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Abstract 

 
This study aimed to compile an economic comparison of conventional and modern cold 
storage facilities in Isparta, Turkey. Primary data were collected by surveys from 59 facilities. 
Enterprises were examined in two groups according to their cooling system, categorized as 
conventional and modern. During the surveys, depots with normal atmosphere were 
categorized as conventional cold storages and those with fully controlled atmospheres and 
also those with some storage rooms with controlled atmosphere were categorized as modern 
cold storages. The data used covers the 2010- 2011 storage period. According to research 
results, total cost were calculated to be 245 117.90 USD per enterprise for the conventional 
cold storage facilities and 304 814.62 USD for the modern cold storage facilities. For 
conventional enterprises 60.14% of total costs are fixed costs and 39.86% are variable costs, 
while these rates are 62.60% and 37.40% for modern ones respectively. It was determined that 
economic profitability rates are 4.53 on conventional cold storage facilities and 10.39 for 
modern cold storage facilities; financial profitability rates are 4.91 for conventional cold 
storage facilities and 10.45 for modern cold storage facilities. The average break-even point 
was calculated to be 2 680.25 tonnes for the conventional cold storage facilities and 2 848.19 
for the modern cold storage facilities. Using 53.84 % of available capacity in conventional 
facilities and 39.97% in modern facilities was the determined break-even point where income 
equals costs. 
 
Keywords: Cold storage. Cost. Profitability.  
 

1. Introduction 

 

Turkey has a vast potential for many agricultural products thanks to its diverse climate 

and geological features. One such product is the apple. Apples can be grown in many regions 
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within Turkey and for that reason it is popular among the producer base. Also the storage, 

sales, packaging and processing of apples are sources of employment for many. Considered to 

be a native crop to these lands, Turkey with its 2 600 000 tonnes of produce per year is the 

third biggest producer in the world after the U.S.A and China (FAO, 2010). Apples cover 

5.6% of Turkey’s agricultural land. This makes apples the fifth most widely produced 

agricultural product by land coverage after olives, grapes, nuts and pistachio nuts. Production 

wise, it is the second most produced after grapes with 14.7% (TUİK, 2010).   

Developed countries have a high consumption rate for apples and the rate is expected 

to rise in our country. Among the regions with concentrated apple production, Isparta is one 

of most important in Turkeys. Isparta province is exceptionally suited to apple orchards 

thanks to its climate and geographical features. Apple production is also the main source of 

income for a large portion of the farmer base. This is also supported by the fact that 25 000 

out of 35 000 facilities within the province are directly or indirectly related to apples and their 

production (Anonymous, 1995). Isparta is the foremost province for apple production with 

549 371 tonnes per year and accounts for 21.13% of Turkey’s total apple production. 

In our country both fruit and vegetable produce is subject to up to 30-40% losses 

during transportation (DPT, 2001). These losses are the sum of all losses within various 

phases from production to the consumer. This loss of output also means a loss of input, thus 

everything that constitutes the cost of production. The prevention of losses is possible 

especially by using proper storage conditions for the produce. Storage is described as keeping 

produce at a low temperature and high humidity to prevent damage to the quality of the 

produce, thus making it easier to market (Özcan and Ertürk, 1994). We can achieve many 

advantages for both the consumer and the producer by using proper storage. Unused harvest 

excess could be stored instead of just spoiling and it could be possible to find every fruit and 

vegetable in the market every season at reasonable prices as well as preventing excessive 

production caused by unreasonable price drops, thus ensuring producers and consumers both 

buy and sell at a normalized and fair price throughout the whole year (Ekmekyapar, 1993). 

Storage activities also have a positive effect on industries with dependencies on 

agricultural production. It causes production, marketing activities and the workforce to be 

evenly distributed across the year, thereby providing consistency for the industry to work all 

year long efficiently and economically (Okuroğlu et al, 1998). 

In Isparta province where our research took place, a portion of the harvest is marketed 

immediately, while the rest is put in storage to be released through the rest of the year. In 
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Isparta province there are 87 cold storage depots with a total capacity of 346 568 tonnes 

which are almost exclusively used for apples. The present cold storage facilities in Isparta can 

hold 56.80% of yearly production. The total cold storage capacity in Turkey is about 1.2 

million tonnes (Anonymous, 2004). Currently Isparta has 28.8% of Turkey’s cold storage 

capacity. It can be deduced that Isparta is an important province for cold storage in our 

country. The starting point for this research is that in international markets cold storage 

facilities are modernized (controlled atmosphere) and there are no existing data to understand 

how this will reflect upon Turkey. Storage facilities are of utmost importance to reduce 

production loss and ensure yearlong produce quality. Moving from this point, our work 

investigated Isparta, which is at the forefront of cold storage in Turkey, to compare modern 

(controlled atmosphere) and conventional (normal atmosphere) cold storage depots 

economically and also with regards to the effects on apple quality and prices. 

 

2. Materials and Methods 

 

The core research material was from data gathered firsthand from Isparta cold storage 

depot surveys conducted July 2011 – August, 2011. During the surveys, depots with normal 

atmosphere were categorized as conventional cold depots and those with fully controlled 

atmospheres and also those with some storage rooms with controlled atmosphere were 

categorized as modern cold depots. We also made use of various research reports and 

statistical data, both from Turkey and the rest of the world. 

Data about the number and location of cold storage depots were obtained from the 

Food, Agriculture and Livestock Directorate of Isparta. From these records we found that a 

total of 346 568 tonnes of cold storage capacity within 87 cold storage facilities of various 

sizes exists within our research area (Anonymous, 2010). These facilities are almost 

completely used exclusively for apple storage. Our aim was to visit cold storage facilities in 

Eğirdir, Gelendost, Merkez, Senirkent and Uluborlu districts where cold storage facilities are 

most common. Unfortunately 2 of the facilities refused to share information, while another 

one had just been built, thus limiting us to 59 facilities. Our research indicates that of these 59 

facilities 51 of them are conventional and 8 of them are modern cold storage facilities. 

In our surveys of the cold storage facilities we included general information about the 

facilities like the year of establishment, legal status, personnel status, the education levels of 

managers, cold storage types (conventional or modern), cold storage capacity, capacity usage 
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ratios, the average length of storage time for apples, storage season, storage temperature, 

humidity values, ventilation systems, gas compounds, losses in products caused by storage as 

well as common problems in storage facilities, inputs used, cost and income figures. 

Comparisons between storage facilities were made using an SPSS program 

independent sample t-test. The level of significance was chosen to be 0.05. The results were 

gathered and put into tables to be used with comparative and absolute distribution using 

weighted and basic average methods to obtain our final interpretation. 

The total income from storage, case rental and case sales were summed to find the 

gross income. By subtracting cost from the gross income we found the net income. Cold 

storage facilities gross income values were calculated with respect to the unit storage price 

during the active season. 

To establish values for cold storage depot depreciation expenses, we took into account 

the current values for capital and its components as well as the time period they could be 

used. This research accepts depreciation values as 2% for building capital, 6.66% for water 

wells, generators and weigh-bridges, 3.33% for the climate control system, 20% for plastic 

cases given to rent, equipment in the administrative building, pallet trucks, trucks and the rest 

of the permanent equipment, 14% for auxiliary equipment and hardware capital, 8.33% for 

battery-powered forklifts, 16.66% for scales and 25% for forklifts and trucks (Anonymous, 

2012). 

The value of all the equipment was determined by interviewing the managers and 

owners of the facilities. Enterprise costs were categorized as fixed and variable costs and 

analyzed accordingly. Fixed costs were determined to consist of depreciation, permanent 

worker fees, interest, tax and insurance. Variable costs were determined to consist of 

temporary worker fees, repairs, maintenance, electricity, gas, water, oil, fuel and a few more. 

Net income was determined by subtracting all expenses from the gross income. To determine 

the profit margins, we calculated the economic and financial profitability ratios. 

                 (1) 

 

           (2) 
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By using break-even point analysis we determined the minimum capacity the facilities 

have to operate. 

Q= FC/ (P-VC)*100                                                         (3) 

Q: Minimum capacity and the break-even point 

FC: Fixed cost total 

P: Storage cost per unit 

VC: Unit variable cost total per unit (Oluç, 1978; Beierlein et al., 1986) 

 

3. Results and Discussions 

3.1. Gross income  

 

Gross income is the sum of all income before tax and the expenses incurred to achieve 

that income (Güllenoğlu, 1993). The greatest portion of the researched facilities’ income is 

from cold storage service. The enterprises also reported small income from case rental and 

case sales.  

Conventional cold storage facilities’ gross income averaged 355 722.20 $ per 

enterprise. 90.95% of this income was from storage service, 8.31% case sales and 0.74% case 

rental. Modern cold storage facilities’ gross income averaged 619 850.30 $ per enterprise. 

97.28% of this income was from storage service, 1.52% case sales and 1.20% case rental.  

According to the data gathered, modern facilities have greater gross income (p<0.05). 

According to research done by Islam et al., (2008) gross income per enterprise is 10 495 

548.73 Tk. 

Conventional and modern cold storage facilities were also analysed according to gross 

income per storage unit space. According to this analysis, conventional cold storage facilities 

had gross incomes of 84.54 USD (tonnes)-1. On the other hand, modern cold storage facilities 

had gross incomes per storage unit of 90.16 USD (tonnes)-1 (table 1). According to this, we 

concluded that gross income is greater in modern cold storage facilities but this difference is 

statistically negligible (p>0.05).  

In a study by Güllenoğlu (1993), the gross income of Marmara region cold storage 

facilities was calculated to average around 151 300 TL (tonnes) -1. 
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Table 1: Income component 

Income component 
Storage type 

Conventional Modern 
USD % USD % 

Storage income USD (enterprise)-1 323 529.34a 90.95 602 990.37b 97.28 
Case rental income USD (enterprise)-1 2 632.34a 0.74 7 438.20b 1.20 
Case sale income USD (enterprise)-1 29 560.51a 8.31 9 421.73a 1.52 
Gross income  USD (enterprise)-1 355 722.20a 100.00 619 850.30b 100.00 
Amount of apple stored (tonnes) 4 207.84a  6 875.00b  
Gross income  USD (tonnes)-1 84.54a   90.16a   

a,b Values on same row with different letters are different(p<0.05). 

 

Data related to case sales on the inspected enterprises are given in table 2. Both types 

of storage facilities were found to be using wooden cases. Conventional cold storage facilities 

sold 47 789 pieces, while modern storage facilities sold 45 000 pieces.  

 

     Table 2: Rental and sale of crates 
 Storage type 

Conventional Modern 
Price  USD (piece)-1 Pieces Price USD (piece)-1 Pieces 

Crate rental 0.63 18 955 0.50 36 667 
Rental crate type Amount % Amount % 
Plastic 11 100 3 100 
Crate sale 1.65 47 789 1.68 45 000 
Crate sale type Amount % Amount % 
Wooden 19 100 1 100 

 
Conventional storage facilities priced the cases at 1.65 USD, while modern facilities 

priced them at 1.68 USD. It was determined that conventional cold storage facilities rented 

out 18 955 cases at a price of 0.63 USD. Modern cold storage facilities rented 36 667 cases 

priced at 0.50 USD. Both types of facilities used plastic cases for rent. 

 

3.2. Costs  

 

Costs for the inspected facilities are given in table 3. Cold storage facilities had their 

costs categorized as fixed and variable. The fixed costs are permanent personnel, depreciation, 

insurance, tax and other compulsory levies. The variable costs are seasonal personnel, 

electricity, water, cases, repairs, maintenance, fuel, oil, transportation, cleaning, office 

supplies and other indirect expenses incurred by the management section. 
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Table 3:Enterprise costs  
Costs Conventional Modern 

USD (enterprise)-1 % USD (enterprise)-1 % 
Crate 1 960.94a 0.80 6 586.83 b 2.16 
Repairs and maintenance 6 152.46 a 2.51 10 104.79 a 3.32 
Fuel, oil and electricity 69 760.55 a 28.46 74 101.80 a 24.31 
Seasonal personnel 2 108.01 a 0.86 1 729.04 a 0.57 
Transportation 4 853.33 a 1.98 8 757.49 a 2.87 
Water 1 593.27 a 0.65 1 642.96 a 0.54 
Sanitation 2 794.34 a 1.14 973.05 a 0.32 
Office supplies 3 014.95 a 1.23 3 937.13 a 1.29 
Various management 490.24 a 0.20 2 470.06 b 0.81 
Communication  2 965.93 a 1.21 2 073.35 a 0.68 
Boiler/climate control 2 009.97 a 0.82 1 609.28 a 0.53 
A. Total variable costs 97 702.36 a 39.86 113 985.78

 a
 37.40 

Permanent personnel 51 303.18 a 20.93 63 676.20 a 20.89 
Depreciation 77 996.52 a 31.82 93 616.49 b 30.71 
Insurance 7 476.10 a 3.05 13 697.60 a 4.49 
Tax, levies and fees 10 638.12 a 4.34 19 838.55 a 6.51 
B. Total fixed costs 147 413.91

 a
 60.14 190 828.84 b 62.60 

Total costs (A+B) 245 117.90
 a

 100.00 304 814.62 a 100.00 

a,b Values on same row with different letters are different(p<0.05). 

 

Fixed costs were greater than variable costs for both types of facilities. Conventional 

cold storage facilities had an average of 245 117.90 USD total costs, with 60.14% of it 

belonging to the fixed cost, while modern cold storage facilities had an average of 304 814.62 

USD total cost, with 62.60% of it belonging to the fixed cost. Modern cold storage variable 

costs took up 37.40% of total costs, while in conventional cold storage facilities this increases 

to 39.86% (Güllenoğlu, 1993). In a similar work conducted in the Marmara region fixed costs 

were determined to average 56.7%, while variable costs averaged 43.3%. Cold storage 

facilities need large machinery investment and thus, fixed costs are usually higher than 

variable costs. In both types of facility, the majority of variable costs are electricity, fuel and 

oil expenses. 

Fuel, oil and electricity costs for conventional and modern facilities were found to be 

28.46% and 24.31%, respectively. The majority of fixed costs in both facility types were 

found to be depreciation and permanent personnel wages. Depreciation and personnel costs 

average 31.82% and 20.93% in conventional facilities, while in modern cold storage facilities 

depreciation and personnel costs an average of 30.71% and 20.89%, respectively. 
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3.3. Net Income  

 

The net income of the inspected facilities are included in table 4 as the per enterprise 

average and per unit storage (tonnes) average. The average net income per enterprise in 

conventional facilities was 110 604.31 USD and in modern facilities it was 315 035.68 USD 

Güllenoğlu (1993) calculated the Marmara region net income average to be 58 666 000 TL.  

 

Table 4: Net income 
 Conventional Modern 

Gross income USD (enterprise)-1 355 722.20a 619 850.30b 
Total cost USD (enterprise)-1 245 117.90a 304 814.62a 

Net income  USD (enterprise)-1 110 604.31a 315 035.68b 
Gross income USD (tonnes)-1 84.54a 90.16a 
Total cost USD (tonnes)-1 58.25 a 44.34a 
Net income USD (tonnes)-1 26.29a 45.83a 
a,b Values on same row with different letters are different(p<0.05). 

 

These results show us that modern cold storage facilities have higher net income 

(p<0.05). Conventional cold storage facilities have a net income of 26.29 USD per tonnes, 

while modern facilities have a net income 45.83 USD. While the net income per tonnes is 

higher in modern facilities, this difference is not significant (p>0.05). Work done by 

Güllenoğlu (1993) has determined net income to be 29 900 TL (tonnes)-1. According to Islam 

et al. (2008), cold storage facilities in Bangladesh were determined to have a net income 

average of 5015206.23 Tk or 1050,965 Tk (tonnes)-1. 

 

3.4. Financial Analysis  

3.4.1. Profitability Rates 

 

Profitability in its most widely used and conventional meaning is the ratio of profit 

through a period of time to the capital used during that period of time (Oluç, 1963). This ratio 

which brought an important approach to the determination of success of a business is 

important in that it enables us to compare the end-of-period profits and success ratios between 

units with economic activities (Bülbül, 1973). In a free market economy the entrepreneur’s 

goal is to achieve the maximum profit with his invested capital and for that reason, financial 

profitability can be used as an important measure of success. This ratio shows the enterprise 

how much profit has been achieved for each 100 TL capital invested in the enterprise in 

question (Güllenoğlu, 1993). Formulas for calculating economic and financial profitability are 
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not repeated here since they were included in the methodology. Table 5 shows us that 

conventional cold storage facilities have an economic profitability ratio of 4.53 and modern 

cold storage facilities have a profitability ratio of 10.39.  

 

Table 5: Economic and financial profitability  
 Conventional Modern 
Net income (USD) 110 604.30a 315 035.68b 
Active capital (USD) 2 439 419.47a 3 032 529.94a 
Economic profitability 4.53a 10.39b 
Proprietary capital (USD) 2 299 640.20a 3 015 913.17a 
Financial profitability 4.91a 10.45b 

a,b Values on same row with different letters are different(p<0.05). 

 

Financial profitability ratios are 4.91 and 10.45 for conventional and modern facilities, 

respectively. These results show us that modern cold storage facilities have higher financial 

and economic profitability ratios (p<0.05). Güllenoğlu (1993) determined the financial and 

economic average profitability ratio of 27 facilities inspected in the Marmara region to be 2%. 

 

3.4.2. Break-Even Point  

 

The break-even point is the production volume that covers all of the enterprise’s costs 

and the point where net profit begins. Therefore, it means the minimum capacity that an 

enterprise must work with to achieve a profit (Yurdakul, 1999). 

Break-even points for the inspected Enterprises are given in table 6. The average 

break-even point was calculated to be 2 680.25 for the conventional cold storage facilities and 

2 848.19 for the modern cold storage facilities.  

 

Table 6: Break-even points of cold storages and capacity usage 
 Conventional Modern 

Capacity (tonnes) 4 978.43 7 125.00 
Fixed expenses total (USD) 147 413.91 190 828.84 
Apple storage amount (tonnes) 4 207.84 6 875.00 
Price per unit storage USD (kg)-1 0.078 0.084 
Variable expenses (USD) 97 702.36 113 985.78 
Variable cost per unit storage USD (kg)-1 0.023 0.017 
Break-even point (tonnes) 2 680.25 2 848.19 
Break-even point capacity usage (%) 53.84 39.97 

 

Because modern cold storage facilities had higher fixed and variable expenses, their 

break-even points were determined to be higher than those of the conventional facilities. 

Using 53.84% of available capacity in conventional facilities and 39.97% in modern facilities 
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was the determined break-even point where income equals expenses. Facilities started to 

profit after this point. Güllenoğlu (1993) determined the minimum working capacity in 

Marmara region to be 1 373.20 tonnes and capacity usage at the break-even point to be 

56.52%. 

 

3.5. Structure and Technique Features of Cold Storages Facilities 

 

Some structure and technique features of cold storage are given in table 7. All modern 

cold storages store different products in different rooms while only 18.18% of conventionals 

cold storages use different rooms for different product.  

 

Table 7: Some structural and technical features of cold storages 
 Conventional Modern  
Different products store in different rooms. 

Yes 2 (18.18) 3 (100.00) 
Relative humidity (%) 
Golden Delicious 83.80 88.50 
Starking Delicious 83.70 88.50 
Granny Smith 82.60 90.50 
Fuji 87.50 93.30 
Starkrimson Delicious - 89.70 
Other varieties  90.00 97.00 
Temperature (°C) 
Golden Delicious -0.37 -0.63 
Starking Delicious -0.39 -0.63 
Granny Smith 0.72 -0.13 
Fuji 1.75 1.00 
Starkrimson Delicious - -1.67 
Other varieties 0.00 1.00 
Do you have pre-cooling system? 

Yes 16 (31.37) 4(50.00) 
Refrigerants 

Ammonia (NH3) 46 (90.20) 6 (75.00) 
Freon22 4 (7.84) 1 (12.50) 
Other 1 (1.96) 1 (12.50) 
Amount of appending refrigerants each year (kg) 204.86 1 037.50 
Isolation materials* 

Styropor 34 (66.67) 4 (50.00) 
Polyurethane in spray foam 7 (13.73) 3 (37.50) 
Sandwich panel 16 (31.37) 5 (62.50) 
Product loss (%) 1.37 1.00 
Do you use 1-methylcyclopropene (Smartfresh)? 

Yes 25 (49.02) 5(62.50) 
*because of multiple choices total percentage is higher than 100. 
**brackets show percentages. 

 

Relative humidity and temperature are changed according to apple variety, and 

modern cold storages have a higher relative humidity comparing than conventionals. Golden 
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Delicious  apple stored in -0.37°C  in conventionals cold storages and -0.63 °C   in modern 

cold storages. 31.37% of conventionals cold storages and half of the modern cold storage 

have pre-cooling system.  

Most common refrigerant gas is Ammonia (NH3) in both cold storages system in 

research area. 90.20% of conventional and 75.00% of modern facilities prefer ammonia for 

refrigerant gas. Product loss is calculated 1.37% in conventional facilities, while in modern 

cold storage facilities product loss is calculated lower than conventional facilities with 1.00%. 

This loss is lower in modern facilities because these facilities also control CO2 and O2 gases 

as well as temperature and relative humidity. Islam et al., (2008) calculated that weight losses 

due to evaporation of moisture from potatoes in different cold storages range from 1.2 to 2.38 

percent per season (8.5 to 9.5 months). 

The average amount of appending refrigerants each year in conventional facilities was 

204.86 kg and in modern facilities it was 1 037.50 kg. 49.02% of conventional and 62.50% of 

modern cold storages use 1-methylcyclopropene (Smartfresh) to prevent losses. 

 

4. Conclusions 

 

This research was a comparative analysis of modern (controlled atmosphere) and 

conventional (normal atmosphere) cold storage facilities by using data gathered from 59 

facilities via questionnaires. During the research we showed the technical and economic 

specifications of the facilities and determined criteria like their capital structure, income, 

expenses, profitability and minimum capacity to run to continue profitability (break–even 

point) and determined which type of enterprise is more profitable. 

According to research, regulation of grants and loans given by various organizations in 

Isparta and ensuring the efficient usage of resources by allowing high capacity and 

atmosphere-controlled facilities would help grow the cold storage industry. Other than that, 

the quality of refrigeration must be inspected thoroughly. 

Application of these suggestions would result in a decrease in complaints and would 

mean fewer problems for enterprise owners create the necessary infrastructure for the 

transition of conventional to modern cold storage facilities and create a workforce with 

technical aptitude in cold storage facilities. It is hoped that this would create a nationwide 

improvement in cold storage facilities in moist fruit storage systems. 
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To summarize, the Isparta region is the biggest apple producer in Turkey. As a direct 

result, an industry dependent on this product can see rapid development. The number of cold 

storage facilities for apples is quite high in both modern and conventional types. However, 

both types have been seen to have some problems. Resolving these problems is important for 

the growth of this industry in the region. 
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