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Abstract

:

One of the most rapidly growing areas of the organic agricultural system is egg production. However, the price premium often decreases the affordability of organic foods. In this study, the production and sales of organic eggs in Europe were compared, the prices of organic and conventional eggs in Poland were analyzed, and the price premium on the Polish market was evaluated. This study relied on data of Eurostat, Statistics Poland, Agricultural and Food Quality Inspection and Ministry of Agriculture and Rural Development in Poland. The prices of organic and conventional eggs on the Polish wholesale market were analyzed based on the monthly price registers. The production and sales of organic eggs in Europe were characterized by a steady increase. The nominal and real prices of organic eggs were higher than the prices of conventional eggs throughout the entire analyzed period. The nominal prices of organic eggs tended to decrease. However, an upward trend was observed in the real prices of both organic and conventional eggs. The average price premium for organic eggs exceeded 128% (median of 121%). The price premium was characterized by moderate variation (Vc = 33%). In Poland, the price premium was on a downward trend by around 1% per month in the examined period.
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1. Introduction


In recent years, conventional farming and the food processing industry have witnessed several changes, in particular a rapid increase in output and productivity. These processes can be attributed to the introduction of modern technology and the use of artificial fertilizers and pesticides. However, modern agriculture and food production exert growing pressure on natural resources and have a negative impact on the environment. On the other hand, consumers are becoming increasingly aware of the ecological, social and economic consequences of food production, which drives transparency for the food market in line with the sustainable development concept. The strong correlations between public health, a balanced diet and care for the natural environment are important considerations [1,2,3,4]. It should be noted that the greatest changes on the food market have been observed in the segment of foods that are produced traditionally without preservatives or additives. Eating high-quality foods, in particular organic foods, has become an important part of a modern healthy lifestyle [5,6,7].



The demand for organic food continues to increase, but organic foods account for only a small percent of total food consumption in most countries in the world [8,9,10,11,12]. Organic food sales are highest in the most affluent European countries. In Europe, the leading consumer of organic food is Denmark (13.4%), followed by Sweden (13.4%) and Switzerland (9%) [13]. However, price premiums often decrease the affordability of organic foods. Price premiums for organic produce exceed those for conventionally produced food by as much as 5–30% for milk and dairy products, 5–60% for cereal products, 20–82% for eggs, 60% for carrots and onions, and 40% for potatoes [9,14,15,16,17,18]. The organic price premium is higher for processed food than for raw food [9]. In organic fish, price premiums can be as high as 10–60% [19,20]. Consumers are willing to pay very high premiums only in isolated cases. Van Loo et al. [21] found that consumers were willing to pay a price premium of 244% for organic chicken breast certified by the United States Department of Agriculture (USDA). However, price premiums decrease over time as supply increases and organic foods are introduced by supermarkets [9,22]. It should also be noted that not all organic produce is sold at a premium [13]. This trend is particularly visible in less developed Asian markets [23].



Price premiums for organic foods have been rarely investigated in Poland. Statistical data on the prices and sales of conventional foods are widely available, whereas the relevant information is scarce or unavailable in the organic food sector. In 2009, Łuczka-Bakuła and Smoluk-Sikorska [24] analyzed price premiums in 34 retail outlets (10 specialty stores, 7 large-area chain supermarkets and 17 conventional stores offering organic foods) in Poznań, the capital city of the Region of Wielkopolska. The authors analyzed the prices of 57 products, mostly fruit and vegetables, but the relevant data were collected only once, and they did not constitute a time series. Price premiums ranged from 34.3% to 323.9% (the highest premiums were noted for onion), and the average premium exceeded 161%. These findings reflect the characteristics of the Polish market where, despite high potential demand, real demand, which is driven by prices and incomes, is low. Supply is also relatively low, and imported processed foods play the main role on the market [25]. The above can be attributed mainly to relatively high public subsidies for organic farms. The production of organic food is low, but organic farms contribute to the protection of biological diversity [26]. Paradoxically enough, around 80% of Polish organic food is exported [27]. However, the relevant information is scarce or unavailable in the organic food sector. Data relating to organic farming should be collected and analyzed to provide valuable inputs for the institutions responsible for organic farming laws and regulations, as well as for food processing companies, retailers, wholesalers, farmers and researchers or policy makers. Analyses of price premiums can reveal product shortages, excess stock or other changes in the relationship between demand and supply. Price premiums can be monitored to gather information about the pricing strategies of market competitors, in particular foreign businesses.



In the global organic food market, the highest price premiums are charged for dairy products [28] and eggs [17,29]. For this reason, egg production is one of the most rapidly growing segments of the organic food market. The demand for eggs is high both for consumers and by the food processing industry [30]. Eggs are a source of high-quality protein, essential nutrients, vitamins and minerals [31]. Organic egg production systems are based on crop production for farm-made feeds, on organic farmland and permanent grassland, mostly because livestock cannot be raised on organic farms that do not cultivate land. According to regulations, free-range and organic chickens have to be provided with access to extensive green spaces.



Organic eggs are often regarded as the epitome of healthy eating. In many countries, organic egg farms are among the most successful businesses on the retail market. In wealthy West European countries, organic eggs have an 8–30% share of the poultry market. They account for more than 20% of sales on organic food markets in Switzerland and Sweden, and even 30% in Denmark and France [13]. In Poland, organic eggs are in very low supply, and they have a mere 0.2% share of the egg market [32]. Unfortunately, relevant information about price premiums for the global organic egg market are scant [17,33,34], and price premiums for eggs have never been researched in Poland. However, Polish consumers have a growing interest in innovative animal products, in particular eggs, which is a promising trend [31,35]. For this reason, the organic egg market is an ideal candidate for an analysis of price premiums.



According to Millock et al. [9], many researchers focus primarily on price premiums in consumer markets and investigate consumers’ willingness to pay more for organic foods. In this study, wholesale price premiums were analyzed based on an extensive set of data of prices for organic and conventional foods.



The aim of this study was to estimate and determine trends in the price premiums for organic food products on the example of the Polish wholesale egg market. The specific objectives of this study were to contrast Poland’s (1) organic egg production relative to other European countries that have recently increased and (2) organic and conventional egg price differences and subsequent organic price premiums, both of which may have increased.




2. Background


2.1. Organic Farming and the Organic Food Market in the World


The total area under organic farming, including fully converted land and area under conversion, has been increasing steadily around the world. The area of organically cultivated land increased more than four-fold from 15 million hectares in 2000 to 70 million hectares in 2017. However, a decrease in the area under organic agriculture was also noted in two years during the investigated period, relative to the preceding year, in 2005 (by 2.42%) and 2010 (by 1.54%).



The percentage of organically farmed land in total agricultural land is low, but it continues to increase steadily. The share of land under organic agriculture increased nearly two-fold from 0.7% in 2005 to 1.4% in 2017. Based on the available data, organic agricultural areas are likely to increase by around 2.5 million hectares per year (Figure 1).



In 2017, Oceania had the largest area under organic management (35,894,365 ha), which accounted for more than 51% of total organic farmland in the world and around 8.5% of total agricultural land in Australia. Europe had 14,558,246 ha of organic land (25% of total organic farmland in the world), which accounted for a mere 2.9% share of total agricultural land in Europe and 6.8% in the EU-28. Europe was followed by Latin America with 8,000,888 ha of organic farmland (12.3%). In Poland, organic land spanned an area of nearly 495,000 ha (Table 1), including 111,733.31 ha of land transitioning to organic and 383,245.35 ha of fully converted land at the end of 2017, which accounted for over 2.6% of total agricultural area in the country [37]. It should be noted that until 2013 there was an upward trend (area equal to 669,969 ha). However, since 2014 direction has changed. This was caused by changes in regulations related to public subsidies for organic farming.



The number of organic producers, including raw food producers (farmers), food processing companies, food distributors, exporters and importers, also continues to increase around the world. In 2000, there were only 252,000 organic producers in the world, and their number increased by more than 50% in 2001. However, the number of organic food suppliers grew at a slower rate in successive years, and a 10% drop was noted in 2003 relative to the preceding year. The organic market rebounded between 2004 and 2009, but a nearly 14% decrease (highest decrease in the analyzed period) was observed in 2010 relative to the previous year. The number of organic producers continued to increase from 2011 to reach nearly 3 million in 2017. Thus, a nearly 11-fold increase in the number of organic farmers was noted between 2000 and 2017 (Figure 2). However, the share of organic farms of the total number of farms, which is estimated at over 570 million [38,39,40], accounted for only 0.5%. In 2017, the number of organic producers was highest Africa (1,144,263) and Asia (815,070) and lowest in North America (26,750) and Oceania (19,017) (Table 1).



At the end of 2017, there were 21,400 organic producers in Poland (Table 1), and nearly 95% (20,257) of them were farmers. The remaining entities were food processing companies (795), importers of organic products from the European Union (EU) (823), importers of organic products from non-EU countries (161), producers of certified seeds and plant propagation materials (148), apiarists (30), suppliers of herbal plants grown organically in natural habitats (34) and aquaculture and/or algaculture farms (7) [41]. However, as in the case of area under organic farming, a similar direction of changes in the number of organic producers in Poland can be observed. Until 2013, the number of organic producers in Poland increased to 27,093 and has been systematically decreasing since 2014. This phenomenon was also related to the amendment of the regulations on subsidies for organic farms in 2013.



Retail sales of raw and processed organic foods continue to increase in the world. Retail sales topped €15 billion in 2000 and increased more than six-fold in excess of €92 billion in 2017 (in nominal prices). The organic food market is expected to grow in the coming years at an average rate of more than €4 billion per annum (Figure 3).



In 2017, North America was the world’s largest organic food market (nearly 50% of global retail sales) with an estimated value of more than €43 billion (including €39.6 billion in the USA). Europe was the second largest market (over 40%) with combined sales of around €37 billion (Table 1). In Poland, organic food is a niche market worth only around €219.7 million [42]. Organic products account for only 0.3% of the Polish food market, but the organic segment continues to grow at 10–20% per year [43].



The organic farming market is one of the most rapidly growing segments of the food industry in developed countries, despite the fact that it presently accounts for only around 1.4% of agricultural land and 5% of retail sales. In highly developed countries, most consumers buy organic food at least sporadically [44,45]. However, considerable differences in organic food consumption are observed between countries. These variations cannot be explained by consumer preferences and market demand alone, and they also result from market barriers to demand response, including prices, incomes, distribution networks and supply [9,22,46,47]. In 2017, the average consumer spent around €12 on organic food in the world and around €47 in Europe. The highest annual per capita spending was noted in Switzerland (€288), Denmark (€278) and Sweden (€237). American and German consumers spent €122 on organic products on average. In Poland, the average spending on organic produce was only €6. This amount has not changed much for years, but the trend is increasing. The value of organic food purchases was lowest in Bosnia and Herzegovina (€0.1) and in Montenegro (€0.2) (Table 1). Consumer spending on organic produce continues to increase [44,48]. Consumer behaviors can be analyzed based on the tenets of classical economics and the theory of personal budgeting. In the literature, consumers’ propensity to pay more for organic food is explained by Engel’s law, the Veblen effect (a theoretical anomaly in the general law of demand where a higher price makes a product desirable as a status symbol), the snob effect, and prestige-driven consumption trends [49,50,51,52,53].



An increase in demand for raw and processed organic foods is observed mostly in highly developed countries with more affluent and environmentally conscious consumers. These countries are characterized by the highest per capita spending on organic produce [13,42]. On many European markets, consumers are increasingly willing to pay a higher premium for organic food, but demand is not met because of low supply and ineffective distribution networks [7,9,54,55].




2.2. Price Premiums on the Organic Food Market


Many consumers are of the opinion that trendy environmentalism is the main reason behind the high prices of organic foods. Nothing could be further from the truth. The prices of organic foods reflect higher costs of agricultural production and processing. Organic products cost more because the manufacturing process is more expensive, longer and more labor intensive. Organic food prices are also significantly influenced by legal regulations and subsidies [56,57]. Organic food produced from organic raw materials in an organic production process is more expensive, and it is perceived as a luxury good [15,58,59,60]. One of the features of luxury products is the price premium, and producers impose price premiums on luxury products to gain advantage over market competitors [61]. At the same time, a price premium reflects consumers’ willingness to buy a given product regardless of its price [60]. In theoretical economics, a price premium is defined as a high price that generates above-average profits. Therefore, a premium should be regarded as the amount in excess of a “satisfactory” price that is justified by the product’s “real” value. The premium is generally perceived as the amount paid in excess of any additional economic costs of production [62]. Environmentally conscious producers rely on the premium to cover production costs when public subsidies are not available.



The price premium, also referred to as the relative price, is the percentage by which a product’s selling price exceeds (or falls short of) a benchmark price for a similar product or a basket of products [63]. It can be calculated with the use of the following Formula (1):


  P r i c e   p r e m i u m    ( % )  =    [  B r a n d   A   P r i c e    ( $ )  − B e n c h m a r k   P r i c e    ( $ )   ]    B e n c h m a r k   P r i c e    ( $ )     



(1)







The premium applies to prices at which both products (the brand in question and the benchmark product) are in equal demand [64].



Consumers’ propensity to pay a price premium for organic foods encourages new producers to enter the organic market, which increases supply in both physical and economic terms. Many farmers switch from conventional, high-input agriculture to organic farming. In the long term, these processes can decrease the prices and premiums for organic foods, but the decrease in prices can be compensated by higher consumption and retail sales [57]. Producers can thus maintain or even increase their incomes from organic farming, and they can reduce costs due to the effect of economies of scale in processing and distribution systems [65]. Paradoxically enough, consumer trends are rarely taken into account by the producers of raw materials for the food industry. Farmers generally focus on the primary market, and they sell their produce to intermediaries who often drive sales on the food market. Farmers’ participation in agricultural markets is determined by many factors, including popularity, location, market management and subsidies. In turn, consumers’ participation is determined mainly by location because most clients purchase food products in their area of residence [66,67].



Price premiums (in addition to public subsidies) attract producers, facilitate the conversion of conventional farms into organic farms and generate incomes for the existing organic farms. Price premiums can be effectively charged when consumers are able to identify organic products on the retail market (e.g., based on label information) and are willing to pay more for organic foods than conventional products [20]. A price premium also has to be charged by all businesses in the supply chain [19].





3. Materials and Methods


3.1. Data Collection


This study relied primarily on a unique set of secondary data obtained (July 27 2018) from the Ministry of Agriculture and Rural Development (MRiRW). The prices of organic and conventional eggs (in PLN per 100 eggs) on the Polish wholesale market were analyzed based on the monthly price registers in the Integrated Agricultural Market Information System of the Ministry of Agriculture and Rural Development. A total of 156 observations (78 observations for the prices of organic and conventional eggs each) covering the period from 1 February 2010 to 1 July 2016 were analyzed (on 23 September 2016, the “Organic egg market” newsletter published by the Ministry of Agriculture and Rural Development was suspended until further notice due to the small number of producers submitting information on the prices of organic eggs to the Integrated Agricultural Market Information System). Monthly prices of organic and conventional eggs were expressed as median prices in four size categories (large, medium, small and unsorted). This estimator was selected because the median is generally less sensitive to extreme values and outliers, and it is a more reliable statistic than the mean [68,69]. To compensate for the small number of missing values in the dataset (2% for the prices of organic eggs, and 1% for the prices of conventional eggs), the values were estimated by nearest-neighbor value interpolation (on a monthly basis, the month before and the month after the missing observation) [70,71,72].



Data developed by Statistics Poland (GUS), Eurostat and the Agricultural and Food Quality Inspection (IJHARS) were also analyzed in the study. Data relating to organic food production in Europe (2012–2017), the price index of consumer goods and services (adjusted for inflation between February 2010 and July 2016), organic farmland, number of organic producers, total and per capita spending on organic food, population, GDP per capita, total household consumption expenditure and per capita expenditure in European countries (2017) were obtained from Statistics Poland and Eurostat. Unpublished data on the annual production of organic food in Poland were obtained from IJHARS. Prices expressed in PLN were converted to € based on the exchange rates quoted by the National Bank of Poland (NBP). Data were processed and analyzed in the Statistica 13 program.




3.2. Methods


The study was conducted in several stages.



3.2.1. Geographic Variation and Change Trends in Organic Egg production in Poland and the EU


In the first stage of the study, production volume and sales data obtained from Statistic Poland, Eurostat and the Agricultural and Food Quality Inspection were used to determine geographic variation and change trends on organic egg markets in Poland and Europe (EU-28, Norway and Turkey). Descriptive statistics were analyzed, and the coefficient of variation, standard deviation, mean, median, minimum and maximum values were determined to explore changes in the production volume and sales of organic eggs in Poland and other European countries between 2012 and 2017. The coefficient of variation was calculated with the use of Formula (2):


  C V % = 100 σ /  x ¯   



(2)




where: CV—coefficient of variation, σ—standard deviation and   x ¯  —arithmetic mean.



The coefficient of variation is a measure of the relative dispersion of a variable from the average, and it is more representative than a comparison of standard deviation [73]. The coefficient of variation is expressed in percentage terms, and it is interpreted based on its value. The higher the value of the coefficient of variation, the greater the difference.



Change trends were evaluated by deductive inference based on an analysis of historical data. Historical data were used to present market trends in a linear regression analysis by estimating the value of dependent variable y based on the values of independent variables x (the value of dependent variable “organic egg production” was predicted based on the value of independent variable “year”). Change trends in the time series were determined with the use of a mathematical function (3):


  y =  β 0  +  β  1 x   + ξ  



(3)




where: β0 and β1 are the structural parameters of the regression function, and ξ is the random factor. Parameter β0 in the linear regression equation is the intercept term, and parameter β1 is the coefficient of regression of variable y relative to variable x. Parameter β1 is the directional vector of a linear function that denotes the average change in the value of dependent variable y when the value of independent variable x changes by one unit. A synthetic model was developed on the assumption that the legal regulations applicable to organic farming would not change significantly, organic farming subsidies would be maintained at a similar level, and the prices of raw materials and processed foods would remain fairly constant. The above assumptions were made to limit the effect of random error ξ. The developed model was validated by calculating the coefficient of determination (r2), which denotes the extent to which the model explains changes in the value of variable y. The closer the value of the coefficient of determination is to 1, the better the fit of the model [74,75,76].



The correlations between organic egg production and the variables characterizing organic farming and the performance of European economies in 2017 were analyzed. The analysis relied on Eurostat data on organic farmland, number of organic producers, total retail sales, retail sales per capita, population, GDP per capita, total household consumption expenditure and per capita expenditure in the compared countries. Pearson’s correlation coefficient was calculated with the use of Formula (4) to determine the strength of linear correlations between variables:


   r  x y   =   c o v  (  x , y  )     σ x  ∗  σ y    ,  



(4)




where: rx,y—Pearson’s correlation coefficient between x and y variables, cov(x,y)—covariance between variables x and y, and σ—standard deviation from the population.




3.2.2. Price Analysis


The median prices in different weight categories (large, medium, small and unsorted) were determined in the next stage. For the sake of simplicity, the median prices will be referred to as “prices” rather than “average prices” in the study. The median prices of organic and conventional eggs were determined based on time-series nominal data and expressed in currency units (in PLN for 100 eggs) at monthly intervals.



In the next step, nominal values were adjusted to real values. Real prices were used to determine real values, which were calculated by adjusting nominal values for changes in egg prices. Real prices for February 2010 were used as the reference to eliminate the effects of inflation. Time-series data adjusted for inflation in the corresponding period and time intervals were developed (monthly inflation between February 2010 and July 2016, where December of the preceding year = 100) [77]. Inflation indicators were converted to chain indicators and, in the following step, into real-based indicators with a given base (usually the beginning of the analyzed time series, i.e., February 2010). The resulting time series of real prices, expressed by prices from the beginning of the analyzed period, were used in further analyses.



The Polish zloty (PLN) is the currency of Poland. To compare the obtained data with other countries, the calculated values were converted to Euro (€) based on the weighted average exchange rate quoted by NBP in each month.




3.2.3. Price Variability


Nominal and real prices were analyzed based on descriptive statistics with the use of the methodology applied in the first stage of the study. Price variability was compared using the coefficient of variation because conventional and organic foods differ in prices and, consequently, mean values. The coefficient of variation was adjusted by calculating the coefficient of determination r2 from linear price regression. Coefficient r2 is a measure of the model’s goodness of fit, and it denotes the extent to which the proportion of the variance in the dependent variable is explained by the independent variable. The coefficient of variation is represented as a value between 0 and 1. The closer the value is to 1, the better the model’s fit.




3.2.4. Comparison of the Prices of Conventional and Organic Eggs


As mentioned before, prices and incomes are the greatest barriers to the demand for and purchase of organic foods. However, consumers who have a preference for organic produce are willing to accept higher prices because they are aware of the health and environmental benefits of organic food. In this case, the price is not a barrier, but it represents the consumers’ willingness to purchase organic produce [7,12,78,79]. According to Würriehausen et al. [80], the prices of conventional and organic foods can be partially interrelated, but they are shaped mainly by independent determinants. For this reason, the study was conducted on the assumption that organic food prices are independent of conventional food prices. The correlations between nominal prices were analyzed to verify the above assumption. The correlation coefficient was r = 0.02650 at p = 0.818, which confirmed the absence of correlations between the nominal prices of organic and conventional eggs.



Based on the assumption that consumers are willing to pay a price premium for products that deliver greater benefits, two mutually independent variables—the prices of organic and conventional eggs—were compared. The hypothesis postulating that variables have normal distribution was tested using the Shapiro–Wilk test. The calculated p-value was less than the significance level of α = 0.05 (price of conventional eggs (€), SW-W = 0.8943, p=0.00001; price of organic eggs (€), SW-W = 0.9303, p=0.00040). Therefore, the null hypothesis was rejected in favor of the alternative hypothesis. In this case, parametric tests cannot be applied to compare two groups of data, and the non-parametric Mann–Whitney U test was applied. Two hypotheses were formulated:



H0: average prices are identical;



H1: the average price of organic eggs is higher than the average price of conventional eggs.




3.2.5. Analysis of Price Premiums


According to Carlson and Jaenicke [17], many food industry analysts regard the price premium as a relative value. Therefore, the premium is the price of an organic product, which is expressed as a percentage of the price of a conventional product [17,63,81]. The price premium was calculated with the use of Formula (5):


   P p   ( % )  =   100  (   P o  −  P c   )     P c    ,  



(5)




where: Pp—price premium, Po—price of the organic product and Pc—price of the conventional product.



Descriptive statistics relating to the price premium in the analyzed period and time-series data modeled with linear regression were calculated.






4. Results


4.1. Egg Markets in European Countries and Poland


The production and sales of organic eggs continue to increase in Europe. Organic egg sales increased nearly five-fold from more than 1.1 billion eggs in 2012 to 5.2 billion eggs in 2017. The mean annual increase exceeded 800,000 eggs (y = −1.6089E12 + 8.0006E8 × x; p = 0.0001; r2 = 0.9825). The average production in the EU reached 150.5 million eggs in 2016 (median of 19.9 million eggs) and 193.2 million eggs in 2017 (median of 20.3 million eggs). Per capita production in the EU also increased by 1.5 eggs per annum (y = −3159.5024 + 1.5712 × x; p = 0.0001; r2 = 0.9828) (Table 2).



According to Windhorst [82], the organic egg market is characterized by considerable geographic heterogeneity. An analysis of the data in Table 2 confirms the above observation. In 2017, the coefficient of variation reached 196.3%, which points to extreme variability. In 2017, the leading European producers of organic eggs were France (1383 million eggs), Germany (1293.8 million eggs), Netherlands (883.0 million eggs) and Italy (494.6 million eggs). Production was lowest in Montenegro (0.1 million eggs), Serbia (0.2 million eggs), Croatia (0.2 million eggs), Slovakia (0.4 million eggs), Lithuania (1.4 million eggs) and Latvia (1.9 million eggs) (Table 2).



Extreme variations were also noted in the per capita production and sales of organic eggs. The coefficient of variation reached 157.77% in 2016 and 155.60% in 2017. Annual per capita production was highest in the most affluent countries (i.e., Denmark (53 eggs in 2017), the Netherlands (52 eggs in 2017) and Sweden (38 eggs in 2017)). Per capita production was lowest in Serbia (0.03 eggs in 2017), Croatia (0.05 eggs in 2017) and Slovakia (0.07 eggs in 2017) (Table 2).



The correlation analysis revealed a positive correlation between the production volume and sales of organic eggs in Europe vs. household consumption expenditure and population. Production increased with a rise in household expenditure and population. However, the production and sales of organic eggs were also determined by the number of organic food producers, organic farmland (which could be explained by the fact that organic livestock producers are legally obliged to cultivate land) and organic retail sales in the analyzed countries (Table 3).



In Poland, organic egg production was estimated at only 20 million in 2017, and it was very low in comparison with the EU countries (0.35% of total production in the analyzed countries). Per capita production was only 0.53 eggs. These indicators have remained fairly constant over recent years.



According to the unpublished data of the Agricultural and Food Quality Inspection, laying hens and eggs were produced by 3212 organic farms in Poland in 2017. Organic poultry farms accounted for around 15% of all organic farms in Poland. The average annual production per farm exceeded 6300 eggs, which, at the average price of €0.29 per egg (PLN 1.2 per egg based on the exchange rate of €1 = PLN 4.1834), generated only €1,829.57—the average monthly salary in Poland in December 2017 was around € 1,188,92 gross (PLN 4,973.73). About 80% of organic eggs were sold for direct consumption, and 20% were processed in the food industry. The distribution channels on the organic egg market differed considerably.




4.2. Egg Prices


The prices of eggs are susceptible to market shocks, and they can increase by several dozen percent if, for example, undesirable substances are detected in eggs. In 2017, the presence of fipronil, an insecticide with potentially harmful effects for human health and the environment, was detected on many poultry farms in Western Europe [84,85]. The rise in foreign demand for Polish eggs between July and December 2017 increased egg prices on the domestic market by 140%, while the supply of conventional eggs remained constant [86]. Poultry diseases such as avian influenza also pose a problem and have similar consequences [87,88]. In Poland, the decrease in egg production could be attributed to salmonella infections [89]. In 2016, the number of infected adult flocks reached 6%, compared with 2.84% in 2015, which decreased egg supply and increased prices [90].



A clear anomaly in the prices of conventional eggs was observed in March and April 2012. In these months, egg prices increased by approximately 70–80% for two reasons. Firstly, the use of conventional battery cages was prohibited as of 1 January 2012 under the EU legislation on the minimum standards for keeping laying hens. Larger cages were introduced to improve animal welfare (legal basis: Council Directive 1999/74/EC of 19 July 1999 laying down minimum standards for the protection of laying hens). These changes forced poultry breeders to invest heavily in new production systems. Many producers defaulted on bank loans and had to close their business. As a result, egg supply decreased by 20% and prices increased [91]. Secondly, the demand for eggs increased in March and April, before Easter. However, it should be noted that the greatest increase in the demand for eggs is usually observed before Christmas, not Easter [90]. The above events did not affect the prices of organic eggs.



In the analyzed period, the nominal prices of organic eggs exceeded the prices of conventional eggs (Figure 4). Organic eggs were priced at €17.24, and conventional eggs were priced at €8.24 at the beginning of the examined period, and at €12.83 and €5.31, respectively, at the end of the analyzed time series. The average price exceeded €16 for organic eggs and €7 for conventional eggs (Table 4).



An increase in the coefficient of variation and similar values of standard deviation in the analyzed period pointed to greater fluctuations in the nominal prices of conventional than organic eggs. The prices of organic eggs decreased significantly by around €0.04 per month (Figure 4).



In contrast, real prices increased in the analyzed period (Figure 5). The price per 100 organic eggs was determined at €17.26 at the beginning of the examined period, and it peaked in July 2014 at €41.04. The price of organic eggs ranged from €35 to €42 between the end of 2012 and the end of 2015, and it decreased to €28.02 at the end of the analyzed period. The price per 100 conventional eggs reached €8.24 at the beginning of the examined period, it peaked in March 2012 at €22.89 (market anomaly), and it exceeded €11 at the end of the studied period (Table 4). The prices of organic eggs increased by around 80%, and the prices of conventional eggs increased by 102% over the analyzed period, which can be attributed mainly to high prices at the beginning of 2013.



The average real price of organic eggs reached €31 per 100 eggs in the studied period, and it was two times lower for conventional eggs. The values of the coefficient of variation revealed moderate fluctuations in the real prices of both organic (Vc = 22%) and conventional (Vc = 31%) eggs with low standard deviation (Table 4).



Real prices increased by €0.21 for organic eggs and €0.13 for conventional eggs on a monthly basis in the examined period. The developed models were well fitted to the analyzed variables, and they explained more than 42% of variance in the price of conventional eggs and more than 50% of variance in the price of organic eggs (Figure 5).



The results of the Mann–Whitney U test (p < 0.05; U = 66; Z = −10.548; p-value = 0.000; Z adjusted = −10.548; p-value = 0.000; valid N price of conventional eggs (€) = 78; valid N price of organic eggs (€) = 78) supported the rejection of the null hypothesis postulating the absence of differences between the prices of organic and conventional eggs. The differences in the prices of organic and conventional eggs were statistically significant. The distribution of differences between the prices of organic and conventional eggs in the analyzed period is presented in Figure 6. The noted differences were significant, and they increased by around €0.08 on a monthly basis. The results in Table 4 indicate that the average difference between the prices of organic and conventional eggs on the Polish market was around €17 with a similar median. The coefficient of variation points to moderate variation in the analyzed variable (Vc = 23%) and low standard deviation.




4.3. Price Premium on the Organic Egg Market


The average difference in the price premiums for organic and conventional eggs exceeded 128%, and the median reached 121%. The difference in the compared price premiums was also characterized by moderate variation in the analyzed period. The coefficient of variation reached nearly 33% (Table 4).



The distribution of price premiums in the examined period is presented in Figure 7. These data point to a decreasing trend. The price premium was estimated at 109% at the beginning of the studied period, and it increased rapidly in the following months to exceed 200% in mid-2011. The analyzed variable then decreased steadily and was determined at less than 30% at the beginning of 2012. When the market regained balance, the price premium began to increase and reached 130–150% in mid-2013. Another decrease in the examined variable was noted in 2014–2015. However, the price premium increased rapidly towards the end of the studied period, and it topped 141% in the last month of the analyzed period.



A decrease in the average price premium can be attributed to an increase in supply and sales, including in supermarket chains [9,22,54,92,93,94]. In Poland, the average price premium decreased by nearly 1% on a monthly basis, but the developed model explained only 23% of variance in the original dependent variable. Despite the above, the premium for the price of organic eggs was high enough to compensate for the decrease in supply [92,95]. According to Wier et al. [54], research shows that price premiums have to decrease below 20–30% before organic foods lose their niche status.





5. Discussion


The aim of this study was to determine and analyses variation in price premiums for organic foods on the example of the Polish egg market. The production and sales of organic eggs in Europe was compared, the prices of organic and conventional eggs were analyzed, and the price premium on the Polish market was evaluated. Variation in the price premium for eggs was determined in the analyzed period. The first stage of the analysis relied on the assumption that the production of organic eggs in Poland continues to increase relative to other European countries and that organic egg production varies across the EU. The analysis revealed that the production and sales of organic eggs in Poland continued to increase until 2015 when it exceeded 22 million eggs, with a transient peak of nearly 34 million eggs in 2013. In 2016, production decreased significantly below the 2012 value, and a steady increase was noted in successive years. Therefore, considerable variation in the production of organic eggs in Poland was noted in the studied period. In contrast, organic egg production increased steadily by more than 800,000 eggs per annum in the compared European countries. France, Germany, Netherlands, Italy, Sweden, Denmark and the United Kingdom are the leading producers of organic eggs in Europe. For those markets, organic eggs have an 8–30% share of poultry production [13]. In Poland, despite the growing demand for healthy organic products [31], organic eggs accounted for only 0.2% of total egg production [32]. In the future, the demand for organic eggs on the Polish market could increase with a further rise in incomes, growing awareness about health and the environment and changes in the market structure on the supply side. As a result, high prices will cease to inhibit the growth of the organic food market. A positive correlation between organic egg production and household consumption expenditure was noted in European countries. An even stronger correlation was observed between egg production and retail organic sales.



The European egg market is characterized by significant geographic variation. The value of the coefficient of variation decreased in 2012–2017, but it was still high at 196.3% in 2017. These differences can be attributed mainly to demand, which is influenced by population and household consumption expenditure. Population and household expenditure were bound by a strong, positive correlation with demand. The supply side of the market represented by farmers, processing companies and distributors also plays a significant role. Organic egg production was bound by a positive correlation with the number of organic farms and organic agricultural land.



In the next stage of the study, the nominal and real prices of organic and conventional eggs were analyzed between February 2010 and July 2016 in Poland. The nominal and real prices of organic eggs were higher than the prices of conventional eggs throughout the entire analyzed period. The average nominal price was determined at €16 (median of €16.38), and the average real price exceeded €31 (median of €33.11) for organic eggs. The corresponding values for conventional eggs were €7.36 (median of €7.14) and €14.3 (median of €15.99). The results of the Mann–Whitney U test revealed significant differences between the prices of organic and conventional eggs. The average difference in real prices was estimated at €17, and it tended to increase by €0.8 on a monthly basis in the analyzed period. The nominal prices of organic eggs tended to decrease by €0.4, on average, on a monthly basis. No significant differences were found in the nominal prices of conventional eggs.



An upward trend was observed in the real prices of both organic and conventional eggs. Real prices increased by €0.21 for organic eggs and by €0.12 for conventional eggs. An increase in purchasing power drove up the price of 100 eggs from more than €17 for organic eggs and €8 for conventional eggs at the beginning of the analyzed period to more than €28 and €11, respectively, at the end of the examined period.



The premium on the wholesale price of organic eggs in Poland was determined in the next stage of the study. This variable peaked at 223.5% at the beginning of the studied period, and it reached the minimum value of 32.1% in February and March 2012. Interestingly, the minimal price premium for organic eggs was noted during a shortage of conventional eggs on the domestic market.



The average price premium for organic eggs exceeded 128% (median of 121%). This can be attributed to the characteristics of the Polish market, where potential demand is high, but real demand is low because of high prices and low incomes. The supply of organic eggs is also relatively low because of low production, scarcity of the relevant data and the leading role of imported products [25]. The existing barriers can considerably hamper the growth of the organic egg market in Poland.



The price premium was characterized by moderate variation (Vc = 33%, i.e., low fluctuations) in the analyzed period. Similar trends have been reported by other researchers investigating organic foods [9,22,54,92,93,94]. In Poland, the price premium for organic eggs decreased by around 1% per month in the examined period.




6. Conclusions


The Polish organic food market does not fulfill two of the three important considerations for a well-functioning market proposed by Michelsen [22]. Firstly, organic foods are sold in small quantities, mainly in specialty shops [24]. Organic farmers have a small base of potential clients, and they often sell their produce as conventional food, which undermines the stability of organic supplies [96,97]. Large retail chains have developed an interest in organic food only recently, but most of them carry imported products. The second consideration has been met for the Polish market, which has an effective labeling and certification system [98,99]. The third requirement has not been fulfilled. The price premiums for most organic products are very high, and similar observations were made for the market of organic eggs. At present, the average difference between the prices of organic and conventional products is not acceptable to most Polish consumers. Demand is driven by non-price determinants, and organic food is purchased mainly by young consumers with relatively high incomes and high levels of health and environmental awareness.



This is the first ever study to analyze the price premiums of organic products in Poland. The research relied primarily on a unique set of secondary data that has not been used elsewhere. The results can provide valuable inputs for similar analyses of other market segments and countries. In the future, the key determinants of price premiums on the Polish organic market could also be analyzed with the use of a survey questionnaire. The results of the survey could be used to determine whether an increase in supply contributes to a decrease in prices, and whether an increase in production compensates for the drop in prices. Do market mechanisms support premium pricing on both agricultural and consumer markets? Price premiums have to be charged by all entities in the supply chain. How would the market respond if subsidies for organic farming were to be discontinued in Europe? The main limitation of the present study is the scarcity of data on the Polish market. Statistical data on the production and prices of conventional foods, cultivated area, animal production and productivity are widely available, whereas the relevant information is scarce or unavailable in the organic food sector. Data relating to organic farming should be collected and analyzed to provide valuable inputs for the institutions responsible for organic farming laws and regulations, as well as for food processing companies, retailers, wholesalers, farmers and researchers or policy makers. Analyses of price premiums can reveal product shortages, excess stock or other changes in the relationship between demand and supply. Price premiums can be monitored to gather information about the pricing strategies of market competitors, in particular foreign businesses.
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Figure 1. Organic agricultural area, rate of change and share of total agricultural land in the world in 2000–2017. Source: author’s calculations based on [36]. 
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Figure 2. Number of organic producers and the rate of changes around the world in 2000–2017. Source: author’s calculations based on [36]. 
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Figure 3. Organic retail sales and the rate of changes in 2000–2017 (in nominal prices). Source: author’s calculations based on [36]. 
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Figure 4. Nominal prices of organic and conventional eggs (price in € for 100 eggs; period—month). 
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Figure 5. Real prices of conventional and organic eggs (fixed process in February 2010; price in € for 100 eggs; period—month). 
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Figure 6. Differences between the prices of organic and conventional eggs (period—month). 
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Figure 7. Price premiums for organic eggs on the Polish market in the analyzed period. 
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Table 1. Organic farming and the organic food market in the world and in Poland in 2017.
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	Region
	Organic Agr. Land
	Share
	Share of Total Agri. Land
	Numbers of Producers
	Retail Sales
	Per Capita Consumption





	
	ha
	%
	%
	no
	Million €
	€



	Africa
	2,056,571
	3.12
	0.4
	1,144,263
	16
	-



	Asia
	6,116,834
	8.47
	0.3
	815,070
	9601
	2.1



	Europe
	14,558,246
	23.36
	2.9
	455,749
	37,351
	47 *



	Latin America
	8,000,888
	12.34
	1,1
	397,509
	810
	1.3



	North America
	3,223,057
	5.41
	0.8
	26,750
	43,012
	119.1



	Oceania
	35,894,365
	47.30
	8.5
	19,017
	1293
	31.8



	World
	69,845,243
	100
	1,4
	2,858,358
	92,074
	12,2



	Poland
	494,979
	0.71
	2.6
	21,400
	219.7
	6







* EU—€67.2; Source: author’s calculations based on [13,36].
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Table 2. Geographic variation and descriptive statistics relating to total and per capita production of organic eggs in Europe in 2012–2017 (in millions of eggs and eggs per capita).
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2012

	
2013

	
2014

	
2015

	
2016

	
2017

	
2016

	
2017






	
million eggs

	
per capita




	
Belgium

	

	

	

	

	
97.2

	
121.9

	
8.59

	
10.74




	
Czechia

	
3.0

	
3.5

	
2.3

	
3.4

	
3.3

	
3.7

	
0.32

	
0.35




	
Denmark

	
170.4

	
175.0

	
196.1

	
233.4

	
269.9

	
307.9

	
47.28

	
53.57




	
Germany

	

	

	

	

	
1293.8

	
1293.8

	
15.74

	
15.68




	
Estonia

	
1.4

	
1.6

	
2.5

	
2.5

	
2.8

	
3.4

	
2.13

	
2.60




	
Ireland

	

	

	
17.3

	
19.6

	
20.9

	
23.6

	
4.43

	
4.93




	
Greece

	
25.7

	
8.2

	
13.6

	
13.2

	
13.1

	
13.1

	
1.22

	
1.22




	
Spain

	
11.2

	
17.6

	
16.2

	
48.3

	
46.3

	
76.1

	
1.00

	
1.64




	
France

	

	

	
700.0

	
900.0

	
1285.4

	
1383.0

	
19.29

	
20.70




	
Croatia

	
0.0

	
0.1

	
0.1

	
0.1

	
0.2

	
0.2

	
0.06

	
0.05




	
Italy

	

	

	
209.5

	
461.9

	
494.6

	
494.6

	
8.15

	
8.16




	
Cyprus

	

	
0.7

	
1.2

	
0.9

	
1.5

	
2.3

	
1.76

	
2.64




	
Latvia

	
0.6

	
0.6

	

	
1.2

	
1.5

	
1.9

	
0.76

	
0.96




	
Lithuania

	
0.4

	

	
0.6

	
0.6

	
1.2

	
1.4

	
0.42

	
0.51




	
Luxembourg

	
2.5

	
3.0

	
2.8

	
2.8

	
3.9

	
3.9

	
6.77

	
6.67




	
Hungary

	
3.5

	
3.3

	
5.5

	
5.1

	
2.7

	
5.1

	
0.27

	
0.52




	
Netherlands

	
583.0

	
574.6

	
628.4

	
708.0

	
773.1

	
883.0

	
45.53

	
51.69




	
Austria

	

	

	
78.2

	
77.7

	
105.2

	
131.7

	
12.10

	
15.02




	
Poland

	
20.7

	
33.9

	
21.8

	
22.6

	
19.9

	
20.3

	
0.53

	
0.53




	
Romania

	
13.2

	

	
14.5

	
22.7

	
12.3

	
14.9

	
0.62

	
0.76




	
Slovenia

	
3.7

	
4.1

	
4.6

	
6.3

	
6.9

	
8.7

	
3.36

	
4.19




	
Slovakia

	

	

	

	
0.9

	
0.2

	
0.4

	
0.03

	
0.07




	
Finland

	

	
42.3

	
47.1

	
52.2

	
55.5

	
64.7

	
10.12

	
11.76




	
Sweden

	

	
265.1

	
263.6

	
328.7

	
394.9

	
380.1

	
40.08

	
38.03




	
United Kingdom

	
238.3

	
219.6

	
225.9

	
237.0

	
250.1

	
255.7

	
3.82

	
3.88




	
Norway

	
32.5

	
35.5

	
44.8

	
50.2

	
52.3

	
65.9

	
10.03

	
12.52




	
Montenegro

	

	

	

	

	

	
0.1

	
0.19

	
0.19




	
Serbia

	

	
0.0

	
0.1

	

	
0.3

	
0.2

	
0.04

	
0.03




	
Turkey

	

	
48.0

	
64.9

	
58.9

	
147.6

	
161.3

	
1.87

	
2.02




	
Total

	
1,109,950,588

	
1,388,675,236

	
2,496,657,538

	
3,199,013,757

	
3,915,325,395

	
5,053,904,046

	

	




	
per capita

	
2.22

	
2.77

	
4.96

	
6.34

	
7.74

	
9.96

	

	




	
Descriptive statistics

	
per capita




	
Valid N

	
16

	
19

	
24

	
25

	
29

	
29

	
29

	
29




	
% N

	
55.2

	
65.5

	
82.8

	
86.2

	
100

	
100

	
100

	
100




	
CV (%)

	
220.6

	
191.5

	
178.0

	
181.1

	
194.4

	
196.3

	
157.77

	
155.60




	
Arithmetic mean

	
69.4

	
75.6

	
106.7

	
130.3

	
150.5

	
193.2

	
8.50

	
9.37




	
Median

	
7.4

	
8.2

	
16.8

	
22.6

	
19.9

	
20.3

	
2.13

	
2.64




	
Minimum

	
0.0

	
0.0

	
0.1

	
0.1

	
0.2

	
0.1

	
0.03

	
0.03




	
Maximum

	
583.0

	
574.6

	
700.0

	
900.0

	
1285.4

	
1383.0

	
47.28

	
53.57




	
SD

	
153.0

	
144.8

	
190.0

	
236.1

	
292.6

	
379.1

	
13.41

	
14.57




	
CI of the SD (-95%)

	
113.0

	
109.4

	
147.7

	
184.3

	
230.4

	
298.6

	
10.64

	
11.57




	
CI of the SD (95%)

	
236.8

	
214.2

	
266.5

	
328.4

	
401.0

	
519.6

	
18.14

	
19.71








Source: author’s calculations based on [83].
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Table 3. Correlations between organic egg production and the variables characterizing organic farming and the economic performance of the compared countries in 2017.
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	R
	p-Value





	Number of all organic operators (registered at the end of the year)
	* 0.574
	p = 0.002



	Total fully converted and under conversion to organic farming (ha)
	** 0.5143
	p = 0.007



	Area under organic farming (% of utilized agricultural area (UAA))
	−0.0641
	p = 0.756



	Retail sales (Million €)
	* 0.9189
	p = 0.000



	Retail sales (€ per capita)
	0.3655
	p = 0.066



	Population
	* 0.7255
	p = 0.000



	Main GDP aggregates per capita (€ per capita)
	0.1922
	p = 0.347



	Final consumption expenditure of households (Million €)
	* 0.7553
	p = 0.000



	Final consumption expenditure of households (€ per capita)
	0.3341
	p = 0.095







* Indicates significance at 1%; ** Indicates significance at 5%. Source: author’s calculations based on [83].
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Table 4. Descriptive statistics for nominal and real wholesale prices of organic and conventional eggs and price premiums (price in € for 100 eggs).
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Specification

	
Nominal Prices

	
Real Prices

	
Difference at Real Prices (€)

	
Price Premium (%)




	
Price of Conventional Eggs (€)

	
Price of Organic Eggs (€)

	
Price of Conventional Eggs (€)

	
Price of Organic Eggs (€)






	
Arithmetic mean

	
7.363

	
16.413

	
14.308

	
31.231

	
16.923

	
128.831




	
Median

	
7.147

	
16.384

	
15.995

	
33.114

	
16.286

	
120.936




	
Minimum

	
5.311

	
12.830

	
6.529

	
17.256

	
7.351

	
32.118




	
Maximum

	
12.727

	
19.421

	
22.888

	
41.036

	
25.210

	
223.499




	
SD

	
1.283

	
1.439

	
4.385

	
6.831

	
3.879

	
42.289




	
CV (%)

	
17.430

	
8.765

	
30.647

	
21.872

	
22.923

	
32.825
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