CHAPTER 1
POTENTIAL OF SOLAR DRYING IN CAMBODIA
1.1

INTRODUCTION

Traditionally all the agricultural crops were dried in the sun. Traditional methods of
drying such as open air drying where the product to be dried is exposed directly to the
sun has many disadvantages such degradation by wind-blown debris, rain, insect
infestation, human and animal interference which will result in contamination of the
product. Therefore, solar assisted drying system is an effective and viable alternative
to the many current drying techniques. Consequently, harnessing of solar energy using
the appropriate technology for the drying process could be achieved without much
difficulty. There are many innovative ways of using solar assisted drying systems for
agricultural produce and it depends of many factors including the drying temperature
and duration of time to achieve the required quality of produce.
Solar drying technology can be use for poverty alleviation by increasing the living
standards of the rural population through provision of energy services for productive
use and income generation. Hence, a suitable solar drying system can be design and
fabricated as a pilot project. It is doing this by demonstrating through selected pilot
projects in business model the potential and impact that tailor-made energy services
based on renewable energies can make in improving the socio-economic livelihoods of
rural communities.
This chapter will elaborate on the potential of solar drying in Cambodia for selected
agricultural and marine products, present status of drying facilities, estimation of
commodity production, present capabilities of designing solar dryers, and
identification of potential local fabricators of solar driers.

1.2 PRESENT STATUS ON DRYING AND VISIT TO DRYING FACILITIES
The visit to some of the drying activities in rural Cambodia will be presented. This
visit is to verify the work conducted by the local consultant, Mr Sok Bun Heng on the
status of drying practices in selected provinces in Cambodia. The local consultant has
conducted extensive studies earlier including the present drying practices, types and
amount of commodities dried as follows:
1. Shrimp - Kampot and Siem Reap
2. Pepper – Kampong Cham and Kampot
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3. Banana-Kampong Cham
4. Fish –Kampong Thom, Pursat and Siem Reap
The visit was conducted from 20th June till the 23rd June 2011. However, due to time
constraint only the drying facilities for banana, shrimp, fish and pepper in Kampong
Cham and Sieam Reap were visited. We covered a total of 800km of travelled to the
sites. as well as interview famers and owners of the facilities. All of the drying
facilities are operated by individual farmers. No cooperatives or famers/fisherman
association operate the drying facilities and hence, all drying related activities were
on individual basis. No solar dryers or solar assisted drying system were used in the
drying processes.

Banana – Kampong Cham

Pepper – Kampong Cham

Fish – Siem Reap

Shrimp – Siem Reap

Figure 1.1 Potential commodity to be dried using solar dryers and the locations
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1.3 ESTIMATION OF COMMODITY PRODUCTION
The quantity of the commodity namely shrimp (Kampot and Sieam Reap), pepper –
Kampong Cham and Kampot, banana-Kampong Cham and fish –Kampong Thom, Pursat
and Siem Reap that is available for drying has been studied. The exercise requires a
lot of effort but is highly recommended. It require cooperation with governmental
agencies and other related organizations to determine accurately as possible the type
and quantity of agricultural or marine produce that potential could be dried. With
these data, the operational period of the solar dryer and the operation modes (cooperative or community based) for harvesting the commodity can be determine. It is
also important to indicate the availability of the electricity grid to the community
since this will determine the type of solar dryers to be design later.
As shown in Figure 1.1, the present method of drying is mostly open drying of direct
drying under the sun. However, this method has many disadvantages including
degradation by wind-blown debris, rain, and insect infestation, human and animal
interference which will result in contamination of the commodity.
The following information is required for the design of the solar dryers:
(a) How much of the farmers of fishermen crop or fish are dried?
(b) Any processing carried out after harvesting or catch before drying?
(c) What is the moisture content of the commodity before and after drying or
weight of commodity before and after drying?
(d) What is the actual method use to dry the commodity?
(e) What is the cost involve in drying of the commodity?
(f) Any problem experience with these methods such as high capital cost, labor
intensive, use of fossil fuel and poor product quality
(g) Any post drying processing operations carried out before sale or storage?
(h) Any form or means of storage of the dried commodity before further
processing, sales or consumption?

1.3.1 SHRIMP
Quantity of Fresh Commodity Production
Shrimp in Kampot is caught by several individual fishermen from the sea with quantity
of about 10-30 kg per each fisherman per day. The shrimp is sold to dry shrimp
producer in Treuy Kosh village, Tunop viilage and Prek Krieng village. There are about
5-6 producers in each village. Each producer buy fresh shrimp from minimum of 50kg
to maximum of 1,000kg per day to produce about 5-100kg of dry shrimp per day.
Shrimp in Siem Reap province is caught by several individual fishermen from the Tonle
Sap Great Lake with quantity of about 10-20 kg per each fisherman per day.
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Table 1.1 Quantity of Fresh Commodity (Weekly Production – Shrimp)
Location: Prek Kreng village, Prek Thnot commune, Teuk
Chhou district, Kampot
Name of Famer/Fisherman : Prek Sareun
Commodity: Shrimp
Mode of Production: Individua
Day in the week
Quantity of fresh
commodity
(kg)
Monday
20-100
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

20-100
20-100
20-100
20-100
20-100
20-100

Table 1.2 Quantity of Fresh Commodity (Monthly Production - Shrimp)
Location: Prek Kreng village, Prek Thnot commune, Teuk
Chhou district, Kampot
Name of Famer/Fisherman : Prek Sareun
Commodity: Shrimp
Mode of Production: Individual
Month
Quantity of fresh
commodity
(kg)
January
600-3,000
February
600-3,000
March
600-3,000
April
600-3,000
May
600-3,000
June
3,000-5,000
July
3,000-5,000
August
3,000-5,000
September
3,000-5,000
October
3,000-5,000
November
3,000-5,000
December
3,000-5,000

The shrimp is sold to dry shrimp producer in Tachrognieng village, Kampong Khlaing
commune, Sothnikom district with average price of 3,000 -8,000 Riels or about
US$0.75-US$ 2 per kilogram. There are about 3-4 producers in this village. Each
producer buy fresh shrimp from minimum of 200kg to maximum of 1,000kg per day to
produce about 20-100kg of dry shrimp per day and sell to whole sellers with average
price of 30, 000 to 65,000 Riels or about US$7.5 to US$16 per kilogram.
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Present Method of Drying
There are three steps for making dried shrimp. Fresh shrimp was boiled before drying
and/or smoking. If there is sun light then the producer will dry their boiled shrimp
under the sun light first and if it is not dry enough they will have to use fire to dry the
boiled shrimp.
The producers in Kampot use both methods for drying. Drying under sun shine and
smoking process. After boiling the boiled shrimp was dried under sun light, if there is
sun shine, and if no sun shine then they just dehydrate by smoking process. It takes
only one day for drying the fresh shrimp and spend about US$5 for charcoal and
electricity and about USD10 for labor.
The producers in Siem Reap use only single method-drying under sun shine. If there is
no sun shine, then they just spread the boiled shrimp on the flattery material and
waiting for sun shine to dry. It may take 1-3 day for drying boiled shrimp depending
on availability of sun shine and spend about US$10 per day for labor.
Table 1.3 Present Status and Method of Drying - Shrimp
Produce

Present Drying

Energy Source

Weight (kg)

Drying Time

System

(hrs)
Before

After

Drying

Drying

Shrimp

Direct under sun

sun

7

1

10-15

Shrimp

smoking

charcoal

7

1
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Post drying process
Another activity for producing dried shrimp is to remove the shrimp skin. After drying
they also have to remove the skin of the shrimp before selling to whole sellers.

Product quality
According to producers, there seems not a serious problem in term of quality of the
product. The dried shrimp product is considered good enough in term of quality.

Market of the dried commodity
There is good market for dried shrimp. The producers don’t have to store dried shrimp
for long as there are lot of whole sellers waiting to buy their dried shrimp.
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In Kampot, the dried shrimp are sold to the whole sellers in Kampot town every day
with price of 35, 000 to 65,000 Riels or about US$7.5 to US$16 per kilogram.
In Siem Reap, the dried shrimp are sold to whole seller in Siem Reap town every 2-3
days with average price of 30, 000 to 65,000 Riels or about US$7.5 to US$16 per
kilogram.

1.3.2 PEPPER
Quantity of Fresh Commodity Production
Two main provinces that grow pepper are in Kampong Trach district in Kampot
province and Memot district in Kampong Cham province. Pepper is grow by individual
family with the minimum quantity of few hundreds to maximum of few thousands
clumps per family. Average quantity of fresh pepper picked by each family varied
from minimum of 10 to maximum of 100 kg per time, depending on size of the
planting area of the family and kind of dried pepper to be produced.
Table 1.4 Quantity of Fresh Commodity (Weekly Production – Pepper)

Location: Kampong Trach district, Kampot province
Name of Famer: Ngoun Lay
Commodity: Red and white pepper
Mode of Production: Individual
Day in the week
Quantity of fresh
commodity
(kg)
Monday
10-30
Tuesday

No picking

Wednesday

No picking

Thursday

No picking

Friday

No picking

Saturday

10-30

Sunday

No picking

There are three kind of dried pepper to be produced, black, white and red. if they
want to produce black pepper they will pick the fresh pepper only when it become
yellow, but if they want to produce red pepper then they have to wait until it become
red, and if they want to produce white pepper then they have to remove the skin of
the dried red pepper. Hence, the frequency of picking pepper is also varied from
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family and depending on kind of dried pepper they want to produce. For black
pepper, the picking interval is 15-20 days. For white and red pepper is 4-5 days.
Farmers start to pick pepper from early March to end of May.
Table 1.5 Quantity of Fresh Commodity (Monthly Production -Pepper)
Location: Kampong Trach district, Kampot province
Name of Famer: Ngoun Lay
Commodity: Red and white pepper
Mode of Production: Individual
Month
Quantity of fresh
commodity
(kg)
March
20-100
April
20-100
May
20-100
June
20-100

Present Drying Practice
The same method of drying is applied for drying pepper in both places is to dry under
sun light. The fresh pepper after picking were spread on flattery material and dry
directly under sun light.
Table 1.6 Present Status and Method of Drying - Pepper
Produce

Present Drying

Energy Source

Weight (kg)

System

Pepper

Direct under sun

Drying Time
(hrs)

sun

Before

After

Drying

Drying

100

35

20-40

Post drying process
Another activity after drying is sprinkling to take out unnecessary debris. The dried
pepper then was put in the bag and wait for selling to whole seller or to the pepper
association.

Product quality
There is not a big problem for dried pepper. The dried pepper is considered as good
quality when it was dried under sun light. If there is not enough sun light the farmer
just spread it and waiting for sun light to dry it again. If there is not enough sun light
for drying the fresh pepper then only color its is not good, but it can be recovered
when it was dried again.
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Market of the dry commodity
The dried pepper was sold to the association or to middleman with price of about
US$5 per kilogram. In both provinces there is an association for promotion of market.
Most famers sell their dried pepper to association as they get better price than selling
to middleman.

1.3.3 BANANA
Quantity of Fresh Commodity Production
It is well know in Cambodia that banana is grown a lot in Chamkarleur district of
Kampong Cham province with each family own up to 10 hectares of banana
plantation.
However, according to the farmers in that area, there is a change recently for some
farmers to turn their land from banana to rubber plantation as the price of rubber
gone up.
Banana is harvested by each family every 15-20 days with quantity of about 1,000
hands of banana (about 500kg of unpeeled banana or approximately about 350kg of
peeled banana) and transport by truck about 5 km to their home for selling to
middleman as fresh banana with average price of 1000 riel (about US$0.25) per hand
of banana. Only few families in this area produce dried banana and not all the fresh
banana that they harvested, but only some portions of it.
The banana harvested from plantation need to keep for few days until it become ripe
then they have to peel the skin of the banana before drying.

Present Drying Practice
For family who are producing dried banana their just dry directly under sun light.
There are 4-5 families in the village who produce dried banana with quantity of about
50-100kg per time. They produce dried banana only when they harvest and only
during month of December to May while there is no rain and no flies.
Table 1.7 Present Status and Method of Drying - Banana
Produce

Present Drying

Energy Source

Weight (kg)

System

(without
skin)

Direct under sun

Drying Time
(hrs)

sun
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Before

After

Drying

Drying

100

25

40-50

Market of the dry commodity
The dried banana was sold to the middleman at the producer house with average
price of about US$0.75-1 per kilogram. There are few middlemen in the area waiting
for buying the dried banana and transport to Phnom Penh or other province to sell to
whole sellers.

1.3.4 FISH
Quantity of Fresh Commodity Production
Three well known places for making dried fish are Stuong district in Kampong Thom
province, Krokor district in Pursat and Dam Dek commune of Sothnikom district in
Siem Reap province.Fresh fish in those three areas is caught from natural water body
like river or lake or from raising place.There are more than 10 dried fish producers in
each area. They buy fresh fish from fishermen or from fish raisers with quantity of
about 100-200kg per time to produce dried for selling to whole sellers in local market
or to travelers. There is no fix interval for making dried fish, but usually about 5-7
days depending on selling rate of their dried fish stock. Fresh fish was cut open and
putting salt and some other ingredients before drying.

Present Drying Practice
The fish was dried on the rack with size of about 1.5-2m width and 3-4m long. and
take about 1-3 days for drying before selling depending on availability of sun shine.

Market of the dried commodity
Dried fish was produced mainly for selling to travelers on the road with average price
of 30,000-40,000 Riels (about US$7-10) perkilogram. In general, they can sell up to
100kg per week.

1.4 PRESENT CAPABILITIES OF DESIGNING SOLAR DRYING SYSTEM
Three institutions namely the Royal University of Agricultural, Institute of Technology
Cambodia and National Technical Training Institute have experience working with
solar dryers.
The solar dryer is a relatively simple concept. The basic principles employed in a
solar dryer are firstly converting light to heat: Any black on the inside of a solar dryer
will improve the effectiveness of turning light into heat. Next, trapping heat and
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isolating the air inside the dryer from the air outside the dryer makes an important
difference. Using a clear solid, like a plastic bag or a glass cover, will allow light to
enter, but once the light is absorbed and converted to heat, a plastic bag or glass
cover will trap the heat inside. This makes it possible to reach similar temperatures
on cold and windy days as on hot days. Finally moving the heated air to the food to be
dried. Both the natural convection dryer and the forced convection dryer use the
convection of the heated air to move the heat to the food.
There are a variety of solar dryer designs. Principally, solar dryers can be categorized
into three groups: a) natural convection dryers, which are solar dryers that use the
natural vertical convection that occurs when air is heated and b) forced convection
dryers, in which the convection is forced over the food through the use of a fan and c)
tunnel dryers.
Both the solar dryers at the Royal University of Agricultural and the Institute of
Technology Cambodia are of the natural convection type. The one in the National
Technical Training Institute was of the force convection type but has been
dismantled.

Mr Ek Sopheap, Vice Dean, Faculty of Agro- Industry,
Royal University of Agricultural. Phnom Penh

The natural convection solar dryer

The cabinet dryer

Figure 1.2 Faculty of Agro- Industry Royal University of Agricultural. Phnom Penh
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Figure 1.3 Testing of food quality
Mr Ek Sopheap, Vice Dean, Faculty of Agro- Industry, Royal University of Agricultural.
Phnom Penh has the capability of designing natural convection solar dryers and also a
laboratory for testing food quality.

Figure 1.4 Mr Phol Norith, Deputy Director in charge of Planning and Project
Development, Institute of Technology Cambodia, Phnom Penh

11

Figure 1.5 The experimental natural convective solar dryer located on roof top
The institute of technology Cambodia has two departments namely (a) the Energy and
Electrical Engineering and (b) the Industrial and Mechanical Engineering. Both have
experience in planning renewable energy projects, automation and control systems
and mechanical workshops. The institute also offers the use of AutoCAD computer
software for detailed drawings of the solar collector and systems.

Figure 1.6 Mr Toch Sovanna, Department of Energy Techniques, Ministry of Industry
Mines and Energy (MIME), Phnom Penh and showing commitment by MIME for the solar
dryer project.
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Figure 1.7 Mr Chhar Khemarin, Deputy Director of Administration, National Technical
Training Institute (NTTI), Phnom Penh, showing the site where the dismantled forced
convective solar dryer was installed.

1.5

PRESENT CAPABILITIES OF LOCAL FABRICATORS

It is very important that all of the components of the solar dryers be fabricated
locally. This will save cost and boost the economic and social activities of the local
industries. In addition, a control system is needed for continous operation of the new
solar dryers. The Centre Kwam Ngoy located at Olympic Quarter in Phnom Penh is
very suitable for fabrication of such dryers. The centre is also capable of fabricating
gasifiers and has mechanical workshop located outside Phnom Penh.
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Discussing the concept of solar assisted drying system to Im-Saroeun, President du
CKN, Centre Kram Ngoy, Phnom Penh.

Automatic control systems CKN

Simple Robotic System interface CKN

Figure 1.8 Fabrication facilities at the Centre Kwam Ngoy located at Olympic Quarter
in Phnom Penh

1.6

CONCLUSIONS

(a) Based on the visit to the drying facilities sites, it is proposed that a forced
convective solar assisted drying system be fabricated for fish since it has
reliable output and highly priced. Although shrimps as the quantity and highly
priced but many other processes involved during the drying processes.
(b) The present solar drying capabilities among the local institution are simple
convective solar drying system. A forced convective solar assisted drying
system is recommended. The life cycle cost of a forced convective solar
assisted drying system is sometimes more favorable compared to the simple
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convective solar dryers. This has to do with the high output and resulting in
shorter payback period.
(c) Potential for engaging local fabricators is huge and this would enable cost
reduction as well enhancing the local economy. Local fabrication include,
solar collector, auxiliary heating system, ducting, drying chamber, and control
systems.
(d) A high performance solar assisted drying system with drying capabilities of 150
– 200 kg with solar collector areas of about 20m2 should be constructed as a
showcase.
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