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Summary 

Drying of fruits has been done for many years and different techniques have been developed. 

For preservation of fruit, drying is a good method for producing sustainable food products 

that avoids waste. The interest in producing sustainable food products that are nutritious and 

safe from bacterial growth has increased. In developing countries large amounts of food are 

destroyed, while many people are undernourished. 

Every year large amounts of pineapples are produced in Ghana. The pineapples are either 

being sold fresh or distributed to juice producers. To minimize the wastes and improve the 

economy in rural areas, drying is an interesting method. The unreliable power supply system 

is a problem in Ghana. Power failure is frequent. During dry season, sun drying is a suitable 

method for Ghana, which has a tropical climate with dry and rain seasons.  

A solar dryer for pineapples has been developed, constructed, modified, tested and 

implemented in the village Edumafa, in a rural area of Ghana. The only energy source that has 

been used to dry the pineapples is the sun. 

Before the trip to Ghana, drying tests were made in a laboratory in Sweden and a prototype of 

the dryer was built in the university workshop. This was done to facilitate the work in Ghana 

by gaining experience from drying and constructing. The prototyping also clarified which 

type of tools that would be needed so the tools could be transported from Sweden.  

The results from drying pineapple slices at 70°C in an oven in Sweden resulted in slices with 

hard shells and a soft, moist content (the moisture could not be removed since it became 

enclosed inside the slices).The conclusion was drawn that the pineapples cannot be dried in 

such a high temperature. Slices were in good quality when dried at 50°C.  

Since the citizens in the village Edumafa have never dried pineapples before, it is important 

for them to learn how to use the dryer and keep it in good working condition. During wet 

season it is important that the dryer is protected against rain.  

In the mid of a sunny day, when the temperature in the ambient air was 30°C, the temperature 

in the drying chamber could be around 50°C. Temperatures over 50°C were possible to 

achieve and there were no risk for getting to high temperature in the drying chamber. 

Therefore good drying temperatures can be achieved. 

To change the economy in considerable proportions for the citizens in Edumafa, a bigger 

dryer is necessary. The villagers need investment help to afford a bigger dryer of this type. 

The dryer can minimize losses of pineapples and create bigger incomes if the solar dryer is 

maintained in good condition and the villagers use it often to dry pineapples. 

  



Sammanfattning 

Att torka frukt har gjorts i många år och olika tekniker har utvecklats. Torkning av frukt är en 

bra metod för att förlänga hållbarheten och minimera spill. Att producera mat som både har en 

lång hållbarhet, är näringsrik och har låg mikrobiologisk tillväxt har idag blivit mer och mer 

aktuellt.  I utvecklingsländer förstörs stora mängder av mat samtidigt som det finns ett 

problem med undernärda människor.  

I Ghana skördas stora mängder ananas varje år och säljs antingen färska eller skickas iväg för 

juiceproduktion. För att minimera spill och förbättra ekonomin på landsbygden, torkning är en 

intressant metod. Ett problem i Ghana är det instabila elnätet. Strömavbrott är vanligt 

förekommande och därför är det bra om torkningen sker med metoder som inte kräver 

elektricitet. Klimatet är tropiskt med torr- och regnperioder, och soltorkning passar sig bara 

under torrperioden. 

En soltork för ananas har utvecklats, byggts upp, modifierats, testats och implementerats i byn 

Edumafa på den ghanesiska landsbygden. Den enda energikällan som används av torken är 

solen. 

Inför resan till Ghana har i Sverige torkförsök gjorts i ett laboratorium samt en prototyp av en 

soltork byggts upp i universitetets verkstad. Detta för att underlätta arbetet i Ghana genom att 

få erfarenheter från torkning och byggande. Byggandet har även klargjort vilken typ av 

verktyg som kan tänkas behövas så att de kan bli transporterade från Sverige. 

Resultatet av torkförsöken i Sverige visade att vid 70°C blir ananasen bränd på ytan (fukten 

kan inte transporteras ut eftersom den blir instängd inuti skivorna), vilket gör att ananasen inte 

går att torka vid en sådan hög temperatur. Ananasskivorna fick bra kvalité vid torkning i 50°C 

i laboratoriets ugn. 

Eftersom soltorkning av ananas är något som byborna i Edumafa aldrig har gjort tidigare, är 

det viktigt att de förstår hur torken fungerar samt att de kan torka ananas på egen hand.  Under 

regnperioden är det viktigt att torken skyddas från regn. 

Mitt under en solig dag då utetemperaturen är cirka 30°C kan temperaturen i torkkammaren 

bli cirka 50°C. Temperaturer över 50°C var möjliga att uppnå och det blev aldrig för varmt i 

torkkammaren. Vilket tyder på att bra torktemperaturer kan uppnås.  

För att kunna få till stånd en betydande förändring i ekonomin i Edumafa, är det nödvändigt 

att bygga en större tork. Invånarna behöver ekonomisk hjälp till investeringen för att ha råd 

med en större tork av denna typ. Torken kan minimera spill av ananas och generera större 

inkomster, om torken bevaras i ett gott skick och invånarna använder den ofta för att torka i. 

  



Förord 

  

Detta examensarbete har redovisats muntligt för en i ämnet insatt publik. Arbetet har 

därefter diskuterats vid ett särskilt seminarium. Författaren av detta arbete har vid 

seminariet deltagit aktivt som opponent till ett annat examensarbete. 
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1. Introduction 

1.1 Background 

Ghana is located between Ivory Coast (Côte d’Ivoire), Burkina Faso, and Togo in West Africa. 

Along the coastline flows the water of the Atlantic Ocean. The Republic of Ghana gained 

independence the 6
th

 of March in 1957 from the British. Formerly it was named the Gold 

Coast because of the large amount of gold that Ghana was, and still is, extracting. Other large 

natural resources are diamonds, bauxite, manganese, timber, cocoa, oil, and hydroelectricity 

(Utley 2009). Although Ghana has many resources, it is a developing country classified as a 

lower-middle-income economy by the World Bank (2012). 

Ghana’s total population is 24 391 823 persons (World Bank 2010). 28.5 percent of 

Ghanaians are living below the poverty line (World Bank 2006). 10.4 percent of those 

available for work are currently unemployed (World Bank 2000). 

Ghana is divided into ten regions of which the Cape Coast and Edumafa are in the Central 

Region. The climate is tropical with two rainy seasons each year in the south, April-June and 

August-September (Utley 2009). 

 

Figure 1 Edumafa is on the coast between Saltpond and Ekumfi Narkwa. The map also shows the city Cape Coast. 

(http://maps.google.se/maps?q=districts+in+Ghana&oe=utf-8&rls=org.mozilla:en-US:official&client=firefox-

a&um=1&ie=UTF-8&hl=sv&sa=N&tab=wl) 

1.2 Sustainable development 

The definition of sustainable development by the United Nations (UN), in the report of the 

World Commission on Environment and Development (WCED) “Our Common Future” 

(often called the Brundtland report) from 1987, is “…development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs”. 

http://maps.google.se/maps?q=districts+in+Ghana&oe=utf-8&rls=org.mozilla:en-US:official&client=firefox-a&um=1&ie=UTF-8&hl=sv&sa=N&tab=wl
http://maps.google.se/maps?q=districts+in+Ghana&oe=utf-8&rls=org.mozilla:en-US:official&client=firefox-a&um=1&ie=UTF-8&hl=sv&sa=N&tab=wl
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Furthermore, the report discusses in detail what sustainable development is, and gives several 

different examples that display its significance. One of them is paragraph 15, presented 

below: 

In essence, sustainable development is a process of change in which the exploitation 

of resources, the direction of investments, the orientation of technological 

development; and institutional change are all in harmony and enhance both current 

and future potential to meet human needs and aspirations. (WCED 1987, no 15) 

Challenges such as exploitation of resources and technological development that do not 

compromise with each other, now and in the future, can be found in paragraph 15.  

Sustainable development is a wide concept and a framework for change. To achieve a 

sustainable development, the social environment, economic, technical and environmental 

development is necessary. Several countries, including Sweden and Ghana, have made their 

own definitions, and sustainable development is a part of several countries’ national planning. 

Now the most important questions are about how we can achieve it and measure the progress. 

It is not easy to go from theory to making a difference in practice, since the changes that 

might be necessary is on many levels and might require a change in the way of living (Perdan 

2004). 

In developing countries, more people are gaining access to more than the basic standards of 

living such as food, energy, water and sanitation. An example can be the increasing use of cell 

phones. Despite this, there are still many who lack food for the day or access to clean water. 

The development needs to be prioritized for the poor people so that it is not only the rich 

people to get richer while poor people remain suffering. When people get richer, their way of 

life usually leads to a greater environmental impact than earlier and utilization. However, this 

is not always the case since people who lack basic needs often do not have the materials and 

technology to live more energy-efficient (Perdan 2004). 

President John Evans Atta Mills has, together with people from the government, developed a 

program of economic and social development policies. Below is a quotation from the 

document. 

  
The problems that Ghana faces may be summarized as follows: 
• Poverty incidence is still high despite improvements in the last decade; 
• Inequality is worsening between and within regions; 
• Unemployment is still high and rising despite improvements in economic growth, 

and provides the most visible development challenge; 
• Social and economic development is compromised by poor educational and 

inconsistent health outcomes, with implications for productivity and future 

development; 
• Weak incorporation of gender issues in policy processes; 
• Significant outlays on infrastructure have not crowded in the required private 

investment; 
• Absence of structural change compromises sustainable growth and development; 

and 
• Public institutions do not deliver adequate services for rapid development. (Republic 

of Ghana 2010, pp 29) 

In Ghana poverty is higher in rural areas than in urban. Food crop farmers who export 
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products are generally less poor than those who do not export. Crop farmers around Accra and 

in the rural forest zones that export, have the highest reduction of poverty. Still, crop farmers 

are those with whom poverty is most widespread. The farmers are often women (Republic of 

Ghana 2010). 

In Ghana many infants, children, and fertile women are malnourished. This results in 

disorders. Therefore it is important to create nutritious and safe food, but also cultivate 

enough food to be able to supply everyone’s needs (Republic of Ghana 2010). In this project, 

human needs of safe food products will be connected to the drying of pineapples with a solar 

dryer .The production of pineapples in Ghana needs  to be improved in order to create a more 

sustainable fruit sector with lower wastes.  

1.2.1 Implementing projects for creating sustainable development 

Men and women have different opinions on what constitutes their well-being. In the rural 

areas there are some aspects in life in which men and women have clearly different interests. 

These aspects include things such as alcohol, playing card games and the family's economic 

situation. They are of interest to this project since women rank economic activities higher than 

men. Women also value petty trading as the most important factor of well-being. Men see 

petty trading as a “woman’s activity” and do not want to engage themselves in it (Arku et al. 

2007). Women can therefore in general be more suitable for drying pineapples and selling, 

since the money might be care for better by women than men because of cultural differences.  

Helping entrepreneurs with development projects for earning money by themselves can create 

job opportunities even for illiterate people. Barefoot college is one successful organization 

that has helped people, especially women, since 1972. They work with incubating ideas in 

rural areas, and give support so that these ideas are realized. The ideas come from the people 

themselves and they are the ones implementing the ideas into reality. The idea of Barefoot 

College is that the true engineers and entrepreneurs can be found in rural areas (Barefoot 

College).  

As a friend of mine once said “Don't give a fish to the poor, give him a fishing rod instead”. 

Sometimes it is that easy. By creating a way where poor people can earn money themselves 

through work, the charity can be kept going longer without reinvesting more money later. 

Giving away the tools, in this case the dryer and how the dryer works, will help more than 

giving away some dried pineapple slices. Furthermore, it is necessary to implement this 

project by drying pineapples together, and to show how to maintain and use the dryer. 

A government in a developing country might avoid investing in projects since money will 

probably come from charity and therefore the government can save money (British 

Broadcasting Company 2012). Therefore, developing countries become dependent on other 

countries and organizations that want to support projects in developing countries.  

1.2.2 Creating safe and sustainable food products 

In 2006 there were eleven thousand hectares of pineapple farms in Ghana, which yielded 66 

tons of produce (World Bank, Republic of Ghana 2008). The challenge of meeting the 

growing needs of food in Africa is discussed in the quotation below. 
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In Africa, the task is particularly challenging given the recent declining per capita 

food production and the current constraints on growth… But increased food 

production should not be based on ecologically unsound production policies and 

compromise long-term prospects for food security. (WCED 1987, no 45) 

In developing countries interest has increased in creating safe and quality-assured food. The 

food needs to be nutritional and safe from microbiological growth (Pardo & Zufía 2011). 

Drying is a way to conserve fruits and prolong its life. Eating fresh fruit is better than 

processed, because it contains more vitamins and important fibers that are often lost when 

processing the fruit. What is lost depends on the way it has been processed (Choudhary & 

Mehta 2010). In general, vitamin retention is high except when it comes to vitamin C that can 

largely be destroyed when the product is heated (Rahman & Perera 2007). Pineapples are 

nutritional fruit that consist of important vitamins such as vitamin C and other nutrients such 

as calcium, phosphorus, iron, potassium, and thiamine (Choudhary & Mehta 2010). 

Microbiological growth and deteriorative chemical reactions are avoided when preserving 

food products. Drying can reduce the water activity of a product but does not result in a sterile 

product. Drying in high temperature is advantageous for reducing the activity of 

microorganism and preventing spoilage during drying. If the product is dried at too high of a 

temperature, part of the volume becomes enclosed so that the moisture on the inside cannot be 

removed; this phenomena is called case hardening. Since browning increases with time and 

temperature, it is important not to dry at too low or too high of a temperature. Drying takes a 

longer time at a low temperature, and a temperature that is too high can make the product look 

bad, making it difficult to sell at the market. Finding an optimal temperature-range is 

therefore essential (Rahman & Perera 2007). 

A problem in food-processing is the high amount of energy consumed when thermally drying 

food (Pardo & Zufía 2011). To create safe food products that do not need electricity, solar 

drying is a good alternative. 

The market for dried fruit products is growing in developing countries. The demand for dried 

products that are free from microbacterial growth is increasing. The use of dried products is 

common, because they can be used in the food processing industry or consumed directly 

(Agona et al. 2002). Drying fruit products can eliminate poverty and lead to a more 

sustainable development; therefore paragraph 33 in “Our common future” is interesting. 

… if developing nations focus their efforts upon eliminating poverty and satisfying essential 

human needs, then domestic demand will increase for both agricultural products and 

manufactured goods and some services. Hence the very logic of sustainable development 

implies an internal stimulus to Third World growth. (WCED 1987, no 33)  

In Uganda were solar drying of fruit is more common and the market sector for dried fruit 

produces 90 million ton of dried fruit each year, the producers can only satisfy 10-20 percent 

of the market abroad. Different types of dryers are used but there are still only a few dryers. 

Processing the fruits can increase the economic value of the fruits and prolong the durability 

(Agona et al. 2002). 
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Solar drying of food products is necessary for creating safe, good quality food with only small 

investment costs and operating expenses. It is important to know how to process and package 

the food to ensure good quality, especially if the product is destined to be exported. If the 

product is organic or fair trade, it might be easier to sell on the international market. 

Certification is expensive for producers with low incomes. It is probably not so easy to start 

with. To enter the European market, pineapple farms needs to be larger than one hectare 

because investment and service costs are high (Agona et al. 2002) (World Bank, Republic of 

Ghana 2008).  

When it comes to exporting dried fruits, there are no restrictions for entering the market. 

Since Ghana is a member of World Trade Organization (WTO), the international food 

standards established by the Codex Allimentarius Commission, need to be followed. (Agona 

et al. 2002) (World Trade Organization 2012). 

1.2.3 Ghana’s history of pineapple farming 

The export of pineapple from Ghana started around 1985. The export was only by air in the 

beginning. Since there were only a few flights between Accra and Europe each week, only 

small amounts of pineapple were exported. In the 90’s, the time it took for sea transport was 

reduced from 21 days to 12 days. This resulted in less waste and an ability to earn more on the 

open market. Exports increased. Eventually, ships started to export pineapples with cold 

storage facilities, keeping the pineapples fresh longer (Weinstein 2011).  

In 1996, Del Monte came with a new variety of pineapple, MD2. The MD2 variety started to 

be produced in Costa Rica (Danielou & Ravry 2005). Until 2003 the export market in Ghana 

remained strong. Then, the European market started to ask for the MD2 variety. Some farmers 

in Ghana switched to the MD2, which was a bad choice since the MD2 variety is more 

difficult to cultivate in Ghana. Since then Ghana’s export of pineapples has gone down and 

not recovered (Weinstein 2011). 

1.2.4 Pineapple farming in Edumafa 

In Edumafa, a small village in Ghana, the villagers have a large pineapple production. The 

production could increase by using a good post-harvest process; the pineapples could be 

stored for a longer period of time, and sold or used as food after the harvest time (Bogojevic 

& Svenneling 2011). Drying pineapples is a way of preserving the pineapples and therefore it 

is easier to distribute the pineapples for selling in other places. 

According to a study in the coastal savannah zone in which the district Edumafa is located, 

the three major losses of pineapples that were observed were because of diseases and vermin, 

over-ripening of fruits, and pineapples that were squashed, bruised, or that had cut wounds 

(wounds that can arise during harvesting) (Larnuel 2003).  

Several reasons for the fruit losses can be eliminated through drying. Many problems emerge 

because farmers handle the fruits in the wrong way, or have a lack of storage facilities. If the 

farmers had access to storage facilities it would be easier to not get burned pineapples (when 

pineapples are stored in the sun) and to not overload head pans (used for carrying things on 

the head). This would also allow the producers to pack their fruits in the shade (Larnuel 



6 

 

2003). Fruit maturity is often determined by looking at the pineapples' color (Mensah 1999). 

This creates losses that can be avoided through drying before the pineapples become wastes. 

Traders often take advantage of the farmers’ need to sell their pineapples. In a study by Agbesi 

Sakpleka (2007) 60 farmers were interviewed and 52 percent of the farmers were dissatisfied 

with the price that traders offered. 28 percent of the farmers said that they were moderately 

satisfied, and 20 percent said that they were satisfied with the price traders offered them. 

Sometimes there were confrontations that ended with the framers refusing to sell their 

pineapples. The prices also differed because of market fluctuations (Agbesi Sakpleka 2007). 

Local supply and demand often controls the price and crop value. In the areas with great 

pineapple production, the competition on the market is bigger. There are several factors that 

need to be considered when transporting fruits outside the local market, such as marketing 

organizations, how to transport, processing capacity etc. Marketing costs are high, which 

makes it difficult for small farmers that have a low income to transport pineapples outside the 

local market. It is also important that the fruit can be delivered in a satisfactory condition so 

that fruit losses are reduced which needs some kind of cold storage or processing the fruits 

(Mensah 1999). Transporting pineapples to the market in rural areas in the Mfantseman 

district are primary by head pans. Commercial vehicles are also used by some pineapple 

farmers (Agbesi Sakpleka 2007). 

1.3 Aim 

Drying pineapples is a way to preserve pineapples before they get overripe and to minimize 

wastes. Using a dryer that only has the sun as an energy source is probably the best option 

from an environmental perspective, since no fuel or electricity is needed. The dried pineapples 

can be stored before selling them at the local market or distributed to other parts of Ghana. 

Inhabitants in Edumafa can dry the pineapples themselves and earn extra money for living. 

By using easily accessible materials in Ghana, a simple manageable dryer is to be constructed. 

For developing a dryer, a prototype is advantageous to easier understand how to build. 

Temperature tests of the dryer are good for easily making modifications of the dryer, until the 

right temperatures can be achieved. Using a fan for creating a larger air flow should be 

avoided since the power supply system is unreliable and in some places in rural areas, 

unavailable. 

An understanding of when the pineapples have been dried enough and have good quality is, 

necessary. When only a few measurements are accessible it is still possible to have a good 

understanding of when the pineapple slices have reached end point of drying. Tests of drying 

pineapples are needed to evaluate the slices stickiness, texture, structural changes, color, and 

taste when they had reach that end point. 

It is interesting to know what the capacity of the dryer is. Therefore it is a good idea to do 

tests with more than one shelf. Closer to the solar collector of the dryer, the temperature is 

probably higher. This might affect the drying time for the pineapples on the lower shelf. 
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The citizens in Edumafa need to feel that the dryer belongs to them. Then the dryer will be 

used and kept in good condition. For that vision to come true, they need to be able to actually 

dry the pineapples themselves. Drying pineapples will be done together with them until they 

learn to do it on their own. 

In this project a dryer powered by solar energy for drying pineapples is to be developed, 

constructed, tested and implemented. The dryer is implemented in the village Edumafa in 

Ghana.  The citizens in Edumafa needs to take own initiative to dry in the dryer to make this 

work. Knowledge about the dryer; how to use it and maintain it in good condition, is 

necessary. For the citizens to know how to dry, practical experience is needed.  

1.5 Drying technology 

Knowledge about drying technology is necessary to understand the results from drying with 

pineapples. The drying of pineapples, following a schematic drying curve; the curve is the 

same for all hygroscopic materials. Hygroscopic materials contain water, and they also behave 

differently during drying due to their moisture content. The moisture content for a 

hygroscopic material on a wet basis (wb) can be calculated with equation (1) (Renström 

2004). The dry matter (mdry matter in the equation) for a material is when the material is 

completely dry and therefore contains no water. In this study the mass is calculated in grams; 

with mH2O as the mass of both the water inside the material and the material itself. Moisture 

content is in percent since it is a comparison between the material and the amounts of water 

inside it.  

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡, 𝑤𝑏 =
𝑚𝐻2𝑂

𝑚𝐻2𝑂+𝑚𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟
     (1) 

In hygroscopic materials water can be free in cavity or bound in the cell walls. Free water can 

be removed by evaporation or vaporization. The vapor pressure is equal between the surface 

of the material and the surrounding air during evaporation. During vaporization the moisture 

is removed by convection (Renström 2004).  

The drying characteristics of a hygroscopic material follow the rate-of-drying curve during 

constant drying conditions, see figure 2. This curve is not precise and in reality it can be 

difficult to see the different drying stages (Mujumdar 2006). The first drying stage can be 

difficult to observe because of the pineapples high moisture content in the beginning.  
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Figure 2 The rate-of-drying curve for hygroscopic materials. (Mujumdar 2006) 

In the first drying stage, the drying rate is constant and the temperature is constant, if the 

energy input from the energy source is constant. Capillary forces transport the moisture inside 

the solid to the surface. In the end of the first drying stage the surface film evaporates, and 

dried spots start to appear. The surface film is a small layer of water on the hygroscopic 

material that exists as long as the material contains free water inside the cell walls (Renström 

2004) (Mujumdar 2006). 

The drying rate falls when entering the second drying stage and the temperature rises. The 

surface films evaporate completely before entering the third and last drying stage where the 

surface is dry (Renström 2004). 

The drying process can be described with two external and two internal forces consisting of 

temperature depending heat transport and diffusivity depending mass transport. Heat transport 

and mass transport in the form of water, occurs simultaneously during the drying process. 

Shrinking occurs during drying (Renström 2004).  

In this study the slices are considered dried when they are at the end point of drying; around 

12 percent of its original weight, depending on when the desired quality has been reached. 

The quality is evaluated by looking at its color and structural changes, and sensing the 

stickiness and texture, aspects which all affect the taste (Rahman & Perera 2007). 
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2. Method 

2.1 Prototype 

A prototype of the dryer was made in Karlstad, Sweden at the university workshop. The 

prototype was made in order to determine which tools and materials that were going to be 

needed in Ghana and how to construct the dryer. Some materials might have been difficult to 

access in Ghana, making it more difficult to construct the dryer. Building a prototype gives 

practical experience in constructing solar dryers. 

Ivana Bogojevic has made a literature review about different types of solar dryers and from 

that review one model of solar dryer has been developed. In the computer program COMSOL, 

a model of the dryer has been made for simulating how the dryer can be improved (Bogojevic 

2012).  

The dryer is constructed in two main parts: a solar collector and a drying chamber. The solar 

collector has a heat storage consisting of concrete stones. On top of the heat storage is a metal 

sheet. The radiation from the sun goes through a glass sheet and heats up the metal sheet. The 

metal sheet heats up the air, and by natural convection the air goes into the drying chamber. 

The length of the collector in the prototype was 0.5 m. The prototype was made shorter than 

the dryer made at Cape Coast, because it was easier to construct it that way. For other 

dimensions of the dryer see table 1. 

Table 1 Dimensions of prototype. 

Part of dryer 
Dimensions in m 
(width x length x height) 

Solar collector 0.5 * 0.5 * 0.31 

Air duct 0.5 * 0.5 * 0.2 

Drying chamber 0.5 * 0.5 * 0.5 

 

The solar collector and the drying chamber were made as two different parts. In the prototype 

there was a gap between the collector and the drying chamber. This gap made it difficult to 

keep the collector and drying chamber fitted tightly together. In future constructions; the solar 

collector part extends into the end of the chamber and the chamber is built on top of the end of 

the collector. 

Perforated strips, see figure 3, were used to keep different parts together. The perforated strips 

were also used in the dryer constructed in Ghana. 
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Figure 3 The perforated strips. 

Different solutions to how the door should be attached to the chamber of the dryer were 

discussed with workers at the university workshop. The solution that was chosen consisted of 

two hinges on one side and a simple lock on the other side to keep the door closed. 

The finished prototype was built without roof, metal sheet, and glass sheet, see figure 4, since 

those parts probably will be easier to construct. 

 

Figure 4 The finished prototype. 

2.2 Drying tests of pineapples in the lab 

To understand and determine when the pineapple slices are at the end point of the drying 

process, drying tests have been carried out in Sweden.  

First the pineapples were cut in slices of 5 mm (±1.5 mm). The slices were carefully cut in 

halves and the hard core was cut off as circularly as possible. With a scale that measured with 

two decimals’ accuracy, each pineapple slice was weighed before being placed into an oven. 

The slices were laid on a metal sheet with small holes, see figure 5. The scale was cleaned 

after each weighing.  In the second test tweezers were used when weighing the slices too 

avoid contamination from fingers. 
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Figure 5 The metal sheet the pineapples were laid on. 

The temperature in the oven was 70°C ± 5°C in the first test and 50°C ± 5°C in the second. 

In the first test the pineapple slices were checked for the first time 2.5 hours after the slices 

were put into the oven. Very damp slices were left in the oven for 30-60 minutes extra before 

checking the slices again. At every check some of the slices were weighed. If the slices were 

dry or starting to get dry, one of the pieces was weighed. 

Ventilation began after 6.5 hours by opening the door of the oven. During ventilation the door 

was opened for approximately 1-2 minutes every 15 minutes, this was done for 3 hours. 

In Ghana there was no opportunity to do a final drying at 103°C and therefore, the dry matter 

of the slices needed to be decided in Karlstad. With help of the dry matter, the moisture 

content can be calculated. It is therefore necessary to know the dry matter of each slice. 

The slices were dried for the last time at 103°C for 5 hours until the slices were completely 

dried. The dry matter was then given and moisture content was calculated, wb. 

Using the statistics from drying at 50°C in Sweden, a table of the initial weight (before drying 

starts; including the moisture content and the dry matter of the slices) and the final weight 

(only dry matter) was made in order to make a graph from which a linear equation was 

approximated. This resulted in a linear equation (2) that can be rearranged to equation (3). It 

also resulted in the diagram shown in figure 6. The equation was used to determine the 

moisture content during the drying process for each pineapple slice in all the drying tests that 

were made. The equation gave an initial moisture content of around 87 percent when the 

grams of each slice in the beginning amounted to 𝑚𝑠𝑡𝑎𝑟𝑡 (from weighing with a scale). The 

initial moisture content of the samples sometimes differed from 87 percent because 

calculations were carried out on each slice separately. The moisture content of the slices was 

calculated at different times after drying had started. The weight at a certain point during 

drying was 𝑚𝑠𝑡𝑎𝑟𝑡 in equation 3, and thereafter the moisture content was calculated by 

equation (1) were 𝑚𝑠𝑡𝑎𝑟𝑡 = 𝑚𝐻2𝑂 at that point of time. 

 𝑚𝑠𝑡𝑎𝑟𝑡  =  6.8953 ∗ 𝑚𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟  +  2.551   (2) 

𝑚𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 =
𝑚𝑠𝑡𝑎𝑟𝑡−2.551

6.8953
    (3) 
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Figure 6 Results from the weight comparison between the slices’ weight at start (before drying starts to occur) and end 

(completely dried slices). 

2.4 Solar dryer 

After the test construction in Sweden, tools were collected for transport to Ghana. Since glass 

sheets might be difficult to access in Ghana and glass is sensitive for vibrations, plexiglass 

was chosen and transported to Ghana. Also two hinges and a lock for the door were 

transported from Sweden. 

In Ghana, material was collected to the construction of the dryer. The material collected was a 

metal sheet in steel (often used on roofs), black oil paint, two brushes, two thick plywood 

boards, wood for supporting the dryer (cut in different sizes for supporting the front and the 

back of the dryer), metal netting, and a mosquito net. 

The dryer was built by carpenter Emmanuel Dadizi. Figure 7 shows a sketch of the dryer.  The 

metal sheet was painted black to absorb the radiation from the sun better. After the materials 

had been collected, the chamber of the dryer was built. A plane was used for creating smooth 

surfaces for fitting the plywood pieces tightly together. 
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Figure 7 A sketch of the dryer with explanatory posts. 

On the rear side of the dryer a door was made with a height of 0.3 m and a width of 0.5 m. 

The door was placed 0.05 m from the edge of the roof. 

A gap of 0.2 m was left between the glass and the metal sheet to create the air duct. The 

plywood was 20 mm thick. The chimney was made from the metal sheet by hammering the 

sheet into a cylindrical shape. The chimney was 1.20 m long and had a diameter of 0.1 m. 

Additional measurements can be found in table 2.  

Table 2 Dimensions of the dryer. 

  
Dimensions in m 
(width x length x height/thickness) 

Solar collector 0.5 * 2.1 * 0.31 

Plexiglass 0.5 * 0.5 * 0.005 (4 sheets) 

Air duct 0.5 * 2.1 * 0.2 

Metal sheet 0.5 * 2.6 * 0.005 

Heat storage 0.5 * 2.6 * 0.1 

Drying chamber 0.5 * 0.5 * 0.5 

Wood support front 0.06 * 0.045 * 0.15 

Wood support back 0.06 * 0.045 * 1.4 

 

The trickiest part was probably connecting the chimney to the drying chamber. A circular hole 

with a diameter of 0.1 m was cut with a chisel in two pieces of plywood, see figure 8. One of 

the plywood boards was later used as a roof for the dryer. The other board was for keeping the 

chimney in right place, see figure 9. 
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Figure 8 and 9. To the left: Dadizi cutting a hole for the chimney. To the right: how the chimney (painted in black) was 

placed on the roof (by using two pieces of plywood). 

Concrete stones made up the heat storage in the bottom of the collector and the heat storage 

extended under the drying chamber. Over the heat storage a metal sheet was placed. 

The temperature test and drying of pineapples was made in Kwaprow, University of Cape 

Coast, Ghana. 

The first three tests of the dryer were made without pineapples to determine if appropriate 

temperatures could be achieved in the dryer. Appropriate temperatures are between 40-60°C.  

The temperature was checked every hour from 9 am to 18 pm and this period of time is also 

called sunshine hours. The collector was turned to the east and the weather was sunny and 

clear. The temperature was measured in the ambient air, at the end of the solar collector, and 

in the middle of the drying chamber. The temperature sensor “Testo 925” was used in all tests. 

The temperature in the middle of the chamber was measured. In the solar collector, the 

temperature was measured at the edge of the solar collector, before the air goes into the 

chamber. The temperature outside was measured in the ambient air, close to the dryer. 

Before starting the second temperature test, narrow openings on the outside of the chamber 

were taped, and the inside of the collector were painted black. Insulation under the collector 

and chamber were put in place. The insulation was of polystyrene in the dimensions 

0.02*0.5*2 m (thickness, width, length). The dryer was placed in a southerly direction. 

During the second test the weather was sunny and clear. 

The outside of the dryer was painted black, since black color absorbs heat and paint prolongs 

the durability of the wood, see figure 10. Mosquito net was attached to the inlet of the duct 

and the inlet of the chimney (on the inside of the drying chamber). The wood support was 

shortened to 0.9 m. The air duct were reduced from 0.2 to 0.1 m in height (by placing the 

metal sheet higher) and the heat storage increased to 0.2 m in height before the third test of 

the dryer (without pineapples). 
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Figure 10 The dryer after being painted in black and Dadizi, the carpenter who helped us construct the dryer. 

The dryer was tested with pineapples after the temperature test was finished. Equipment that 

was used were a simple scale for weighing the pineapple slices, the same type of temperature 

sensor as in the temperature tests of the dryer, and a hygrometer (psychrometer) for measuring 

the humidity in the air. By moistening the sock on the hygrometer and rotating the hygrometer 

around several revolutions, the wet temperature was given and humidity was determined by 

Mollier diagram. The scale that was used in Ghana was “Furi FEJ- 2000B” and measured the 

weight in grams without any decimals. The temperature was measured with the three sensors 

in the same place as in the temperature tests.   

The humidity in the air was measured three times during the drying period; the first time one 

hour after the pineapples had been laid into the chamber to dry during the first day of drying, 

the second was in the end of the first day and the third time was one hour after the pineapples 

had started to dry in the second day of drying. 

In the first test of drying there were 14 slices and the heaviest slice weighed 30 g and the 

lightest weighed 10 g. The hard core was cut out using a circular and sharp object made by 

perforated strips. The sizes of the slices were from 0.2-1 cm each and the sizes were noted.  

Some of the slices were uneven which made it difficult to determine the thickness of the 

pineapples. The slices were weighed every second hour. The slices were laid in the dryer 

when the temperature in the chamber was over 40°C and the sun had risen. 

During the drying test in the dryer, the temperature was measured from in the morning when 

the sun had risen and the temperature in the dryer was over 40°C, to the evening when the sun 

went down. This is called sunshine hours. 

The pineapples were laid on a shelf 0.34 m up from the solar collectors end (were the solar 

collector meets the chamber). The shelf consisted of a metal net with a mesh of 0.005*0.005 

m. 

In the second drying, two shelves of pineapple were used (with the same type of mesh). The 

higher shelf was at the same height as in the first test. The lower shelf was 0.2 m up from the 

solar collectors end. There were 16 slices of pineapples on each shelf. The slices were uneven 
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and the sizes of them were never checked since the interesting thing with this test was to see 

the capacity of the dryer and if the drying rate is higher on the lower shelf. The temperature 

was taken every hour and the slices were weighted before the slices started to dry and at the 

end of day one and two. 

After the second drying test with pineapples the dryer was moved to Edumafa. Before moving 

the dryer to Edumafa, the chimney was shortened to make the transport easier. The new height 

of the chimney was 0.2 m. 

The metal shelf that the slices were laying on started to corrode. Other types of shelf were 

therefore discussed and searched for. At the Mankessim market plastic shelves was searched 

for but it was difficult to find any that met the criteria. The shelves needed to be in right sizes, 

in a non-corroding material, and have a mesh on the net that suits the pineapples. No shelf 

was found that fitted those criteria. Making a frame in wood and putting fishing net on it 

would be a good solution if it worked, since Edumafa is a fishing village. A frame in wood 

was built but it was too unstable. A second frame was built with perforated strips in the edges 

to stabilize the frame. In consequence the wooden frame needed to be wider, which made it 

even more difficult to use it on the lower shelf level, since that level is lower than the door. 

The shelves can therefore either be placed higher up or be made differently by the citizens. 

They can try by themselves to come up with ideas on how to solve this problem.  

2.7 Implementing  

During a meeting with Joyce Addo, Dr. Owusu Boampong, Patrick Osei-Kufour, Prof. John 

Victor Mensah and Joyce Artee from development studies at University of Cape Coast (UCC), 

the department decided to help with this project if it was necessary. After a presentation of this 

project to students and staff at UCC, students gave some advice. One student answered later 

in an email that it was good to make the citizens in Edumafa feel that the dryer is theirs, and 

that a committee with a chairperson would be a good idea. Then there would be somebody 

that is responsible for taking care of and managing the dryer. 

In Edumafa a group has been created with people interested in drying pineapples. Together 

with the drying group, the dryer was put on top of four stones for keeping the water away 

from the stables. The stones, metal sheet and glass sheet were put in place and cleaned with 

water.   

Instructions on how the dryer works and how to take care of it were made. An easy manual 

was created to explain the function of the dryer in pictures. Information about how to take 

care of and use the dryer was written down in both English and Fante (the local language). 

Drying together with the people is significant for the drying group, see figure 11.  It makes it 

easier for them to use the dryer and understand it. The temperature was not taken and only 

one shelf was used. The drying group placed the pineapple slices denser, and used more and 

smaller pineapple slices. 

http://blog.ucc.edu.gh/jaddo/
http://blog.ucc.edu.gh/jaddo/
http://blog.ucc.edu.gh/jmensah/
http://blog.ucc.edu.gh/jmensah/
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Figure 11 Preparing for drying together with the citizens in Edumafa. 

After the dryer had been introduced and the manual shown, several people tried to explain 

how the dryer worked to other people. It seemed like they understood it, at least on a basic 

level. Probably they do not know much about heat transport and drying, but this might 

increase their knowledge in those areas a little bit, and widen their practical knowledge about 

drying pineapples. 

A meeting with everyone in the group is necessary for looking at ideas for future possibilities 

of the dryer and drying fruits. During that meeting the Honorable William Amoah translated 

between the local language Fante and English. Separately interviews with everyone were 

planned, but since they were many people and because it would take too long, the questions 

were therefore asked to everyone in the same time. The group discussed the answers with 

each other before the Honorable Amoah translated it into English. The two first questions in 

the interview were to get basic understandings about the conditions of the drying group. 

The questions asked were the following: 

 What are you doing for a living? 

 What level of education do you have? 

 What are the possibilities of selling the dried pineapples in the local market/ other 

parts of Ghana (Northern)/abroad? 

 At what time during the day do you have time to dry pineapples? 

 When do you harvesting the pineapples? 

 At what price do you think it is possible to sell one dried pineapple? 

 What kinds of buyers are you selling to? 

 Do you think it is useful to preserve pineapples? 
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 How is the money being earned from this to be used? 

 How many hectares of land is the pineapple farm? 
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3. Results 

3.1 Drying tests of pineapples in the lab 

After drying in 70°C for 2.5 hours the pineapples were still very damp. Some of the 

pineapples started to be lightly brown at the edges. At that time there was no need to weigh 

the slices. 

After 3 hours the slices were fairly damp. One piece was taken out and weighed. After 3.5 

hours the slices were still fairly damp. After 4 hours the slices begun to feel sticky on the 

surface but were still damp on the inside. After 5 hours the slices were dry on the outside and 

damp on the inside. The slices had become case hardened (the moisture on the inside could 

not be removed), see figure 10, because of that the drying was stopped. 

 

Figure 10 Pineapple slices dried at 70°C for 5 hours. The slices got case hardening and the edges were a little brown. 

When drying in 50°C the slices did not become case hardened but it took longer time to dry. 

Probably it took longer time to dry the pineapples because of inadequate ventilation in the 

oven and the lower temperature. The slices on the second metal sheet became discolored 

because of corrosion. After 23.43 hours (23 hours and 26 minutes) the 0.5 cm thick pieces 

started to be brownish at the edges. The pineapples looked light yellow and pale, see picture 

11. The slices are supposed to feel a little bit sticky when they are ready to be eaten and these 

did.   

 

Figure 11 Pineapple slices dried in 50°C for 23.43 hours with a moisture content of 10 percent. The slices were pale. At the 

edges the slices were light brown. 

The taste sample was acidulous and only a little bit sweet. The pineapple was acidulous even 

before the drying tests were started. The slices felt as if there were a lot of fiber inside and “al 

dente”.  
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Results from calculating the dry matter after drying the slices in oven at 103°C, see table 3. 

Piece number 7 and 8 were used as taste samples, so no results of dry matter were given from 

those pieces. 

Table 3 The weight of each slice before drying starts, when the slices are completely dried (dry matter) and the moisture 

content, wb, after being dried. 

Pineapple 
piece number 

Start weight 
(g) 

End weight 
(g) 

Moisture content, 
wb (percent, %) 

1 12,5 1,3 10% 

2 11,7 1,3 10% 

3 14,4 1,9 11% 

4 14,4 2,0 13% 

5 16,4 2,2 11% 

6 9,4 0,8 17% 

9 19,4 2,8 18% 

10 17,5 2,6 13% 

11 14,6 2,0 12% 

12 9,9 1,4 10% 

13 18,8 2,1 13% 

14 19,0 2,3 14% 

15 27,0 3,4 24% 

16 27,7 3,4 32% 

17 17,9 1,9 16% 

18 22,5 2,4 42% 

 

In figure 12 the fall of the moisture content during the drying period is revealed for the 

pineapple slices, except slice number 6-9, 12, 15, 16, and 18.  Those slices were not dry 

enough in the end or did not look good in the end or were used as taste samples. 

 

Figure 12 The moisture content from beginning to end for the pineapple slice that was of good quality and reached the end 

point of drying. 
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Pineapple slice number 11 was excellent in the end because it had a good consistency, color 

and stickiness. That slice had also been weighed more times than the others. Therefore this 

slice is used as an example of how the drying rate of the slices were in the oven and how the 

moisture content changes with time, see a more detailed view in figure 13.  

 

Figure 13 The moisture content from beginning to end point of drying for pineapple slice number 11. 

Between the 1
st
 and the 6

th
 hour, the drying rate of the pineapples was slow. Between the 6

th
 

hour and 11
th

 hour the pineapples the drying rate accelerate since the derivate increases. After 

the 11
th

 hour the drying rate slowed down again. Looking back at figure 3, the moisture 

content curve differs somewhat because of few measurement points. In both figure 13 and 14 

the curves does not follow the rate-of-drying curve in figure 2. 

3.2 Solar dryer 

A functional solar dryer for pineapples has been designed, constructed, and tested, without 

using a fan for creating a greater air flow or external back-up heat. The dryer works fine in 

good weather using only the sun as an energy source, and there is no need to use a fan. Tests 

and modifications have been made for improving the dryer. 

In figure 14 the results from the first test of the dryer in Ghana without pineapples are 

presented. Even if the weather was sunny all day, the sun only hit the solar collector in the 

morning, since the dryer was placed in an easterly direction. 
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Figure 14 How the temperature varied in the first test of the dryer in the collector, chamber and the temperature outside in 

the ambient air. 

The temperature outside in the ambient air was around 30°C in all three tests. Therefore the 

results from the outside temperature are not given in detail for the second and third test. In the 

second and third test the sun hit the solar collector better since the collector was placed in a 

southerly direction. 

How the temperature varies in the collector in all three temperature tests, is shown in figure 

15. 

 

Figure 15 The temperature in the collector in the three temperature tests. 

From the first test the temperature was generally lower, except early in the morning when the 

sun probably hit the collector better. The difference between the second and third temperature 

test was small. The weather was cloudy from the 5
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 sunshine hour in the third test. 
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Figure 16 The temperature in the chamber in the three temperature tests. 

The temperature in the chamber in the third test was a few degrees higher in general, 

compared to the second test, see figure 16. But in the collector the temperature were generally 

lower, see figure 15. This means that the adjustments between the second and third test had 

some effect on the temperature but it was difficult to determine which test showed the best 

result. The temperature at the end of the day was lower with larger energy storage than with a 

smaller one. 

From the first and second drying of pineapples; the dried pineapples were sticky and of good 

quality. Some pineapple pieces reached end point of drying before other slices and therefore 

were taken out from the chamber earlier. In all drying tests with pineapples that were done, 

the humidity in the air was about 80 percent. 

The results from the first drying are shown in table 4 and figure 18-21.  

 

Figure 18 Pineapples in the 16th hour from the first drying of pineapples in the dryer.  
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Since temperature and weather affects the drying curve, a comparison between table 4 and 

figure 20 is necessary.  At the 8
th

 sunshine hour the night starts. Therefore the temperature 

drops until the sun goes up in the morning the next day. The temperature is highest around 

sunshine hour 2-4 and 12-14 (approximately 12 and 14 o’clock each day).  

Table 4 Weather and temperature in the collector, chamber and outside at different hours and days. 

Time 

Sun 
hour Day Comments 

09:50 0 1 Cloudy weather 

10:50 1   Cloudy weather 

11:50 2   Lightly clouds 

12:50 3   
Only measure temperature and 
humidity 

13:50 4     

14:50 5   Only measure temperature 

15:50 6   Pineapples starting to get sticky 

16:50 7   Only measure temperature. Cloudy 

17:50 8     

        

08:50 9 2 No sun. Only measure temperature 

09:50 10   Sun cloudy 

10:50 11   
Almost no sun. Only measure 
temperature 

11:50 12   Sun, cloudy 

12:50 13   Sun. Only measure temperature 

13:50 14   Sun 

14:50 15   Sun. Only measure temperature 

15:50 16   Sun, cloudy 

16:50 17   Sun, cloudy. Only measure temperature 

17:50 18   Sun, cloudy 
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Figure 19 How temperature varies during drying in the chamber and collector. 

 

Figure 20 Drying rate development during two sunny days. 

In figure 20 the drying rate slows down in the 8
th

 hour when the temperature falls, see figure 

19, because of the night. Since the curve is based on the mean values of the weight loss of the 

slices, the curve starts at the second sunshine hour. For example: comparing the start value 

with the second hours value gives a mean value for the drying rate between the start value and 

second, which is showed as a value in the graph on the second hour. It is difficult to see the 

curve following different stages as in the drying curve in figure 2. The first stage of drying 

continues until the 4
th

 hour. The Second drying stage probably continues until somewhere 

between the 12
th

 and 14
th

 hour. This is difficult to see because of the night but the derivative 

flattens in figure 20 at the same time as temperature rises in figure 19 because of the sun. 

At the 12
th

 hour the drying rate slows down, see figure 21.  The pineapples got closer to the 

end point of drying and therefore entered the third drying stage. 
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Figure 21 How the moisture content in the pineapple slices drop during the first drying of the pineapples.  

In figure 22 the results from drying with two shelves are presented. The lower shelf is closer 

to the collector where the temperature is higher, therefore the drying rate is faster on the lower 

shelf and thus it has lower moisture content.  

 

Figure 22 Drying of pineapples on two shelves.  

3.3 Implementing 

Constructing the dryer together with the citizens in Edumafa would have been more difficult 

to do, but it would be easier for them because then they would know how to do it if they want 

more dryers.  It would also be easier for them to feel that the dryer is theirs.  

During the time in Edumafa no one has taken initiative to dry pineapples in the dryer. This 

might depend on modifications needed on shelves and that the rainy season started.  
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The questions that were asked at the group meeting were written down in an English 

summary. The summary was copied and given to everyone in the group so they would have a 

chance to proofread it. Since the meeting was on my last day in Edumafa, I did not have the 

chance to see the Honorable William Amoah give it to the people. Below is the written 

summary that the group meeting resulted in (with a few modifications to make the text better). 

Everyone in the village helps each other with fishing, trading, and farming. Therefore everyone 

knows how to fish, cultivate the land, and trade. Nobody is employed, but in the future the 

leaders in Edumafa hope that the opportunity will come to create employment for the people. 

Therefore this dryer is good because they hope it can contribute to more money, so that more 

children can afford to go to school. 

30-40 years ago almost nobody had the opportunity to go to school. The village was poor and 

there were long distances to the schools. Now they can offer primary school in the village, but 

still many people cannot afford to let their children go to school. Sometimes the children need to 

help with fishing in the village, so they cannot attend school. After a while it is difficult for them 

to go back to school again. 

Any time during the day it is possible to harvest and dry pineapples. The group will try to find a 

market. Since this is a new kind of product in Ghana it is difficult to know which people would 

want to buy and where they are. The group needs to find customers and find an avenue for this 

product. It also depends on the durability of the dried pineapples. 

The dried slices are in the beginning being sold at the same price as fresh pineapples. It will 

differ somewhat because the price of pineapples differ on the market. The slices will be put in 

small bags, like the ones that are used for selling dried plantain in. The drying group does not 

know what the product is worth yet; that depends on the ability to sell it at fixed prices. 

The citizens will first start by selling the dried pineapple slices at the local market, at the same 

time as other products are being sold, with the head pans. Sometimes the citizens sell along the 

road and sometimes they go to Mankessim market and sell there. 

The people in the drying group understand why it is useful to dry. Many pineapples are being 

destroyed before they are able to sell them. In the end the farmers earn less. Drying can help 

people to be able to afford their children's education. 

If this is successful and the ability to earn money is good enough, a fund can be created to invest 

for constructing more dryers. Otherwise, the earnings will go to the people who dry and sell. 

It is impossible to count how many hectares of land the pineapple farm consists of. The 

pineapples grow everywhere. Some people have them in their gardens, some grow along the 

roads, and some grow on the hills etc. There are enough of pineapples to harvest the whole year 

round. 

The drying group (figure 23) also said that if a big dryer is going to be built here (for 

expanding to a much bigger production), the investment needs to come from others abroad.  

From an economic viewpoint, this type of dryer might be too expensive for them to invest in. 
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Figure 23 The drying group after the interview.  
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4. Discussions 

4.1 Prototype 

The prototype was not complete because the roof, door, and chimney were never built. 

Constructing a complete prototype would have taken more time. There was no time to finish it 

before traveling to Ghana.  This probably affected the building of the dryer in Ghana very 

little, since most of the problems were solved and discussed before going to Ghana. Only 

small problems that were easy to fix arose because of uncompleted prototype. These problems 

could the carpenter and I solve together.  

Pictures from the prototype were useful when building in Ghana. The pictures from the 

prototype helped the carpenter understand the construction of the dryer, because drawings 

were difficult to understand. Explanations during the building process were necessary to 

understand each other. 

4.2 Drying tests of pineapples in the lab 

The test drying was useful to evaluate the slices stickiness, texture, structural changes, color, 

and taste when the slices had reach the end point of drying. Because the scale in Ghana was 

unspecific, these methods were used to compliment the results from the scale. Therefore it 

was necessary to dry in the lab, although it took many hours.  Drying in higher temperatures 

is therefore better because the drying rate is higher. 

Even if the pineapple slices became case hardening when drying at 70°C, it was a good 

experience. It made it possible to compare the case hardened slices with those who were of 

good quality. If the temperature in the dryer was too high and the slices got case hardened, 

this would have been observed. The experiences also showed that 70°C was a too high 

temperature to dry in. 

The pineapple slices lost some weight during transport between the scale and the metal sheet. 

This is because the slices were damp and some drops were on the scale after each transport. 

Only in the first hours the slices dropped water because the drier the slices was, the less water 

was on the surface of the slices. Only small changes of a maximum of 0.1 g on the scale were 

observed. The scale was cleaned after each transport. This resulted in higher moisture content 

in the beginning than it was in reality, at each time this was observed it affected the result 

between 0-2 percent. 

4.3 Solar dryer 

Probably the high humidity in the air made some of the tools start to corrode after only a short 

time in Ghana. Many tools that were collected in Sweden could be found even in Ghana but 

most of those tools had already been used and therefore had corroded. It would have been 

better, but also more expensive and difficult, to find tools that were protected against 

corrosion. Non-corrosive tools might be even more difficult to find in Ghana, since those 

tools are more expensive. Corroded tools are more difficult to handle and therefore it takes 
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longer time to finish different parts of the dryer. Since the dryer was built during only a few 

days, the problem with corrosion did not affect the building of the dryer, although it affecte6d 

the modifications of it. 

The dryer in Ghana was difficult to handle because of its size. Ghanaians are helpful and 

therefore it was easy to get help with moving the dryer around during the building process, 

even if the dryer was heavy and big in its size. Most of the time the dryer was only moved a 

few meters. The stones needed to be taken out of the dryer before moving it.  

The collector was a few centimeters too long; part of the collector did not have any glass sheet 

on top. This part was small and the metal sheet was long enough so that the radiation from the 

sun could heat the metal sheet directly and transport the heat by conduction through the metal 

sheet. 

The side parts of the collector were difficult to make stable. The distance between the sides 

grew a few weeks after the construction of the dryer was finished, which made it difficult to 

attach the glass sheet. Therefore there was unnecessary leakage between the glass and the 

sides of the collector. The glass has a sealing between its edges and the sides of the collector 

but the sealing is probably not good enough to hold the glass and side parts of the plywood 

tightly together. A hole between the sealing and the glass might emerge if the distance grew 

more. Tapes on the sides of the glass to the side of the collector (on the plywood) were 

therefore attached. 

Constructing the dryer without a carpenter would not have given such good results as it did. 

Being alone during construction would have taken a long time and some parts would have 

been difficult to handle. Carpenters also have good building experience. Without a carpenter 

the roof would have been split into two parts for attaching the chimney. Having a roof in two 

parts might have given rise to problems with rain leaking into the chamber and heat leaking 

through the gap between the two parts. 

Some leakage occurs between the different pieces of plywood. Those spaces were taped, 

which hindered the air from outside to get into the drying chamber. The gaps in the chamber 

can still affect the temperature in the dryer. Since good results were achieved, this is a minor 

problem. Improvements between the second and third temperature test of the dryer gives a 

clue that these leakages might only affect the temperature little. The dryer could have been 

improved by putting the parts more tightly together.  

Temperature test made it possible to easy adjust the construction of the dryer. Adjustments 

could be made before starting to dry the pineapple slices. The tests made it possible to see the 

differences between the adjustments. 

During the temperature tests of the dryer there were no problems with getting too high 

temperature. Maybe it would become a problem if the temperature in the ambient air 

increased or if the solar radiation was stronger than it was during these tests.  

It would have been better if the stone layer was lower. For that, the duct needed to be lower 

from the beginning. A big layer of stones demands more energy during the day to get heated, 
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which makes the temperature in the chamber during daytime lower than with a lower layer of 

stones. The heat storage was probably ineffective since it takes energy to get heated up during 

the day when it is most important to have a high temperature in the chamber. A thin stone 

layer is therefore better for creating high temperature during daytime but may lead to a shorter 

drying time. Probably the heat storage does not prolong the drying period since it only affects 

the temperature little.   

The insulation under the bottom of the collector was thin, which might have affected the heat 

transport. The heat transport (conduction, convection) is due to temperature differences; as 

long as the differences are small; the thickness of the insulation does not matter. The 

insulation protects the air outside, and the radiation from the ground, from cooling down the 

bottom of the collector. Therefore it is good to use insulation, even if it is thin. Insulation is 

difficult to access in Ghana and difficult to transport, even if the insulation is thin. 

The black color on the dryer makes the dryer warm on the surface because of absorption of 

solar radiation. Some trouble can be anticipated if the dryer needs to be moved during the 

daytime or needs to be repaired, since the outside can be hot, but it has not been a problem 

during this project since the dryer has been moved or repaired early in the morning, in the 

evening or during cloudy weather. 

Using only the sun as an energy source is sometimes unreliable, since the weather is often 

changing. The weather in Ghana is advantageous for drying when there is dry season. This 

makes it difficult to preserve pineapples during the rainy season. Weather, and especially the 

sun, affects the temperature in the dryer. During the time in Ghana, the weather forecast was 

followed. A few tests that were planned or started were not completed because of cloudy or 

rainy weather. Since the weather forecast is unreliable and the cloudiness has only been 

estimated, it is difficult to evaluate the real cloudiness and how it affects the temperature in 

solar collector and drying chamber. 

It is possible to dry the pineapples unless the weather is rainy or clouds protects too much of 

solar radiation to shine through. Because of the microbiological growth it is important that the 

temperature is high enough at the beginning of the drying. Therefore it is necessary that the 

first hours are sunny. Later in the first day of drying it is okay if it is cloudy as long as the 

pineapples have reached end point of drying.  

The time it takes for drying pineapples in the dryer is different because the weather is 

unreliable. It makes it difficult to spread the information to the drying group about how to dry 

the pineapples. Even during the tests it is difficult to know exactly when the slices are dried. 

Drying the slices for too long does not affect how the slices are but it affects the drying time. 

It is good if the dried pineapples can reach the market as soon as possible after being dried, so 

that the slices are being sold and consumed before getting old.  

Only every second hour was chosen for weighting the pineapple slices so that the temperature 

in the dryer did not fell too much. Each time the door is opened the temperature in the dryer 

and in the pineapples falls, which affect the drying rate. This was successful in the first drying 

test with pineapples, but in the end of the drying period it might have been interesting to 
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weigh the slices more often to easier see when the slices were finished. It would have given 

irregular measurements.  

Comparing drying in the lab at 50°C and in the dryer, the temperatures were generally lower 

in the dryer than in the oven.  The air flow was probably higher in the dryer than in the oven. 

Air flow affects the drying rate which makes it possible to still achieve a high drying rate. 

Comparing how the moisture content falls in figure 12 (test in lab) with figure 21 (drying test 

in the solar dryer), the slices dries faster in figure 21.  

The temperature was measured momentarily and the temperature sensor gave bumpy results 

that were difficult to read. Trying to find a mean value gave a fair result. When opening up the 

drying chamber, the temperature drops in the chamber and moisture from the inside goes out. 

After closing, the temperature rises in the chamber and in the solar collector. It can therefore 

be difficult to get a good idea of the temperature since it takes time for the temperature to 

stabilize, although the temperature is measured as soon as possible before getting stabilized, 

in order to understand how much the temperature falls when opening the door. 

Because the chimney and the dryer itself were high, it was difficult to measure the air flow 

through the dryer. Therefore no tests of air flow have been made. If it was possible, a simple 

plastic bag would have been used to see how fast the air fills the bag. The air flow affects the 

drying rate. 

Since the humidity in the air was often around 80 percent, the humidity was measured only a 

few times with the same result each time. Better results might have been given if the humidity 

was measured with greater frequency. The weather forecast showed bigger changes in 

humidity during daytime than was measured. In this study it was important to get perspective 

on what the humidity in the air approximately was during drying. Small changes are therefore 

not interesting to know. 

It was difficult to compare the typical rate-of-drying curve in figure 2 with figure 21 from 

measuring in reality. The air and temperature changed during drying in the dryer. Laboratory 

observations with exactly the same temperature and airflow are necessary (without the extra 

ventilation that was used in the lab at 50°C). 

During the first pineapple drying the scale was affected by the wind, which made it difficult to 

read off the weight. The scale was therefore placed inside in a place where the wind affected 

the scale less. It would have been even better to use a lab scale for weighting small objects 

where the pineapple slices are placed inside a glass box in the same time as the slices are 

weighted. 

The scale that was used during drying of pineapples counted in grams without any decimals 

and had difficulties weighing small objects. The scale was unspecific. Therefore the results in 

moisture content might not been accurate, but it gave a glimpse of when the slices started to 

reach end point of drying. This makes it difficult to achieve reliable statistics. Comparing the 

results from weighting with how the stickiness-, texture-, structural changes-, color-, and taste 

of the slices were when the slices started to get finished. 
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During the second drying, when two shelves of pineapple slices were used, the middle part of 

the pineapples were not removed properly. This contributed to higher initial and end weight. 

That part of the slices contains less water than the rest of the slices and the weight of that part 

remain almost unchanged during drying. This resulted in a higher moister content in the 

calculations.  

The pineapple slices were uneven. This makes the drying rate different from each slice. It 

takes longer time to dry a thick slice. Having a pineapple slicer would be better because a 

pineapple slicer can give slices in the same sizes, but probably it would be difficult to find a 

slicer that cut 0.5 cm thick slices. Most of the slicers probably cut 1.0 cm slices. Another 

problem is that a pineapple slicer gives more wastes since more of the good flesh of the 

pineapple is cut off because it is made standardized. It is also designed after MD2 variety, 

since MD2 is the pineapple sort that is common in stores. 

4.4 Recommendations and further work of solar dryer 

The perforated strips, plexiglass, insulation and other tools for constricting the dryer would 

have been difficult to access in Ghana, and were useful when constructing the dryer in Ghana. 

Therefore it was a good idea to construct a prototype. The materials, tools, and measurements 

differed somewhat between the prototype and the dryer in Ghana, but that did not matter. The 

construction of a prototype made it easier to build the dryer in Ghana. 

During the tests in Sweden ventilation was made by open the door to the oven. It would 

probably have been better if ventilation only was used over a shorter period of time (maybe 

only a few seconds) every half hour or full hour, or if no ventilation occurred. Extra test had 

been interesting to see how the pineapples follow the rate-of-drying curve in figure 2. 

The temperature test gave a perspective of the size of the energy storage. Having a 

measurement that logs the temperature during night time would be a good idea to see the 

difference between the second and third temperature test. It can also be interesting to compare 

the night temperature with the temperature that is needed for when drying starts to occur. 

Further investigation about when the drying starts to occur are therefore good to do for 

knowing if energy storage is good to use. 

With a temperature sensor that logs the temperature, the night temperature should have been 

given. It is interesting to know at what temperature difference drying starts to occur. With a 

temperature sensor that is manual it is difficult to know when the temperature is rising in the 

morning and drying starts to occur. Even if the temperature is low the slices might dry. The 

slices might also gain more weight during night time because of the high humidity. Future 

studies are needed to know what happens during night time. 

It would have been interesting to know the temperature and humidity in the chimney, to 

calculate – with the help of Mollier diagram – how much water the air can take up at different 

temperatures. Without anyone of these it is impossible to calculate. Therefore it is impossible 

to know when there is enough of pineapples in the dryer. 
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The quantity of pineapples that the dryer are able to dry was not defined, because the sizes of 

slices differed and more tests would be necessary. Two shelves were used and that worked 

with good results when only a few slices of bigger sizes were used. In Edumafa smaller and 

more slices were used on one shelf, which was much more than what the dryer had been 

tested for before. It is therefore recommended to try to test how many slices each shelf can 

contain in Edumafa, without putting the slices too close to each other. It can also be 

interesting to try with three shelves if enough space in the chamber exists and two shelves in 

Edumafa work well.   

A further investigation about finding suitable and sustainable shelves to the dryer is needed. 

Hopefully this is something the drying group can investigate by themselves. 

4.5 Influence of social and ethical aspects on the work in Ghana 

Time in Ghana sometimes goes slowly because people take their time before helping with 

what is needed. People in Ghana are friendly and always want to support, help, and contribute 

somehow, so they make promises, but nothing really happens. 

In Cape Coast materials and a place to build on was needed. We met with a carpenter in Cape 

Coast. Unfortunately, he said that he did not have the time, and that he would need a long time 

to build the dryer. Therefore a decision was made to try to find another to work with, which 

was successful since Dadizi could help us. 

There was no problem in getting the materials for the dryer in Cape Coast. However, the 

driver of the truck wanted us to pay 50 GH cedis (the currency). This was probably a high 

price and a native would probably pay less. Although for us it is still a small sum, about 26.7 

US dollars. 

It does not always happen that access to accurate information comes in time. Before moving 

the dryer to Edumafa, a visit to Edumafa was necessary. In Edumafa the people from the 

drying group were busy, although some interesting information was collected for future 

studies and interviews. It would have been easier if I had got the information I needed, for 

example, about when the drying group was available to contact. 

When hiring a driver and a truck for moving the dryer from Kwaprow to Edumafa, a test of 

how to transport the dryer was necessary to get a truck in the right size. The test was decided 

to be on the day before transporting the dryer to Edumafa. The day before we were going to 

Edumafa the truck had broken down. With help from Dadizi, a new driver and truck were 

found and the truck was big enough to transport the dryer. 

Several times I tried to contact the farm owner in Edumafa. I met him once, but I do not think 

he understood what I was saying. After that I tried several times to call him with a person who 

could translate. He did not answer any of the calls and since I only stayed in Edumafa for a 

short time I was unable to meet him again. I would have liked to do an interview with him to 

understand how big the losses in pineapples are and to ask him about to whom and how he 

sells the pineapples. It would have been good if he could explain to me how to cultivate and 
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harvest the pineapples. I was given some information by the Honorable William Amoah and 

by doing the group interview. 

Organizing the interviews in Edumafa was difficult since the linguist Robert Aborabora did 

not have time to come, so the Honorable William Amoah translated instead of the linguist. 

Interviews can also give another perspective than what statistic can.  

 Having individual interviews instead of a group interview might have been better but more 

time would have been needed. Some of the questions might have received the same answers. 

The possibility of having different questions for each interview would probably give a wider 

scope in the answers. 

4.6 Future development of drying pineapples in Ghana 

The pineapple export of fresh pineapples has gone down since the introduction of the MD2-

variety. Ghana has good opportunities to expand their production by investing in drying the 

pineapples instead of selling the fruit fresh. The dried market is growing internationally and 

hopefully, dried pineapples can be a popular product on the market in Ghana as well. 

Reducing the post-harvest losses by conserving pineapples by drying makes the marketing of 

pineapples sustainable. 

In Edumafa a bigger dryer is necessary to change the economy that they are living on. 

Probably economic help needs to come from outside the village, because the citizens will 

probably not be able to afford a bigger dryer, especially if it is supposed to be constructed in a 

bigger size and of the same kind of materials as used in this project. Cheaper solutions might 

be necessary to look at. 
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