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CHAPTER 1 

INTRODUCTION 

As we discussed in our special study about “packaging for fresh produce” its role in food 

safety and handling and the source of carrying the produce from one point to another with in 

the supply chain, so in this study we will try to use the same knowledge of distribution 

packaging. We also talked about global challenges like climate change, food shortage, and 

sustainable packaging design and packaging materials. 

For Product standardization and adoption in international market, packaging is a source of 

promoting country’s products globally especially for agricultural based countries such as 

Afghanistan, a well-known country for the production of over 50 types of pomegranates. 

1.1 Pomegranate 

Pomegranates have a lot of usages, as a fruit, pomegranates are eaten fresh. They are also 

used in cooking and backing etc. Juice extracted from pomegranate can be used in several 

alcoholic and non-alcoholic beverages. Last but not the least, the fruits and flowers of 

pomegranate are used as a source for dyeing silk, tanning leather and wool. The seeds of the 

pomegranate arils can be used in the extraction of oil which is used cosmetic industries.  

After 90’s, the awareness for pomegranates are attracting interest, now consumers worldwide 

see the pomegranate as a “super fruit” due to its health benefits and nutrition values. It has 

gone from being seen as a fruit that is difficult to eat to a highly sought after super fruit. 

 

Figure 1.1: Pomegranate fruit 

The major markets for pomegranate are Europe, the United States and Canada where the 

popularity of this fruit has resurged in the last ten years and demand has increased. Home to 

pomegranate, turkey, Iran and India and the United Arab Emirates are the largest producers 

of pomegranate. 

1.1.1 Health concerns 

In addition to greater demand for pomegranates as fresh fruit, there is growing interest at the 

international level on the part of the food. Pharmaceutical and cosmetic industries include 
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pomegranate as their main ingredient because of its high nutritional value, antioxidants, 

exotic and sour flavor. Because of such growing needs and benefits, pomegranate is really 

likely catching the market among “super fruits”. 

Pomegranates have been used as medicine for thousands of years. More recently, they have 

been called a "superfruit" that can protect against disease. The laboratory tests of 

pomegranate shows antibacterial, antiviral and antioxidant properties. The extract of 

pomegranate is an excellent source of polyphenols. Polyphenols are chemicals in plant that 

provide flavors and color and are also called antioxidants which means that they can help 

protect cells from damage and lowers inflammation in the body. Pomegranate fruit is rich in 

vitamin C and provide about 40% of its daily requirement.  

Since times in Asia and Middle East, pomegranate tree’s bark, root, and also rind are used as 

medicine. Due to late concern of awareness in the west, pomegranate and its juice are usually 

the parts being studied. The juice and rind have antioxidant properties, while the juice, rind, 

and oil from seeds contain iso-flavones similar to the ones in soy. 

1.2 Global market - Producers 

The pomegranate was cultivated and naturalized over the whole Mediterranean region since 

ancient times and is native from Iran till the Himalayas in northern India. India and the drier 

parts of Southeast Asia, Malaya, the East Indies and tropical Africa are the regions where 

pomegranate is the major cultivars. In United States, California the tree of pomegranate was 

introduced by Spanish-settlers in 1769.  

The present market of pomegranate is in good shape. The demand of the fruit is increasing 

heaps and bounds. Israel being large producer of pomegranate therefore, benefited from the 

European market. Spanish growers on the other hand, are investing to expand their acreage in 

order to benefit from the same market while the Italians are also impressed with the sales 

return of pomegranate fruit. The Turkish exports have also been raised sharply in recent years 

but they still have room in their local market. Egypt also play active role in the export of the 

fruit in the whole world. In neighboring China, pomegranates are also becoming more and 

more popular and on the other side of the ocean, the higher yields are expected to compensate 

for the declining acreage. The United State is also promoting the fruit on the medical health 

level but is experiencing low cultivation due to droughts of California. 
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Figure 1.2: Major producers of pomegranate, production in metric tons per year 

India is the biggest worldwide produce of pomegranate fruit, of which an estimated 25% are 

wild trees with little commercial output value although they are focusing more on its export 

to Dubai and Canada. Indian main export market is Dubai mainly of high quality “soft-seed” 

varieties (Ganesh or Ruby, Bhagwa, Mridula, Arakta), followed by UK, Netherlands and 

Belgium. 

Iran being the one of largest producers I.e. production level equal to 800,000 MT/year, is a 

relatively small exporter of fresh pomegranate and it is may be because of the UN-Sanctions. 

Exports of fresh pomegranate from Iran are mainly directed to Europe. Over the last years 

Iran has focused on pomegranate concentrate juice processing adding eleven plants of an 

average capacity of 10mt/h to the five already existing. Iranians reportedly produced some 

35,000 MT of concentrate juice in 2007 of which reportedly 25,000 were exported to Europe, 

Canada and USA and to a lesser extent to Asian countries. Some other market rivals of 

producing pomegranate are discussed below. 

 

 Spain is also considered to be the pomegranate supplier in most of the European 

Markets which absorbs 95% of an estimated production of 80,000 MT (2007). 

 New market producers like Afghanistan, Uzbekistan and Azerbaijan have now 

recently joined the international export market of pomegranate. 

 Afghanistan has focused mainly on high value/special varieties of the fresh fruit, 

supplied mainly to Dubai competing mainly with India while still India import from 

Afghanistan on the other hand. 

 Azerbaijan is competing largely in price with Iran and has now four state of the art 

processing factories of concentrate pomegranate juice. 

 Uzbekistan has built two new plants of processing pomegranate juice in the period 

of 2005-2007 and targeted mostly the Russian market with little presence in other 

markets. 
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The real boom of pomegranate’s fresh and concentrate juice in the United States took place 

since 2004 after which the pomegranate plant acreage has jumped from 9,000 in 2005 to 

almost 14,000 in 2008. 

1.3 Global market – Demand 

Up to early 90’s nobody knew about the health benefits of super Fruit, pomegranate but in 

United States California POM-Wonderful single handedly launched the super fruit industry, 

pomegranate launches have declined by 11.2% from 2010 to 2011. It stabilized in 2012. 

This brand was launched in 2002, when just 12% of Americans knew about pomegranate. It’s 

marketing targeted influential celebrities, even including the product in TV shows and event 

gift bags. As a result, sales reached up to $165M in 2007. 

The product was successful because a lot of funding was directed towards the research on 

health benefits. Since then, other companies have developed pomegranate products such as 

coffee, tea, yogurt, alcoholic beverages and freshly-packed salads. 

Figure 1.3: Average monthly and yearly prices of pomegranate in EU 

Being the biggest global market entity, EU consumption of pomegranates has also increased 

as a health food and for its juicy sweat taste, which can open a wide range of opportunities. 42 

thousand tons of pomegranates were imported in 2014 and going on increasing because of 

increasing demand. Spain is the only big supplier for EU pomegranates with production 

equal to the production of Afghanistan’s pomegranates. Because of big market and huge 

demand, EU prices for pomegranates fluctuate accordingly as below. 

Figure 1 - Annual wholesale pomegranate price trends in €/kg  

Figure 2 - Monthly distribution of wholesale pomegranate prices in €/kg  

1.4 Pomegranates of Afghanistan  

Afghanistan is an underdeveloped country, thirty years of war has demolished almost every 

development that once it had by the 1960s a brief era of modernity and democratic reform. 

Afghanistan has improved its economy since 2002 due to the infusion of investments from 
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international assistance as well as remittances from Afghan expatriates. These investments in 

agriculture sectors brought a dramatic increase in the economy after when there was more 

political reliability after the fall of the last terrorist groups such as the Taliban. The recent 

improvement in agricultural production is also because of ending a four-year drought in most 

of the cities. 

 

Figure 1.4: Potential incremental GDP sector in Afghanistan 2016 

Afghanistan is known as "the country of the pomegranate" in a view of not only because its 

conventional methods of cultivation but because of its quality enormous size and weight. 

Pomegranate is a major fruit crop in many provinces like Kandahar, Helmand, Wardak, 

Ghazni, Paktia, Farah, Kapisa and Balkh, and is the source of securing the necessity of life 

for thousands of people. Comparing Afghan pomegranates to the same fruit from other 

places are said to be larger, sweeter and redder. 

Afghanistan began to export the fruit to “Carrefour” in Dubai in 2010 and immediately 

created a significant competition there amongst Turkish, Indian and North African rivals as 

the Afghan pomegranate is said to be larger, redder and juicier. Afghanistan's pomegranates 

are exported mostly to Pakistan, where prices are much low and border crossings can also be 

fickle. 

"These are the best pomegranates you'll ever see in your life, they are the biggest, they are 

the reddest and they taste great." 

— USAID 

Adam Pritchard, the Chief Executive of POMGREAT has described the Afghan 

pomegranate as "the best in the world" and Afghanistan as their "spiritual home". Its 

ranking among fruits grown in the country is reported to be second, the first being grapes. 
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India being the largest producer and international market supplier of pomegranates in 2013, 

imports pomegranates from Afghanistan as the afghan brands like Kandahari and Kabuli is 

very famous among Indians. About 40,000 tons worth 10$ mi have been reported being 

exported to India, UAE and Pakistan. 

1.4.1 Afghanistan pomegranate export and export prices 

In 2013, Afghanistan exported 11,905MT of pomegranates at an average price of $0.31/kg. 

Main importers, in this order, were UAE, Tajikistan, India, Pakistan and Germany. 

Table 1.1: Exports for pomegranate from Afghanistan, 2013 

1.4.2 Terminal and FOB prices 

These are the current prices of pomegranate in some world markets: 

Table 1.2: International-market wholesale price of pomegranate 

Country City Year Prices Rang /kg 

Netherlands Rotterdam November, 2014.14 $1.26 to 3.75 

United States New York City November, 2014.15 $1.40 to 2.29 

India India November, 2014.16 $1.50 to $2.10 

Pakistan KPK November, 2014.17 $1.00 to $2.50 

1.4.3 EU - trade with Afghanistan 

The trade begins since 2005 and reaches its peak during 2012. After primary products, most 

of the trade is related to agricultural products. 87mi € worth of agricultural products were 

being exported during 2012. But, in 2015 it dropped down to approximately €38 million 

worth of agricultural products. As pomegranate being the major agricultural crop in 

Afghanistan known in the world, the cultivation is increasing day by day since the end of war 

but the export market is significantly reduced in 2015 despite of its huge demand in EU. 
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Figure 1.5: Annual EU-Afghanistan trade flow 2005 - 2015 

 

1.5 Problem statement 

When, the fruit was first time internationally introduced, the market was very good around 

2011 as explained in introduction but gradually the demand was dropped in 2015 in spite of 

its good production and increasing health awareness of the fruit and its huge global demand. 

From the reference statements below and the Afghanistan’s pomegranate market turnover 

implies the need of sustainable package design in order to deliver the product safer and 

without any damage or injuries, which can shorten the life of the fruit before consumption, to 

its destination markets. 

In Afghanistan country commercial guide article published about Afghanistan – processing 

and packaging on 4/7/2016 and it says that “Most processing and packaging companies of 

agricultural goods are technologically outdated. Agriculture sector was represented to 

have opportunities for investment in equipment to crush, press, pasteurize, filtrate, dry, sort, 

grade, fill, and package a variety of agricultural products”.  

Large Afghan pomegranate crop threatened by lack of markets, farmers say – CNBC. In 

2011, ministries of Afghanistan stated their action plans of identifying the right packaging 

needs required to support agricultural products like fruits and vegetable for highest potential 

of export [MAIL], [MOCI] and Export Promotion Agency of Afghanistan (EPAA). 

1.6 Objectives and limitations 

This research shall accomplish the following: 

1.6.1 Objective 

Effective application of packaging materials knowledge gained from special study 3.0 

“Packaging of Fresh Produce” 
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 To design an export level packaging for the pomegranates of Afghanistan that can 

promote the product internationally. 

 To design a customer-oriented green-packaging. 

1.6.2 Scope and limitation 

Due to the lack of easy or physical approach to the targeted market and short time span of the 

study, tasks are limited to the following target of achievement: 

Material 

The material selection of the project is more related to biodegradable material selection that 

is environment friendly or produce less damage to the eco-system. For more information 

about this part of the study please refer to Special Study 3.0, advisor; Prof. Erik Bohez. 

Market 

European market is taken into consideration as targeted customers for the literature review 

and product design considerations. 

Fill goods 

Since there are more than 50 types of pomegranates in Afghanistan and have different 

grading based on weight and or size. Hence, the study will accommodate a packaging design 

of premium quality pomegranates only. [USAID] 

 

Logistics 

The Environmental Assessment of Logistic Packaging is taken as a comparison from a study 

which was already assessed by Michigan State University because of the same destination 

routes i.e. EU. 
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CHAPTER 2 

LITERATURE REVIEW 

The time when pomegranates were considered to be difficult in consumption, there was no 

development regarding the packaging industries until it is called to be a supper fruit around 

2002. A lot have been done in the area of pomegranate packaging after the successive 

research budget of $13mi spent by POM wonderful in order to find the health benefits of 

pomegranate [A.A. Qader]. New packaging designs and materials has been introduced by the 

leading pomegranate producers like Israel, India, turkey and Iran to compete in the world’s 

biggest market i.e. EU.  

2.1 Overview of pomegranate packaging 

Pomegranates are commonly packaged in single layer crates and cartons of 3.5 to 5 kg crates. 

Buyers might have specific packaging requirements as well. Some suppliers also use plastic 

liners as a mold for each pomegranate in order to avoid product contact hence, reducing 

product external decaying while under compression loading or drop-shock conditions. In 

Afghanistan they are mostly packed without any rigid cushioning material but spongy 

materials made of PP - polypropylene. Double walled CFB crates of 5 – 10kg are being used 

as container for the shipping purpose of pomegranate in Afghanistan. 

 

Figure 2.1: Pomegranate packaging in Afghanistan 

Most of the Asian countries package pomegranate in CFB boxes and use plastics and paper 

trash as a cushioning material for the box to protect the fruit. India is being the largest grower 

of over 36% of the whole world pomegranate production and supplier into Asian and also 

western countries, use CFB boxes with paper and trash as cushioning material for the 

distribution level packaging. 
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Club type packages have stacking edges at four corners and are considered to be best while 

we talk about stacking ability of the package. They are open top containers mostly used for 

non-climatic fruit with low respiration rate but also used for some climatic fruits by 

introducing good barrier property materials like plastic. Plastic films and or liners are used as 

inner part of the open top container as a good barrier for climatic fruits and also useful during 

long storage of non-climatic fruits as well for example, pomegranate.  

Figure 2.2: Pomegranate CFB packaging types 

Packaging of pomegranate is done basically and commonly in two types other than custom – 

packaging. Some Asian exporters use corrugated box while others commonly use trays or 

open top crates. Further, corrugated crates or trays can be categorized on its type of fillers 

which are used to avoid product contact and movement and especially for product cushioning 

effect. 

2.1.1 Cushioning materials 

The plastic liners are made separate according to the size of the tray placed inside, through 

thermoforming. These liners not only keep the product apart from each other but also it is 

useful in cushioning effect. Some Indian suppliers they use Trash papers inside carton to 

perform the same phenomenon but not in the case of product movement inside package 

which can case external damage and the start of ethylene production. In Afghanistan they use 

papers to avoid product contact and the boxes are closed by using thin PTFE gland-type 

packaging ropes but these techniques generate more wastage which is not desirable for most 

European country’s environmental agencies.       
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Figure 2.3: Plastic based cushioning materials for fruit packaging 

It is also important to evaluate the g’factor of any product in order to find its ‘fragility’. 

Therefore, some times without knowing the product, Packaging can be unnecessarily 

expensive and the expense can be from: 

1. Logistic damage caused by the inadequate design. 

2. by considering the total system approach, Over-design of the package can result in more 

protection than is required and sometime usage of incorrect materials results in excessive 

material cost. 

Cushioning materials like Paperboard composite honeycomb structures are also used for 

cushioning. Foam structures – Several types of polymeric foams are used for cushioning. The 

most common are: Expanded Polystyrene (also Styrofoam), polypropylene, polyethylene, 

and polyurethane. 

2.2 Product overview  

After harvesting by hand and cutting stem properly, pomegranate are transferred to 

packaging house where manual sorting is done to reject the unwanted fruits. After washing 

with disinfectant and clean water it is then treated with fungicide and wax. Sizing and sorting 

can be done manually and as well as automated where the fruit is graded for the quality. 

Grading depends on the weight and size of the pomegranate, below table shows properties of 

every grade of pomegranate. Size is determined by the weight or maximum diameter of the 

equatorial section of the fruit, in accordance with the following table:  
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Table 2.1: Pomegranate categories 

 

Size Code Weight in grams (minimum) Diameter in mm (minimum) 

A 400-500 90 

B 350 80 

C 300 70 

D 250 60 

E 200 50 
 

 

Figure 2.4: Grads of pomegranate 

2.2.1 Physiological weight loss of pomegranate 

Overall, for short periods of 3-4 weeks until marketing, the fruit can be held in cold storage 

without any need for MAP technology or special handling and packaging materials. For 

moderate and long term storages from 2 to 6 months after harvest, plastic, Polyethylene bags 

are recommend for packing the fruit for example Xtend® Easy-Tear® bags in small 4-5 kg 

retail cartons. This kind of commercially available PE-bag has a notch opening, which allows 

the user to tear and remove the top part of the bag. Below relations of pomegranate weight 

loss were found under low and ambient temperatures during different storage periods in both 

Xtend wrap and Xtend unwrap cases [Kader et al. 1984]. Ethylene production traces was 

observed in the case of POM-Wonderful pomegranates storages which is a United States 

product cultivated in California. 

 

Figure 2.5: Use of Xtend wrap-in-plastic to control weight loss 
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Figure 2.6: Weight-loss behavior of pomegranate during time period at different 

temperatures 

 

Effects of film wrapping and skin coating on percentage weight loss of pomegranate fruit 

during storage at 25°C (A), 15°C (B) and 8°C (C). 

 
Where, W1 and W2 are the initial and final weights of pomegranate during period of time 

and at different degree centigrade. As in case of Afghanistan’s pomegranates, average 

summer temperature is 25 degree centigrade and in winters an average below 15 degree 

centigrade, no plastic wrapping i.e. Xtend® Easy-Tear® bags are required for the export 

quality pomegranates during storage. 

2.3 Technology in distribution packaging 

Materials like wood, plastic, metals and paper are likely used as packaging materials since 

long. Container made of corrugated paper became the shipping package of preference in the 

early 1900s by replacing wooden crates. Due to its multi-functionality including wrapping, 

enclosing, protecting, cushioning, indexing, stacking and displaying, it is considered to be 

the most suitable package for agricultural products from distribution point of view. More 

than 95 percent of all products in the U.S. are shipped in corrugated boxes. 90% of UK 

imports from countries like Nigeria, African and Asian counties are packaged in corrugated 

material for shipping purposes. 
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2.3.1 Corrugated board packaging 

From the literature review of Special Study 3.0, Corrugated Fiber Board packaging was 

concluded best for the distribution purposes of fresh fruits and vegetables. Therefore, without 

going deep into the process of material selection, we are considering corrugated board as our 

packaging material for the product design. 

Corrugated material is composed of two main elements, a liner and a fluted medium joining 

the two liners. The fluted material which is known as medium is sandwiched between two 

liners and gives the corrugated board its strength and certain limitations as well. A corrugator 

is used to join liner and fluted material by mean of glue, press, cut and scored. There are four 

common cultures used to construct the corrugated board, which are:   

• Board-Grades  

• Flutes-types 

• Weight in gsm  

• Performance - Edge crush test 

Linerboard and flute types 

The linerboard grades are classified based on the number of liners flute used which is 

explained below but it is also important at the same time to know about the types of flute used 

between liners. This will directly contribute to the weight of the corrugated cardboard sheet. 

• Single face: In this type 1 layer of fluted medium is glued to 1 layer of linerboard.   

• Single wall: 1 layer of medium is glued between 2 layers of linerboards.  

• Double wall: 2 layers of flute-medium is glued between 3 layers of linerboard.  

• Triple wall: in such type of corrugated board we have 3 layers of flutes and 4 layers of liner.  

 

Figure 2.7: Types of flutes 
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Flutes exhibit different types of properties depending on the type of flute having different 

thickness and weight per square meter. Above figure show most of the flutes that is being 

used in the industries for variety of purposes. A-type flute is the thickest among all, followed 

by B-flute, which is thinner. C-flute is the most commonly used medium due to its medium 

size and better cushioning. E and F flutes are known as the fine flutes which are thinner than 

B-flute. 

Corrugated board properties like printability, die cutting, puncture and cushioning etc depend 

upon the right flute selection for a specific property enhancement. Below table explain the 

characteristics of each type of flute. 

Table 2.2: Characteristic properties of each flute type 

 

Flute configurations 

A standard to configure each flute type with the right thickness of board and number of flutes 

per feet or meter, has been set to help production companies design their boxes. Although it 

can also be customizable with proper hazard element calculations similarly, increasing the 

weight of the medium can increase moisture resistance of the board. 

Table 2.3: Take up factor and thickness of each flute type 

 

The values for thickness are standard for flutes only and don’t include facings or liners. Last 

column on the right represent “Take-up factor” which is the length of medium per length of 

finished corrugated board.   
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Lamination on CFB 

In the beginning, there were Kraft and white boxes with flexographic printing. During 1980s 

corrugated fiber board totally changed the way a package look like. Because of its good 

printability and high graphics quality, retailers demanded for corrugated box instead of hiring 

sales men in the case of delivering sales information to customers. This resulted to emerge 

litho-laminated packaging in the corrugated industry. 

If on one hand litho-lamination presents opportunities to get into new markets, on the other 

hand it also comes with few challenges. For example, the process of laminating a printed 

litho-label to double-face corrugated board while die-cutting it can cause cracking on scores 

during the converting process and if it is not applied properly, litho-labels can bubble leaving 

air space between the sheet and the label. But this problem can be solved by using resin or 

hybrid glues but a bit expensive. 

Linerboard weight 

The most commonly used corrugating medium weights are specified according to the 

grammage and or basis weight shown in below table and can be used as a reference for the 

medium selection of the package design. 

Grammage: Mass in g/m
2
. 

Basis weight: Weight in pounds per 1,000 square feet (lb/MSF). 

Table 2.4: Mullen test results for most commonly used linerboard grades 

 

2.3.2 Strengthening CFB properties  

There are several manufacturing techniques which can add custom properties to corrugated 

fiber board materials. Besides the usage of more material, flute configurations can also 

enhance mechanical properties of CFB.   
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1) For contributing to good ECT results, orientation of the medium is also important which 

usually runs vertically during stacking. 

2) By using different thickness and board styles such as boxes constructed with double or 

triple wall can add burst resistive properties to the package.  

3) Combination of flute types in double and triple wall CFB enhances the properties of the 

box. 

4) Universal weight for the medium is 26lb/1000ft
2
 (11.7 kg/90m

2
), increasing this will 

improve flat crush, moisture resistance and stacking ability. 

5) Last but not the least design of the box is also important in strengthening the properties of 

CFB. 

2.3.3 Adhesives  

Starch based additives are known for their good flow, tack, absorption, evaporation and set 

qualities which are used as corrugator adhesives. Borax is added to these adhesives to make 

the starch a more highly branched polymer chain with higher viscosity and tack. Modern 

corrugated board manufacturing industries use as little as 2lb (0.9 kg) of adhesive per 

1000ft2 (90m2) to combine single-wall board. 

Adhesives which are used for sealing the joints of the package are mostly plastic based hot 

melts or starch based cold melts. Both are used according to the design of the package such as 

most RSC box is sealed with plastic tapes. 

2.3.4 Corrugating adhesives 

Industrial corrugators are used to form the fluted medium which is then glued to the 

linerboard facings these adhesives are usually starch based adhesives. These adhesives 

exhibit good properties when there is no moisture content in the surrounding, high moistures 

weakens bonding properties of the adhesives. 

1) Starch-based corrugating adhesives are used at around ten to fourteen gram per square 

meter. 

2) The main requirement to keep adhesive doing its job is to keep it away from moistures. 

3) Starches have the capability of modification and can be supplied with the addition of some 

polymeric-materials.  

4) Adhesive with water resistance properties can also be used at higher costs which can 

provide durable bonding for longer times. They are used especially when there is a 

probability of water contact with the package. 

2.3.5 Pallets  

Pallets perform major contribution in handling packaged material during storage or loading 

and unloading periods. For example, Palletization is a good technique of unitizing the retailer 

packages which acquire more handling operations..For a convenient box design it is also 

important to consider standard pallets designs so that the pallet size is utilized properly thus 

saving time and money. 
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According to the European standards, EPAL-pallet is a 120 by 80 by 14.4 centimeters. It can 

be lifted from 4 ways introducing better handling operations. It is made out of wood attaching 

together through 78 in a standard pattern. The European Pallet Association (EPAL) 

standardized ERO-Pallet or EPAL-Pallet in the present market of package handling 

equipment. 

 
Figure 2.8: European standard pallet 

2.4 Design analysis 

There are two basic design needs of corrugated fiber board and sometime also depends on the 

customer need. CFB box and CFB trays are widely used in the logistic business of fruits and 

vegetables. South Asian countries like India, they use CFB boxes for the distribution purpose 

of pomegranates while in the west like European counties they widely use corrugated trays of 

different size and weight for the distribution of pomegranates. 

2.4.1 Box types 

Regular slotted box  

The most commonly used CFB box in the packaging of variety of products is the Regular 

Slotted Container (RSC). This box has four flaps both at top and bottom openings of the box 

in which two of them are called ‘major’ and two of it are minors. The major runs over while 

the miners fold inside the box. The over lapping of flaps sometimes improve the strength 

properties of the box because automatically it increases the number of walls. This 

overlapping is extra material and is not usual in the case of slightly longer boxes.  

 

Figure 2.9: Regular slotted container box 
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The RSC box is a standard box construction but it also have some standard variations and 

those variations can be described based on the followings:  

• Half Slotted Case (HSC)  

• Centre Special-Slotted Container (CSSC)   

An HSC is an RSC but the top flaps are removed making it an open-top type container. 

Therefore, It is used as a tray or inner box or a display box. In the case of inner-box, it is 

incorporated with an outer box with top flaps. The HSC is mostly used for agricultural 

products where the customer can easily remove the lid to inspect any damaged products.   

The CSS containers have all the four flaps both major and minors flaps which meet at the 

center of the box when it is folded. This type of box is famous about its flat top and bottoms 

which makes it steadier when placed in stocks. This feature prevent cutting of extra materials 

and as well as paper-cuts and bruise on products caused by paper edges. Due to full overlaps 

of flaps, top and bottom of the box are considered to be stronger.   

2.4.2 Tray form types  

Unlike RS containers, tray form containers don’t have flaps rather they have one piece 

bottom and requires no glue or taps.  They can be open top or closed top containers but with 

usually less height to width ratio as compared to RSC. Tray form containers are usually used 

the agricultural and beverage industries where display of the product is important for 

consumers. Stacking edges of tray containers makes them superior in stacking as compare to 

RSC boxes. Depending on the design of the package, tray form containers can have 

reinforced stacking edges or walls enforced edges that make them stronger under load 

conditions. 

  

Figure 2.10: Open-top tray container 

One of the important aspects of tray form containers are that depending on the design they 

can be formed with or without adhesives or glues. They call it self-locking trays if no 

adhesives are required.    

Glued Trays  
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When Glue is used in forming of a tray is known to be glued trays. These trays cannot be 

supplied in unfold manner which is the main drawback during the supply chain and stocking 

because of more space consumption. Glued trays have small flaps which are glued during its 

forming and are considered to be better than self-locking trays from economic point of view 

because of less material usage.   

Self-locking Trays  

Locking tabs of a tray makes an open-top container to be a self-locking tray that requires no 

glue or adhesives. These tabs can be folded and interlocked between the left & right side and 

top & bottom side flips. Self-locking tray are useful from logistic and storage point of view 

because they can be stored and or delivered in an unfolded manner. 

Tray Applications  

Tray form container can have different design and are differentiated by the way of 

constructing the folds. Some of the styles can be:  

• Slotted-tray  

• Tray with top-flaps  

• Bag-in-box [Xtend]  

• Display tray  

• One-piece telescopic tray  

• Multi-use box (MUB) tray 

2.5 Good product design 

A product design that is good for everyone in the supply chain. The best design is the one that 

maximize simplicity and minimizes information content. There is no need to make it 

complicated by adding non-value added services. For example, in case of distribution 

packaging, the value added to the package will depend upon the product to be contained and 

the customers which are the wholesalers. The timely design of high quality product should; 

 Well meet customer needs (wholesaler), both functional requirements and aesthetical 

appealing 

 Be easy to manufacture 

 Be inexpensive 

 Provide the company the competitive advantage. 

2.5.1 Quality function deployment - QFD 

When we talk about a customer oriented product which is based on the customer needs and 

expectations, we use a structured tool, called QFD which is aimed towards filling a number 

of translation matrices for the transformation of customer requirements into product 

specification and detailed control of operations. 
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2.5.2. Translation process of QFD 

The procedure to conduct a quality function deployment for a specific product consist of four 

major matrices which lead us from the specific needs of customer till the production planning 

of that needs based product. 

The translation process of QFD is as follows; 

 Product Planning 

 Part Planning 

 Process Planning 

 Production Planning 

Table 2.5: Translation process of deploying quality functions 

 Product Planning Part 

planning 

Process Planning Production 

Planning 

Purposes Identify and evaluate needs 

Identify needs specifications 

relationships 

Evaluate specifications 

Set target values for 

specifications 

Determine 

critical parts 

Derive part 

characteristic 

values 

 

Identify and evaluate 

process/manufacturin

g operations 

Determine processes 

are adequate and what 

in the process need 

improvement 

Compare process 

operations 

Determine target 

values 

Identify internal 

check 

Issues Specifications 

What it takes to enter a market 

Market characterization, 

planning 

Sale strategy 

Competitive assessment 

 

Material 

Hardware 

Packaging 

Suppliers 

Subsystems 

Tolerance 

Reliability and 

repeatability of 

processes 

Critical process 

components 

Process tolerances 

No issue 

Outputs Customer needs document 

Product attributes 

Competitive and analysis 

Market needs 

Critical parts 

and 

component 

document 

Key process 

Manufacturing 

operations 

Key product 

characteristic 

Target values 

Internal quality 

assurance 

2.5.3 Building house of quality 

 Identify customer needs 

 Rate the importance of those needs 

 Do competitive analysis 

 Rate a new design 

 Calculate improvement ratios 
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 Identify sale impact 

 Establish the hierarchy of customer needs 

 Generate product specifications 

 Establish the needs-specifications matrix 

 Determine the influence of each specification 

 Identify specification correlation 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11: House of quality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 

METHODOLOGY 

Relationship 

Matrix  

(5) 

Needs  

Specifications  

Technical & Cost 

Assessment  

Competitive 

Assessment  

Importance of 

needs   

Correlation 

Matrix 
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3.1 Framework  

Before starting the packaging development process and propose a detailed design package, 

information is required regarding what types of requirements there are which provide 

framework for the following development activities. Among the most important pieces of 

information are company requirements, market and customer requirements and governing 

rules and regulations. The following sections provide details of the information to be 

acquired and or method of acquisition.  

Figure 3.1: Steps of methodology 

CHAPTER 4 

QFD AND LOGISTICAL PERFORMANCE OF THE PACKAGE 

Conclusions 

Estimate of Manufacturing Cost 

Design a Distribution Level Package 

Quality Function Development 

Study on the mechanical properties and fragility of pomegranate 

Determination of hazardious elements in Air-cargo 

Strategy Canvas 

Literature Review  

Problem Statement 
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When we talk about quality function deployment we talk something which is more than 

just competing in the market on price and features. They use the term “Blue Ocean” for it 

where the typical competitors are either not existing or irrelevant. So in order to catch this 

market, strategy canvas is used as a diagnostic and an action framework. The horizontal and 

vertical axis of strategy canvas explains the range of elements upon which the firm 

competes on and invests in the offerings that customer gets upon all key competing 

features. 

4.1 Strategy canvas 

The strategy canvas serves two purposes: 

 To know the current state of market space about the product i.e. a deep study about 

the features of the product. 

 To influence consumer in action by changing focus from competitive factors to 

alternatives solutions. 

In our case, I applied the blue ocean strategy to create my strategy canvas comparing our 

product with two most popular existing distribution packaging designs for fresh fruits and 

vegetables focusing on the core factors of product performance that our package design will 

compete on. The selected factors can be extracted from the literature review and is drawn 

into below table. 

Table 4.1: Performance factors of market-available packages 

Product Description Picture 
Materi

al 

Env.Responsibili

ty 

Capacit

y 

No. of 

parts of 

the 

package 

Adhesi

ve 

Tray-typ

e 

packagin

g 

Tray 

 

CFB biodegradable 4 – 10kg ½ 

May/n

ot be 

require

d 

Cushionin

g material 

Molded 

plastics 

Non-biodegradabl

e 

8– 

16pcs 
2/2 nil 

Box-type 

packagin

g 

Box 

 

CFB Biodegradable 5 – 12kg 1/∞ 
Requir

ed 

Cushionin

g material 

Trash, 

PP, 

Paper 

Too much of 

materials 
- ∞/∞ nil 

In our strategy canvas we followed the Four (ERRC) Actions Framework of Blue Ocean 

strategy.  The Eliminate-Reduce-Raise-Create Grid (ERRC) is complementary to the 

four frameworks; 
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Figure 4.1: ERRC framework 

By using the above framework we created a new framework for my strategy canvas 

which is given below which is based on all above four factors: 

 

Figure 4.2: Proposed ERRC framework of package design 

 

4.2 Logistical packaging performance 
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The protection needed for a product inside a package is directly proportional to the 

characteristics of the product and the hazards in the corresponding logistical environment as 

described in below equation. The relationship can be conceptualized as 

Product characteristics + Logistical hazards = Package protection required 

Where logistical hazards varies, depending upon the nature of the career route to be followed 

while reaching destination. There can be three means of the distribution of any product i.e. by 

road, by ship or by airplane. As Afghanistan is a land locked country so, when we talk about 

exporting to European countries, we talk about air-cargo shipments. Therefore the analysis of 

hazard elements acting on the package in air-cargo is very important in order to achieve 

desired properties for the package to with stand these hazards and safe the product inside. 

4.3 Hazard elements in air-cargo 

Due to limited resources practical analysis was not possible for the assessment of hazard 

elements in the air-cargo departing to European countries like Germany and France from 

Kabul Afghanistan but,  

4.3.1 Experiment setup 

An experiment was carried out by Dr. Jay Sing, CAL POLY packaging company in order to 

identify mechanical shocks, vibrations and temperature difference on package during 

air-cargo shipment originating from San Luis Obispo in USA to the destinations like 

Germany, Brazil, Australia and china respectively. The flights were mostly overseas into the 

European countries therefore we can use this data as a minimum reference in this case for the 

flights originating from Qandahar in Afghanistan to the destinations in European countries. 

 

Figure 4.3: Data Loggers (A) SAVER 3X90 (B) SD700 (Dr. Jay Sing) 
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Figure 4.4: SAVER 3X90 and SD700 mounted on metal fixture and test package (Dr. 

Jay Sing) 

4.3.2 Hazard elements – Mechanical shock 

The experiment was carried out with the help of Data loggers like Saver 3X90 and SD700 

and the data was gathered for the round trip of the air-cargo plane. The shocks were assessed 

in terms of drop height, below data was observed. 

Table 4.2: Maximum drop height possible on air cargo (Dr. Jay Sing) 

 

It is important that different product materials have different responses to mechanical shocks 

therefor; the values of shocks are expressed in terms of maximum drop height possible on 

air-cargo plane. 

4.3.3 Hazard elements - Mechanical vibration 

In order to identify mechanical vibration acting on the package during air-cargo, it is also 

important to identify the same while ground transportation because the air package shipment 

spends up to 4 times of it is transport duration in ground vehicles versus an aircraft. 

Therefore, some assumptions that were made and compared with the situation in our case of 

pomegranate transport from farm till airport and then export destinations. 

1. Time in pickup and delivery van: 1h to 4h 

2. Time in truck shipments: 1h to 6h 
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3. Time in aircraft: 1h to 16h for international shipments outside US. 

4. Time of handling facilities: 1h 

Below were the recorded frequency values. 

Table 4.3: PDS break points for air routes (Dr. Jay Sing) 

 

 

In this experiment, the vibration spectrum generated in below graph is recommended for any 

air shipment as it covers a broader range of frequencies and intensities over the “truck only” 

or “aircraft only” vibration profiles. 

For, in the case of air cargo shipment from Afghanistan to European counties, the same 

vibration spectrum is assumed to be followed by a package during the supply chain. 

Figure 4.5: Composite PDS for domestic routes (Dr. Jay Sing) 



29 
 

4.3.4 Hazard elements - Pressure assessment 

Flights originating from San Luis Obispo USA experienced below tabled values of pressure 

on the package on different routes destinations which also include oversea flight shipments. 

The package experienced an average of 11.5 relative atmospheric pressure during a return 

flight.  

Table 4.4: Average relative atmospheric pressure for air shipments  

 

4.3.5 Hazard elements - Temperature and humidity 

At certain elevations, temperature and humidity are constant in air transport environment. 

However, in the terminals, truck transport and outside package handling areas it may not 

likely be in a constant manner as they are out of control environment. The following extreme 

values were recorded during this experiment. 

Table 4.5: Average temperature and humidity for air-shipments (Dr. Jay Sing) 

4.4 Fragility of pomegranate fruit 

Certain test has been carried out on the pomegranate fruit such as compression, peel share 

and cutting tests from which we can determine the fragility of the fruit which will help 

considering minimum cushioning effect of the package because the fragility of the package 

should be more than the fragility of the product inside in order to avoid damage. 

Fragility of the product can be found out from the drop tests performed by M Mohammad 

Shafie, A Rajabipour, H Mobli and M Khanali at University of Tehran. Free-fall dropping 

tests with a series of drop heights (6, 7, 10, 15, 30 and 60 cm) were conducted on fresh 
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‘Malas-e-Saveh’ pomegranates. Below is the diagram of the whole system shown for the 

drop test of pomegranate.   

 

Figure 4.6: Impact Measuring Equipment (ISSN: 2228-6829) 

An aluminum plate mounted on upper part of the piezoelectric force sensor was the dropping 

impact surface of the device. After dropping impact, the sample was caught by hand to 

prevent a second impact due to sample rebound. After impact, the samples were stored at 

room temperature for 48h, during which time bruise tissues and arils turned brown. The table 

below shows the duration of each drop contact time recorded on oscilloscope. 

Table 4.6: Mean values of voltage and time parameters derived from device (ISSN: 

2228-6829) 

 

Drop height notably affected the impact acceleration. The peak force increased while contact 

times decreased with increasing drop height, which resulted in an increase of peak 

acceleration. Figure 6 shows the dropping impact velocity change during contact by 

theoretical calculation. The results showed that the velocities at the beginning of contact and 

the rebound velocities of the samples increased with increasing the drop height. 
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Table 4.7: Pomegranate drop height vs. velocity before contact (ISSN: 2228-6829) 

 

Critical drop height of pomegranate in certain bruise area was determined and linear 

relationship between drop height and bruise volume for ‘Malas-e-Saveh’ pomegranates were 

obtained. It is clear that there were obvious differences between dropping bruise boundaries 

of pomegranates and the conventional damage boundary of products. From the maximum 

velocity before impact and the contact time of pomegranate drop, we can find out the number 

of g’s for the fruit which is find out to be 252 - 257 g. 

 

Figure 4.7: Relationship between drop-height and bruise volume of pomegranate fruit 

(ISSN: 2228-6829) 

It has also been found that the bruise area equal to 100mm
2
 will have critical velocity and 

critical acceleration, beyond which the damage or bruise is accountable for the pomegranate 

skin color-fade and eventually leading to product early decay, which can be compared with 

the conventional dropping damage boundary of products below. 
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Figure 4.8: Product damage boundary curve 

4.5 Stacking strength of the fruit 

An experiment by Nader, Javad and Hadi was carried out on pomegranate fruit in order to 

find out the mechanical properties of pomegranate peel and fruit. The hypothetical 

experiment was consisted of compression, shear and cutting tests carried on a 257g 

pomegranate. The experiment was carried out at different storage periods from 0-6, stored at 

5 degree centigrade. 

Table below shows the results of the compression test of pomegranate fruit. The mean values 

of firmness for the fruits stored for 0, 2 and 6 months were significantly different (P<0.05). 

Table 4.8: Results from compression test for pomegranate fruit 

 

4.5.1 Bio-yield point 

Bio-yield point is described as the deformation of the fruit skin and or internal damage to the 

arial by the application of constant static force is called the bio-yield point of the fruit and the 

force, in this case 47N, at this point is the bio-yield force. Bio-yield energy is calculated from 

the area under the force and deformation curve. 
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Figure 4.9: Bio-yield point of pomegranate fruit @ a=at harvest, b=2months in storage, 

c=6months in storage 

(as shown in figure 9). For the conventional damage boundary, the vertical line, critical 

velocity (Vc), represents the velocity change below which no damage occurs, regardless of 

the peak pulse acceleration. Pomegranate storage temperature is considered to be ideal at 6 

degree centigrade.  

4.6 Quality function deployment - QFD 

In order to apply quality functions to a new product design, it is important to know about the 

needs of the customer because those quality functions will be customer oriented. But, before 

we go to conduct our questioner survey, it is important to identify our mission statement and 

key business goals and markets. 

 
Mission Statement Distribution Packaging Project 

  

Product Description 

 

Customer oriented Distribution-Packaging for pomegranate  

Key Business Goals 30% profit margin 

Supplement Afghanistan pomegranate export business 

 

Primary market 

 

EU – countries 

Secondary market Pomegranate export to countries other than EU 

Local pomegranate market of Afghanistan 

 

Assumptions Good strength and stacking ability 

Easy to use 

Biodegradable materials 

 

Stakeholders  Wholesalers, retailers, exporters, importers 

 

4.6.1 Identifying customer needs 
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Beyond exporting the fruit without any damage and contamination to the European market, it 

is also important to know about the needs of the customers whom are importers and or 

wholesalers of fresh fruits and vegetables in European countries. For this purpose we 

targeted countries like London, France, Germany Spain and Netherlands and communicated 

with them through internet sources like europages.co.uk and more specified markets in 

London like, http://newspitalfieldsmarket.co.uk/market.  

4.6.2 Voice of customer 

Below figure specify import route of EU countries from developing countries and it also help 

us understand our target customers. 

 

Figure 4.10: Market channels for fresh pomegranates in the Europe 

European country retailers and wholesaling companies of fresh fruit and vegetables were 

surveyed by asking them specific questions regarding their handling, storing, market out and 

packaging of fresh fruits & vegetables. Table below shows the voice of customer and their 

interpreted needs. 

Table 4.9: Voice of customers and their interpreted needs 

1. How far and till what stage in your supply chain, does the packaged fruits 
should go after when it is purchased or imported?  

Voice of Customer Interpreted Need 

(i) It reaches to my cold 

storages 

(ii) It should reach to my 

retailers display 

(iii) We distribute them 

locally 

 

(i) Good strength 

(ii) Convenient 

(iii) Easy handling  

(iv) Consumer purchase point 

2. What is the stacking capacity of your cold storages? 
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Voice of customer Interpreted needs 

(i) 2.5 m 

(ii) 3.5 m 

(iii) Maximum possible 

 

(i) Depends on the sensitivity of the product 

inside package 

(ii) Tray – type design packages are better in 

stacking as compare to boxes 

3.   What are the aspects of a distribution package you want? 

Voice of Customer Interpreted Need 

(i) Neat design 

(ii) Easy to store  

(iii) Good protection 

 

(i) Minimum waste 

(ii) Stacking capability 

(iii) Safety 

4.   What kind of package design will you prefer for the import of pomegranates? 

Voice of Customer Interpreted Need 

(i) Should Last longer till it 
reaches retailer’s display 

(ii) Should represent the whole 
product 

(iii) it will be better to have a 
front display at the point of 
purchase  

(i) Good strength and product protection 

(ii) Open top container and trays  

(iii) Communication and printing 

5. What are the problems that you face with the current package of fresh produce 

while importing them? 

Voice of Customer Interpreted Need 

(i) Damaged products 
(ii) Overloaded  
(iii) Too much waste 

(i) Product Safety of the package 
(ii) Liners used as cushioning material, 

serve also as a unit fruit holder 
(iii) Environmental responsibility  

6. What design type of distribution package will you prefer for pomegranates? 

Pictures/Desig
n  

Voice of Customer Interpreted Needs 

 

(i) Bio-degradable 
material 

(ii) Too much waste 
(iii) Can be used, not only 

for pomegranates 

(i) 1 piece CFB carton/box 
(ii) Cushioning material 
(iii) Re-use in same category  

 

(i) Well organized 
(ii) Good in a long run - 

storage 
(iii) Plastic  

(i) Plastic insert tray 
(ii) No product contact 
(iii) Barrier against moisture and 

humidity 
(iv) Non-biodegradable material 
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4.6.3 Grouping customer needs 

From the result, there are many needs from customer. By grouping those needs, we can use 

that information much more easily so we group those needs into five types of needs. Also 

we give the important score to them based on frequent of answer and interesting needs. The 

score were based on relative importance to the needs on the scale from one to ten where 4 

is the least important customer needs and  9 is the most important customer needs. The 

table below shows our customer needs and importance score. 

Table 4.10: Customer needs ranking 

S. No Customer needs Importance 

1 Safety  5 

2 Strength 10 

3 Communication  9 

4 Convenience  5 

5 Environmental responsibility 9 

The score given to each need is from the voice of customer but in the case of environmental 

responsibility of the package, Europe legislations and regulations about the climate change 

was also taken into account along with the voices of the wholesalers and retailers.  

4.6.4 Product specification  

All product specifications are identified according to the needs of customer. The product 

specification is specified so it will meet the requirements of the product features while 

considering the customer needs. However, the specifications are given in attribute and units 

of each specification by using Criteria of specification attribute as shown in Table 4.11. The 

overall designed specification is shown in Table 4.12 below. 

Table 4.11: Criteria of relationship matric 

 

(i) Good product 
protection 

(ii) Too much waste 
(iii) Less storage height 

(i) 1 piece CFB tray/box 
(ii) Height of the box 
(iii) Stacking ability  

 (i) Can be used, not only 
for pomegrantes 

(ii) Too much of the 
product contact 

(i) Reuse of same category  
(ii) Overweight  
(iii) Spoilage  

Attribute of specification symbol 

Positive Relationship + 

Negative Relationship - 
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Table 4.12: Product specifications based on customer needs 

The above table also simplifies the specifications of the package more in detail by defining the 

characteristics of each specification, which will help us identify the strength of the 

relationship between customer needs and specifications. 

4.6.5 Customer needs-specs matric  

The customer needs-matrix is constructed by identify the relationship between each needs 
and specifications. All the matrixes are defined using the relationship criteria as shown 
below. The relationship data is also shown in Table below. 

Table 4.13: Criteria relationship matric 

 

 

 

Table 4.14: Customer needs and product specs relationship matric 

 Specifications 

Nominal / Fit to target = 

Specifications Characteristic-Specifications Units Attributes 

Design Ease of Use/Handling - + 

Flute-type & Direction Stacking ability B, C, E, F, A 

& 

CD, MD 

+ 

Weight of the board Shipping effectiveness g / m
2 

+ 

Number of flutes Manufacturing efficiency Number / m
2 

= 

Flute wt. Product protection g / m
2 

= 

Outer-liner paper Ease of Identification Recycle % + 

Number of liners or medium Material Single wall, 

double wall, 

triple wall 

= 
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Safety  0 0 3 0 9 0 3 

Strength  1 3 3 0 5 0 9 

Communication  0 1 3 0 0 9 0 

Convenience  9 9 3 9 0 5 1 

Environmental Responsibility  1 0 0 9 0 0 9 

4.7 Technical and competitive assessment 

Technical assessment in table below is about the comparison of specification between our 

product and competitors of market in more details. 

The assessment of competitiveness is determined from the current status of the existing 

product in the market. In this project, first i survey the existing products in the market in 

literature review and evaluate their strength and weakness. Then we assumed their current 

position in the market. We put the score of 1 to 10, where 1 represents the lowest level of 

serving that need of customer and 10 is for the highest level of serving that need of customer.  

Afterward we move to our product which we focus for competitive to those existing one by 

adding additional features. In this topic we also consider about our competitor. We assume to 

as two main competitors as discussed in the literature review. Apart from that we consider 

about rate of improvement and sales point. The result of this evaluation is shown in Table 

below. 

 

 

 

 

 

 

Table 4.15: Technical assessment of pomegranate’s distribution package 
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Products 
Materi

al 

Type 

of flute 

Flutes/f

t. 

Thickne

ss of 

board 

Flutes 

wt./m
2 Strength 

Edge 

crush 

test 

/inch 

Available 

in market 

Box/Tray CFB C-type 39±3 3.63 mm 

11.7 

kg/90m
2 

200lbs/Sq. 

Inch 

32lbs 

Cushionin

g material 

PP, PE, 

Plastics, 

Paper 

- - - 32 MPa 

- 

POMPAC

K 

Open-top 

Tray 
CFB 

BC-typ

e 
42 3.63 mm 

13 

kg/90m
2 

<200lbs/S

q. Inch 
≥32lb

s 
Cushionin

g material 
CFB 

BC-typ

e 
42 3.63 mm 

13 

kg/90m
2
 

<200lbs/S

q. Inch 

The component of grammage or basis weight is calculated from outside to inside of a 

corrugated board e.g. Corrugated board “205/127C/161” 

Outside liner = 205grams;                                                                         

Medium = 127 grams, formed to C-flute;                                                                      

Inside liner = 161grams 

Improvement ratio can be calculated based on the future target due to the ratio of future 

product rating to current product. (Future/Today). Sale impact will consider each customer 

need for developing the design. Sale impact score will be considered with 1.5= maximum 

impact, 1.3=medium impact and 1= very few impacts. 

Table 4.16: Sale impact of pomegranate’s distribution level packaging 

Customer Needs 
Importance 

of needs 

Competitor 

value 
POMPACK 

Ratio 
Sales of 

Impact 

Score 

Overall 

weight Trays Boxes Today Future 

Safety 5 10 7 7 8 1.142 1.5 8.565 

Strength 10 9 9 9 10 1.111 1.3 14.443 

Communication 9 9 9 9 9 1 1.2 10.8 

Convenience 5 8 7 9 10 1.111 1.1 6.11 

Environmental 

Responsibility 
9 6 5 9 9 1 1.2 10.8 

4.8 Correlation matric 

Relationships between each specification are identified in this section. The purpose of 

correlation matrix is to trade-off about concentration of each specification. For example, the 

relationship of strength and safety is a positive relationship. It means that if i provide the 

strength of the package which provides more protection to the produce inside, safety of the 

package will absolutely increase. Likewise all others relations are established as shown in 

figure below. 
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Table 4.17: Criteria of correlation matric 

 

Table 4.18: Specifications correlation matric 

 

 

 

 

 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

 

4.9 Customer need and specification ranking  

This part is illustrate the customer needs and evaluated part by the multiplication of 

importance, ratio, and sales of impact. The results are shown in Table and Figure. To get the 

rank of customer need, we need to know the score of customer needs and the summation of 

customer needs. Multiplying the score with 100 (to get the percentage)  

Rank of customer needs = Overall Weight * 100 / Summation of Overall Weight 

Overall weight is the summation of customer needs score while the summation of all scoring 

is 50.718 in this case. 

Table 4.19: Score of customer needs 
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Customer Needs Score 

Safety  16.9% 

Strength  28.5% 

Communication  21.3% 

Convenience  12.04% 

Environmental Responsibility  21.3% 

From above table we have seen that the need of importance for customers will be given in the 

priority of higher percentage. Therefore we focus on the strength, communication and 

environmental responsibility. Least but not less, it is important to consider safety of the 

product inside the package as well which can be obtained indirectly from the strength of the 

package. 

Table 4.20: Score of specifications 

SPECIFICATIONS Characteristic-Specs SCORE 

Design Ease of Use/handling 80.233 

Flute-type & Direction Stacking ability 109.12 

Weight of the board Shipping effectiveness 119.75 

Number of flutes Manufacturing efficiency 152.2 

Flute wt. Product protection 149.3 

Outer-liner paper Ease of identification 127.75 

Number of liners or medium Materials 259 

The weight of the specification was calculated based on summation of each score in each 

specification column multiply by the overall weight of each customer need. Table above 

shows the weight of each specification and we can be ranked according to their percentage 

contribution to the design of pomegranate packaging which we will explain in chapter # 8. 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 5 

DESIGN GENERATION AND SELECTIOIN 

Concept generation process was established based on customer needs and mission 

statement then identified concept of product that can solve the design problems. 

Concept generation can be generated following five steps. 
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5.1 Clarifying the problem 

Figure 5.1: Design problem 

5.2 Sample design 

The following are the sample designs of pomegranate packaging according to the 

questionnaire conducted from random EU importers and wholesalers about the package. 

Literature review in chapter was also kept in mind before designing the sample designs of 

distribution level corrugated board packaging for pomegranates. 

Table 5.1: Design # 1 claims 

Design 1 Description Cushioning  Parts Assembly  

 

 CFB open-top Tray 

 Folded over stacking 

lug 

 Double thickness 

stacking wall 

 Requires glue 

Plastic 

molded cup 

liners 

Required  

 

5.2.1 Complexity defined design#1 

a. Stacking lug is provided by being released from the inner side wall panel. 

b. Stacking lug is held to the side wall by having part of the said stacking lug trapped 

between the said inner and outer wall panels. 

Design  

Proble

m 

Flute Wt. & 

Type  

Green 

Packaging 

Single Piece 

CFB Box  

Cushioning 

Materials  
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c. Stacking lug is formed with two opposite laterally protruding wing portions which are 

trapped between said inner and outer side wall panels. 

d. Tray comprises at least one slot at the junction of said side wall and said base, said notch 

being complementary to said at least one stacking lug. 

 

Table 5.2: Design # 2 claims 

 

Design 2 Description Cushioning Parts Assembly 

 

 CFB Display 

Tray 

 Overlapping 

minors 

 Requires glue 

 Paper trash or PP 

 Spongy 

materials 

Required  

Table 5.3: Design # 3 claims 

Design 3 Description Cushioning Parts Assembly 

 
 

 CFB Displayable 

Container 

 A shell can be 

substantially open 

to permit access to 

contents. 

 Requires glue  

 Plastic molded 

liners 

 CFB liners 

 

Required  

5.2.2 Complexity defined design#3 

a. At least two angular panels are integral with one another via a first panel including a 

display panel. 

b. A side of the shell is substantially open to permit access to contents of the tray. 

c. The display panel integral with the side panel member can be viewed through a 

substantially open side of the shell. 

Table 5.4: Design # 4 claims 

Design 4 Description  Cushioning Parts Assembly  
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 CFB open-top 

Tray 

 Increased 

interior space 

 Less material 

usage 

 Requires glue 

Not 

applicable 

Not required 

5.2.3 Complexity defined design#4 

a. A tray form open top container with much larger inside space formed from a single 

board consisting of a bottom wall, opposite side walls and opposite end walls. 

b. The side walls consist of inner and outer walls defining double walls which are good 

for stack ability. The outer side walls have fold lines that makes it foldable. 

c. Adhesives are required for the side flaps to be bonded with the end wall which define 

diagonal corners at inside and as well as outside. 

Table 5.5: Design # 5 claims 

Design 5 Description  Cushioning Parts Assembly 

 
 

 CFB Box 

 Self-locking tray 

 Tope locking 

flaps 

 One piece box 

Multi-optional 

materials 

Required  

Design # 5 is the most commonly used packaging for pomegranates. Some use wrapped 

sponge material for reduced cushioning effect between pomegranates while some use square 

plastic insert trays for each pomegranate, which act as a mold for pomegranate. Any wall or 

flute type can be made depending upon the customer demand.  

 

 

 

 

Table 5.6: Design # 6 claims 



45 
 

Design 6 Description  Cushioning Parts assembly  

 

 CFB Box 

 Rectangular 

dimensions 

 Plastic  

adhesives for top 

and bottom joints 

 

 Trash 

 Papers 

 PP 

 Spongy 

materials 

Not applicable 

Regular slotted corrugated box / container made from variety of different CFB materials 

depending upon the customer demand. Usually made from BC-flute, used for variety of 

purposes included agricultural products. Plastic based self-adhesive packaging tapes are used 

to close the top and bottom flips. 

Table 5.7: Design # 7 claims 

Design 7 Description Cushioning Parts Assembly 

 
 

 CFB Tray 

 Corner Support 

Posts 

 Great vertical & 

lateral supports 

 No adhesives 

required 

 Improved stacking 

ability 

 

 Plastic molded 

liners 

 CFB partitions  

Required  

5.2.4 Complexity defined design#7 

Below are the few specifications that this package claims to have, which define the package 

best in one or another aspect. 

a.   Design improvement of open-support-column at each corner of the box provides greater 

support under load conditions.  

b.   The triangular column is consist of a bracing panel at its inside that extends between the 

side walls and take the space of the corner of the box to form a separate column at each post.  

c.   In the same pattern, each corner support post is a vertically extending flat corner support 

component, which extends from one side while attached to the other side.  

d.   This interior flat support component is connected either directly to the corners of the box 

or indirectly by a connecting panel.  

e.   This invention of the design though consumes more material but provide an additional 

load-bearing component which resists the lateral forces. 
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5.3 Concept generation scoring  

First we need to think about the score of importance of customer (1-10) and design of 

packaging (1-5) based on the answers of questionnaire. After that, we need to estimate the 

weight score. Score for each design may also depend on the material usage and the 

mechanical properties of those materials. 

Weight Score = Importance of customer needs * Score of design packaging 

After all, the highest score of the design will be chosen for the best concept for the design of 

the pomegranate packaging. 

Table 5.8: Concept scoring for design#1 

Concept Selection 
Importance of 

customer needs 
Design # 1 

Score Weight score 

Safety  5 7 35 

Strength  10 8 80 

Communication  9 5 45 

Convenience  5 5 25 

Environmental Responsibility  9 5 45 

Total  230 

Table 5.9: Concept scoring for design#2 

Concept Selection 
Importance of 

customer needs 
Design 2 

Score Weight score 

Safety  5 8 40 

Strength  10 5 50 

Communication  9 8 72 

Convenience  5 6 30 

Environmental Responsibility  9 5 45 

Total 237 

 

 

Table 5.10: Concept scoring for design#3 

Concept Selection 
Importance of 

customer needs 

Design # 3 

Score Weight score 



47 
 

Safety  5 5 25 

Strength  10 5 50 

Communication  9 8 72 

Convenience  5 9 45 

Environmental Responsibility  9 5 45 

Total  237 

Table 5.11: Concept scoring for design#4 

Concept Selection 
Importance of 

customer needs 

Design 4 

Score Weight score 

Safety  5 5 25 

Strength  10 7 70 

Communication  9 5 45 

Convenience  5 5 25 

Environmental Responsibility  9 9 81 

Total  246 

Table 5.12: Concept scoring for design#5 

Concept Selection 
Importance of 

customer needs 

Design # 5 

Score Weight score 

Safety  5 7 35 

Strength  10 7 70 

Communication  9 7 63 

Convenience  5 9 45 

Environmental Responsibility  9 5 45 

Total  258 

 

 

 

 

Table 5.13: Concept scoring for design#6 

Concept Selection 
Importance of 

customer needs 
Design # 6 

Score Weight score 
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Safety  5 7 35 

Strength  10 5 50 

Communication  9 7 63 

Convenience  5 5 25 

Environmental Responsibility  9 5 45 

Total  218 

Table 5.14: Concept scoring for design#7 

Concept Selection 
Importance of 

customer needs 

Design # 7 

Score Weight score 

Safety  5 7 35 

Strength  10 9 90 

Communication  9 6 54 

Convenience  5 5 25 

Environmental Responsibility  9 7 63 

Total  267 

From the scoring of each design, it is clear that Design # 7 got the highest score but yet we 

have to improve the communication and the environmental responsibility of the package 

according to customer needs. Therefore, it can be concluded that Design # 4, 5 and 7 will be 

used as base concepts for the design of pomegranate packaging which is discussed later in 

next chapter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 6 

DISTRIBUTION LEVEL PACKAGE DESIGN ALTERNATIVE 

In previous chapter we came up with three high score designs i.e. design#4, 5, 7, having 

close scoring weights and yet all those designs were good in one aspect but lake of interest of 
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other needs that were specified by the customers e.g. if design #7 is good for its stacking 

properties then the convenience and environmental factors are not up to the importance of 

customer needs as we can see from the table of Design#7 of previous chapter. Therefore, 

selecting three of the best designs from seven will help us give clues for the alternate design 

of the package in this chapter. 

6.1 Design definition 

From the competitive designs explain in previous chapter, were based on customer needs 

while the successive three designs aims towards those needs of customers which were ranked 

high i.e. strength, communication and environmental responsibility, safety and convenience. 

Although safety and convenience were ranked as lower order but when we look at the 

relationship table of customer needs and specifications, they can relate to one another. For 

example, if we talk about strength, safety also comes into account. 

For the material selection of the package, we are already come up with CFB-material in our 

Special Study 3.0 which can contribute to Environmental Responsibility and Communication 

needs of customers. Last but not the least, this selection of material will also contribute to the 

Safety need of the product which is fragile and need better cushioning than any rigid 

material. 

The package has an interlocking mechanism which doesn’t require any glue or adhesives. It’s 

a tray-type open-top container made with single sheet of CFB - corrugated fiber board, 

contributing towards the needs of “Ease of uses” and “manufacturing efficiency”. Regarding 

the protection of the product inside which relates to the “Safety” factor of the customer 

needs, the same CFB board is used as cushioning material of the product. Unlike other 

packages of pomegranate i.e. boxes with trash or trays and with plastic molds as cushioning 

material, have negative impacts on environment and generate more waste. There are also 

packages in the market that uses CFB board as cushioning material but still customer think 

they generate more waste because they may not be made of single sheet. For example, 

customer’s answer to the design problems of existing packages, or example, customer’s 

voice; “too much waste”. 

6.2 Design specifications 

1. Four stacking-tabs. 

2. Stacking-tab holes interlocking the package below. 

3. Top and bottom flips have double wall thickness when it flips-over the side walls. 

4. Flip-overs have locking tabs, no adhesives required. 

5. Blank has the locking holes in the base for the flip-over locking-tabs. 

6. Leading edge boundaries on left and right side has a curvature of radius 1.2cm.  

7. One-piece corrugated fiber board packaging with a cushioning board, right and left flips. 

8. The right and left flips has six holes for 3kg of premium quality pomegranate. 
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Figure 6.1: Unfolded top-view of the box 

 

Figure 6.2: Folded view of the box 
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Figure 6.3: Top and bottom folded-flips view 

 

Figure 6.4: In position ready to be interlocked view 
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6.3 Dimensions of the package 

The dimensions of the package are selected based on the customer needs of easily handle 

package from convenience factor of view, and as well as considering the dimensional 

properties of the premium quality pomegranate as discussed in chapter 4. Weight of the 

package is considered to be 3kg and the dimensions are mentioned in below table. 

Table 6.1: Dimensions of the package 

Volume of Box Cushioning board 

dimensions (cm) 

Package-inner 

dimensions (cm) 

Length 51.96 69 

Width 40 40 

Height 7.8 15.6 

6.4 Board and flute selection 

As discussed in literature review, board and flute selections are based upon the fragility of the 

fruit as the number of g’s for package should be more than that of the fruit in order to avoid 

bruise or damage. Last but not the least Logistical Environment hazards were also taken into 

considerations.  Before selecting the board, customer need for the stack-ability of the 

package was also kept in mind.  

Table 6.2: Board and flute specification matrix 

Specifications Linerboard Flute 

Type 

Double-Wall 

 

B/C-type 

 
Weight 205gsm 195 g/m

2 

No. of flutes - 42C-52B / ft. 

Thickness 0.397+0.33=0.727cm 0.363+0.25= 0.613cm 

Machine 

direction & 

Stacking 

direction-CD 

(Demo) 
 

For shaping and die cutting the box we will use MD-machine direction while for stacking and 

strength purpose of the box, we will use CD-cross direction which will contribute to ECT of 

the package as demonstrated in above table. 

https://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjMhrTZ2rXUAhUNTI8KHXndAWYQjRwIBw&url=http://packagewarehouse.com/boxes/cardboard-boxes/corrugated-cardboard/&psig=AFQjCNEfTfNIl3CFIOKRJAA-p1B5bG76-A&ust=1497267625395330
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjy7LXxn7fUAhWGp48KHZjWC5gQjRwIBw&url=http://www.jordanpaper.com/Info.aspx?ID=3&psig=AFQjCNHcSo2xk_DB-WV5K29AGxjWH6I8hg&ust=1497320557461403
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Table 6.3: Characteristic-specifications of selected BC-board 

  

From the selection of BC-flute we will get the required properties as mentioned in above 

table 8.3 which will contribute to the overall specifications of the material selection in table 

6.4.  

Table 6.4: Grammage of linerboard and fluted medium 

Basis Wt. MSF (gsm)
 

Base Paper Flute Take up Factor 

42 # (205gsm) Liner Recycled Kraft 

BC-type of medium 1.43 

40 # (195gsm) Medium Kraft 

42 # (205gsm) Liner Recycled Kraft 

40 # (195gsm) Medium Kraft 

42 # (205gsm) Liner Recycled Kraft 

Universal weight for the medium is 11.7 - 15kg/90m
2
 (127 – 190 GSM)

 
but as we are not 

supporting any plastic material for humidity control, that’s why I am keeping the 

flute-weight higher than the normal which will act as a humidity barrier to hot environments. 

6.5 Weight of the package 

The weight of a corrugated box is directly proportional to weight per square meter of the 

sheet and the area of the sheet as shown at the end of calculations. The area of the sheet is 

found by multiplying the length of the sheet required the total width of the sheet required. 

We can find out these dimensions by using the formula below:  

 

 Length of sheet required = 2L + 2W + 2"  

       = 2(27.1654) + 2(15.748) + 2 

       = 87.82 inch 

Where, “L” and “W” are the length and width of the package and 2” is the box allowance 

and is used as stitching margin. 

Width of the sheet required = W+Hx2 
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         = 16 + 12.4  

                            = 28.4 inch 

Area of the sheet = 28.4 x 87.82 

     = 2494 inch
2
 = 1.61 m

2 

The weight per square meter of the sheet depends on the number of piles and the number of 

grams per square meter (gsm) of the paper. So in our case we use double wall i.e. three ply 

corrugated board and the formula will be 

= Gsm of bottom liner + gsm of bottom liner + (1.45*gsm of medium)  

Weight of medium used = 195 g/m
2 

Weight of Liner = 205 g/m
2 

Therefore, the weight of the corrugated sheet in gram per square meter = 487.7 g/m
2  

It is important to calculate the weight of the box in order to know the cost, the strength and 

to estimate the amount of weight can hold. Areas of the sheet multiply by the weight per 

square meter of the sheet used. (Excluding the weight of the paper lamination) 

Weight of the box = 785 grams 
 

6.6 Package label design 

Label design and printing plays and important role for the package at the point of purchase 

where customer decides to buy or not after reading the label of the product. Special use 

packaging labels include serial number plates, instruction labels, shipping labels, fleet wraps 

and barcode labels. The label design in this study should contain the information about the 

package, the product and most of all the carrier rules of the package in the case of distribution 

level packaging. 
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Figure 6.5: Left and right side pomegranate package-label design 

To protect the right of consumers in the EU to access useful and appropriate information, 

Regulation (EU) No. 1169/2011 establishes the general principles, requirements and 

responsibilities governing food information, particularly with regard to food labeling. 

6.6.1 Logo design 

Logo design for the package was an interesting job. Afghanistan is situated at an elevation of 

1100m from the sea, making it the ideal location for pomegranates cultivar from an 

agriculture point of view. Therefore, Logo is designed by considering pomegranate’s ideal 

location. 

Figure 6.6: Company logo design 

Ochat Elevation: Ochat is a Pashto language word which means high while elevation is the 

distance from the sea level. Mountain in the logo represent alphabet ‘a’ while tree represent 

alphabet ‘t’. The logo is more based on the geographical location of the country. 
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Figure 6.7: Package top and bottom side label design 

Above figure shows top and bottom side view of the design indicating brand name, 

information about sender, brand picture, nutrition facts and daily dietary plan of good health. 

Printing & Lamination: The whole box will be laminated with black color paper with printed 

logo and label on it. Label on the package will be carried out through the lamination of a 

pre-labeled paper on the unfolded package (Full-Box-Wrap). This process will not only label 

the package but it will also act as a barrier to atmospheric hazardous elements. Presently 

market is full of such laminating machines for example; ACM Litho-Laminating Machine 

can be used for this purpose which will produce an eye-catching, high-gloss finish that looks 

vibrant and attractive. Some of the specification of the two different models is mentioned 

below. 

Table 6.5: Litho-laminating machine specifications 

Model Max Size Min Size Power Speed Weight Machine Size 

NB-1300E 
1300× 

1100mm 

350× 

350mm 
10KW 0-90m/min 5000kg 

10000× 2000× 

2400mm 

NB-1450E 
1450× 

1100mm 

350× 

350mm 
12KW 0-90m/min 6000kg 

10000× 2100× 

2400mm 

Adhesives: Commercially available Enziflex™ 5330 is an adhesive based on polyvinyl 

acetate dispersion. Used for the lamination of paper on cardboard and is Suitable for roller 

and/or segment application. It is a water-based homopolymer having the properties of fast 

bonding. 

6.6.2 Box manufacturer’s logo 

Box manufacturer logo is also important to be printed or laminated on the box in order to 

justify certain properties of the box. Properties can be related to the box Edge crush Test or 

sometimes burst strength of the box and the justification of the maximum load limit. In this 
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study the company OCHAT ELEVATION is assumed to be the same company who 

manufacture their own boxes for the packaging of pomegranate. Below logo was suggested 

to be printed on the box. The value of ECT mentioned on the box was found theoretically in 

the below section of carrier rules.  

 

Figure 6.8: Box manufacturer’s logo design 

6.7 Carrier rules 

Carrier rules for the design, is necessary to be printed on the box which include information 

about sender and receiver and also the manufacturer of the box. The most important part of 

the carrier is also to provide information about the package. For the properties of the box 

McKee formula is used to find out the ECT, edge crush strength of the package.  

 

Figure 6.9: Left and right side lamination view after printing 
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6.7.1 Product information 

Usually distribution packaging don’t include ingredient or nutrition fact labels but as in our 

case the package is customer oriented and most of all it’s a distribution level package for the 

fruit which is not very famous among common people therefore, I also suggested to print the 

logo of nutrition facts on the package. 

 

Figure 6.10: Nutrition facts about pomegranates and dietary consumption 

Quality: Fresh fruits and vegetables imported from third countries to the EU must conform 

to the EU General Marketing Standards or their equivalent. These standards are included in 

the General Marketing Standards of Regulation (EU) No. 543/2011. Annex 1 of this 

regulation summarizes the minimum requirements that products should be intact, clean, 

sound and practically free of pests, damage, abnormal external moisture and internal 

browning. 

Size: The EU regulations on size and weight of the pomegranate are presented in CODEX 

STAN 310-2013. Pomegranates can be categorized in accordance with the size based on the 

diameter or weight in grams in existing commercial trading practices. Therefore, 

pomegranate package should be labeled with the size or number of fruits and or by 

mentioning the weight per piece of the fruit.. 

 

 Size determined by the number of fruits in the packaging 

 

 Size code 1/A; ≥81 mm 
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 Size code 1/A ≥501g 

6.7.2 Package testing 

Package testing is important for the carrier rules in order to know about its stacking capacity, 

compression strength and edge crush test value. Below is the available information of the box 

from literature review and design alternatives that can be used to find out the compression 

strength and ECT of the box. 

Table 6.6: Required input data for ECT of the package 

Required Data Values 

Dimensions of the package 0.69m * 0.4m * 0.156m 

Total Weight of the package 5kg 

Stacking length 3m 

Environmental factors 

Relative humidity 56% 

Duration of stack 7days 

Mechanical vibration 2.155 g
2
/Hz 

Atm. pressure 12 Psig 

The pallets are assumed to be in a good condition and there will be no overhang. Interlocking 

factor of 0.5 is used for the stack locking tags of the package. Now in order to find out the 

required compression strength for ECT of the package, total number of packages above the 

bottom one was identified from the ratio of total stacking and package height and 

environmental factors were discussed in table below. 

Number of stacked boxes = 3 / 0.156 = 19.2 

Therefore,  

Load on the bottom package = 19.2 × 5 = 96 kg 

Table 6.7: Environmental and stacking factor of the package 

Factors Value 

56% RH 0.44 

7days Stacking duration 0.5 

2.155 g
2
/Hz Mechanical Vibration (250Hz) 0.65 

12Psig Atm. Pressure N/A 

Stacking Factor 0.143 

Box compression strength - BCT = Load / stacking factor 

= 96 / 0.143 = 672 kg 

McKee Formula  
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BCT=5.87 × ECT × (T × BP)
 1/2

 

ECT = BCT / [5.87 × (T × BP) 
1/2

] 

Here, ‘T’ is the thickness or caliper of the board = 3.97mm = 0.00397m 

      ‘BP’ is the box perimeter = 2L +2W 

     = 2(0.69) +2(0.4) = 2.18m 

Therefore, ECT = 672 / [5.87 × (0.00397 × 2.18)
1/2

] 

  ECT = 68.66 lb/in or 1226.3 kg/m 

The Mckee formula we used is the short form of the formula which usually predicts 

approximately 5% higher value of ECT therefore; we can assume the actual theoretical value 

of ECT for the box to be 65 lb. /in. 

6.7.3 Package rules and regulations 

Handling the package during shipment and the logo of fragility of the product is important to 

print or sometimes stickers are put on the box. It is also an important rule to mention about 

working environment and the handling direction of the package. Below sign can be used for 

all four carrier rules of the package. 

 

Figure 6.11: Package handling instructions 
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CHAPTER 7 

COST OF THE PACKAGE 

7.1 Theoretical calculations 

There are four easy steps to estimate the cost of regular slotted corrugated fiber board 

container: 

a. First we have to determine the total area by counting inside dimensions, adding flaps 

and 2.5’ to 2(L+W) to account for the score allowances and manufacturer’s joint. 

This is the amount of board used to make the blank. 

b. From the blank size and basis weight, we will then determine the amount of material 

used in the liners and the medium. The medium has a take—up factor that varies by 

flute (1.43 for C-flute). 

c. Now, to find out the cost, we have to find the market cost of the containerboard 

materials and multiply it by the number of pounds used in making blank tray or box. 

d. For manufacturing cost and one-to-two flexographic printing, researchers suggests 

multiplying the cost of the material used to make the blank in order to find out the 

estimated overall cost of a finished RSC. 

7.2 Cost of the pomegranate package 

Now in order to identify the cost of our package, we used the same method of cost 

identification as used for regular slotted containers because the material usage in both type of 

package is same. But in the case of commercially available trays the material usage is less as 

compare to RSC containers. Therefore, for which the above mentioned steps cannot be 

followed. 

7.2.1 Market assumptions 

Below are the import prices of corrugated fiber board from neighboring countries; 

Cost of 42 lb. linerboard in Afghanistan is $1000/ton 

Cost of 26 lb. medium in Afghanistan is around $900/ton  

The manufacturing cost of the box is assumed to be double the material cost of the package 

which is very normal and common short cut of finding the total estimated cost of the 

package. 

7.2.2 Blank size 

By knowing the length, width and height of the box, below formula can be used to estimate 

the amount of material used in the manufacturing of the box. 

[(2×27.2”) + (2×15.7”) + 2.5”] × [(15.75) + 6.1)] = 1924.94 in2  
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Or 13.4 ft2 

7.2.3 CFB weight calculation 

Wt. of the faces: as we are using double corrugated board so there will be three linerboards 

involved. 

Therefore, 

3 × 13.4 × 42 lb./1000ft2 = 1.7 lb. 

Wt. of the medium: As we are using C-flute so the take up factor is = 1.42 

13.4 × 26 lb. /1000ft2 = 0.34 lb 

7.2.4 Estimated material cost 

(1.7 × 1000 / 2000lb) + (0.34 × 900/2000lb) = 1.003$ 

Estimated cost of box 

Around $2 
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CONCLUSIONS 

Pomegranate is not a too fragile fruit unlike other fruits, having higher values of g-factor i.e. 

252.3g, but having weight loss problems during prolong storages. For short time storages 

such as for logistic purposes (7days or less), pomegranate can be stored and shipped in paper 

based packaging. 

Current packaging of pomegranate provides good logistic solutions during product life-cycle 

but most of the packaging has non-degradable materials or produce too much waste which is 

against the environmental laws of most of the European countries. 

The proposed design of pomegranate’s packaging in this study provides a wider range of 

European countries importers and wholesaler’s needs and their demands about the 

packaging. The design is based on the requirements extracted from the voice of customers 

and addresses two important issues i.e. air cargo shipment of the fruit and environment 

protection through the use of biodegradable materials.  

The proposed design is made out of single CFB sheet and requires no assembly of parts such 

as separate cushioning material unlike other packaging solutions. The design requires no 

adhesives during assembly and has interlocking mechanism.  
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RECOMMENDATIONS  

Afghanistan’s economy, despite of its dry and cold weather is agricultural and this may be 

the reason that it is an ideal location for pomegranate cultivars. The quality is considered to 

be the best even among the countries of its highest production such as India and Iran. 

Afghanistan can compete with export-market rivals very easy, based on the quality, weight 

and size of the fruit. 

To capture the export-market of EU-Countries, the need of delivering the product safe by 

maintaining the quality against the logistic environment, sustainable packaging solutions are 

needed. The need can be achieved with the use of proposed packaging design that will not 

only safely deliver the product but it’s also up to the needs of wholesalers and importers of 

EU-countries such as London, Germany etc, that will make it as their first-to-buy product. 
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