. Greek dairy firms can 

capitalize on global trends in sustainability and innovation. The rising demand for high-

nutritional-value products, such as strained yogurt and functional foods (e.g., probiotics), 

creates opportunities for differentiation in international markets. At the same time, the 

integration of advanced technologies, such as automation in production processes, can help 

reduce costs and improve product quality. The analysis also reveals considerable room for 

improvement in investment strategies. With average investment efficiency (0.40) significantly 

lower than production efficiency, there is a clear need to revise capital allocation practices. 

Enterprises should focus on enhancing profitability through targeted investments in high 

value-added products and more efficient management of working capital. 

 

Strategic implications 

Policymakers can play a critical role in supporting the sector by: 

• Providing tax incentives for investments in sustainable practices, such as the use of 

renewable energy sources and waste reduction. 

• Offering financial tools to support small producers in improving their efficiency. 
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• Promoting clusters and collaborations to disseminate best practices and reduce costs 

through shared infrastructure. 

Collaboration among enterprises can act as a catalyst for achieving better efficiency. The 

creation of sectoral clusters and the exchange of expertise can enhance the dissemination of 

advanced technologies and reduce costs. Efficiency improvement, especially among 

businesses operating near the efficient frontier, can enhance the competitiveness of Greek 

products in international markets. The exports of strained yogurt, already a cornerstone of the 

sector’s global presence, can be strengthened through product diversification and quality 

improvement. Transitioning to sustainable practices, such as reducing the environmental 

footprint, can provide a competitive advantage, particularly in environmentally conscious 

markets. The adoption of green technologies and compliance with international standards 

(e.g., ISO 14001) enhance product credibility and market penetration in demanding markets. 

Enterprises in the sector must adopt a comprehensive strategy that combines optimizing 

efficiency in production and investments, aligning with international trends, and integrating 

sustainable practices. Fully efficient enterprises can serve as benchmarks, helping disseminate 

best practices across the sector. Collaboration with policymakers to implement the above 

recommendations can strengthen the Greek dairy sector’s position in global markets. 
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