BY:

FREDERICK NATHANIEL YANKAH
" JUNE 1996.




CHAPTER ONE

1.0 INTRODUCTION

I.1  HISTORICAL BACKGROUND OF MUSHROOM CULTIVATION
.2 MUSHROOM PRODUCTION IN GHANA

.3 OBJECTIVES OF STUDY
CHAPTER TWO

2.0 SAWMILL WASTE
2.1 WASTE GENERATION

2.2 AGRICULTURAL WASTER UTILIZATION
2.3 OBSERVATIONS

2.4 SUMMARY

— — h — — = —

3.1  THE NEED FOR MUSHROOM
3.2 SUMMARY

CHAPTER FOUR

4.0 FEASIBILITY STUDIES
4. 1

4.2

4.3. MARKET CONDITIONS
4.4 EXTENT OF MARKET
4.5 PROCESS SELECTION
4.6 STORAGE

4.7  SITE SELECTION



4.8 MAN POWER

4.9 WASTE MANAGEMENT OF BY PRODUCT

CHAPTER FIVE
5.0 CASE STUDIES

5.1 MUSHROOM FARM, MEXICO
5.2 OBSERVATION

5.3 CONCLUSION

5.4 NATIONAL MUSHROOM PROJECT, ACCRA
CHAPTER SIX

6.0 GENERAL ASPECTS OF GROWING MUSHROOM ON SAWDUST
6.1 INOCULUM (SPAWN)

6.2 TEMPERATURE

6.3  MOISTURE AND RELATIVE HUMIDITY
6.4 LIGHT

6.5 HYDROGEN ION CONCENTRATION (PH)
6.6 AERATION

6.7 SUSTRATE NUTRIENTS

CHAPTER SEVEN
7.0  PRODUCTION PROCESS

7.1  COMPOSTING
7.2  BAGGING

7.3 STERILZATION
7.4 INOCULATION
7.5 INCUBATION

7.6 CROPPING AND HARVESTING



7.7 EQUIPMENT AND THEIR FUNCTIONS
7.8 CONCLUSION

7.9  STATISTICAL STUDIES

/.10 MARKET OPPORTUNITIES
CHAPTER EIGHT

8.0 PROJECT LOCATION
8.1 CLIMATE

8.2 PHYSICAL FEATURES
8.3 INFRASTRUCTURE

8.4 PLANT LOCATION
CHAPTER NINE

9.0 LOCATION

9.1 CHARACTERISTICS

2.2 INFLUENCE OF SURROUNDING SITES AND OTHER FACTORS
CHAPTER TEN

10.0 THE BRIEF

0.1 GENERAL CONSIDERTION
10.2 BRIEF DEVELOPMENT
CHAPTER ELEVEN

1.0 DESIGN PHILOSOPHY

I'1.1 EVOLUTION OF CONCEPT
1.2 CONCEPT

1.3 EVOLUTION OF FORM

~ 11.4 VIBRATION AND NOISE

1.5 POLLUTION



1.6 CONCEPTUAL STUDIES

I'1.7 PLANNING PRINCIPLES AND STRATEGIES
1.8 DESIGN HIGHLIGHTS

['1.9 LANDSCAPING

I'1.10  ACCOMMODATION SCHEDULE
CHAPTER TWELVE

12.0 FINISHES

CHAPTER THIRTEEN

5.0 SERVICES

CHAPTER FOURTEEN

14.0 PHASING



DEDICATION

This Design Thesis is dedicated to My Parents and my Sisters.



ACKNOWLEDGMENT

Ms Eunice Amuzu - for having the patience to type this report.

All my course mates (1993 - 1996) and numerous friends, S.M., Shato, Oliver.

| also thank my parents and sisters for supporting me through the course and above

all the Lord Almighty for making everything possible.



- CHAPTER ONE

1.0 INTRODUCTION

A major advance in agriculture today is the development of cultivation techniques

for edible tropical mushrooms which, since earliest times, have been valued as 3 special

delicacy in soups and stews. This development has been necessitated by the seasonal

dppearance of this crop as well as the fast Increasing demand for meat substitute here and

abroad.

Successful cultivation of crops, such as mushroom is the kind of crop which

requires knowledge of basic sciences. But one remarkable characteristic of these

mushrooms is that they only require many kinds of either agricultural, industrial or other

waste as substrates for the production. the substrates must have quite a reasonable degree

of warmth and humidity and the nutrient content must be higher to support the growth

of a particular mushroom. If these basic requirements could be met by this organisms the

mushrooms could convert these waste material into human food.

Notwithstanding the simplicity of its growth process,mushroom cultivation is 3

complicated business. It involves a number of different operations including the selection

of an acceptable fruiting culture of the mushroom, preparation of Spawn and compost,

iInoculation of the COmMpost, crop care, harvesting, preservation of the mushroom and

marketing. Each of these operations consists of many other sequential steps to be pursued

which are equally necessary for a successful operation of the mushroom business.

While there is available, a solid background of scientific information for these

various operations with a number of cultivated species. In many aspects mushroom

cultivations is an art and a science. Consequently, in order to maintain a reasonably high

and stable yield of mushrooms both fundamental knowledge of mushroom science and the
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accumulative information of practical experience in mushroom cultivation are required.

The cultivation of mushroom deals with living organisms, not only the mushroom

itself but also other microorganisms Including both harmful and beneficial ones. Therefore

the methods employed in mushroom cultivation require some modification from one

region to another, as different environmental conditions and different species of micro

organisms may be encountered.

Mushroom farming provides one of the most economical way to make use of

agricultural by-products which otherwise would have been left to rot in the field. These

Include eg. 1. Rice Straw 2.Maize Storer, cobs and chuff.

In summary, science and practice in mushroom cultivation have led to some useful

general concepts about various stages in the process but the biological complexity involved

In the interaction of various micro organisms, different natural substrates and a diversity

of environmental conditions requires a multitude of methods for cultivating mushrooms.

1.1 HISTORICAL BACKGROUND

Mushroom farming has been well developed in the U.S.A. and most of the

European countries. The Southeast Asian countries which fall within the sub tropical

Region have also seriously in the past two decades occupied most of the research activities

on edible mushrooms.




Since these edible mushrooms do not grow in isolation but do also sprout with many

other fungi species, either poisonous or non-poisonous,the wild collection of these edible

mushrooms present special problems.

It is most common to hear that people especially children have been poisoned by

eating the poisonous mushrooms. The edible mushroom and other non-edible ones are

very much similar in colour, scent and the environment in which they are mostly found

are almost the same, therefore, many mushroom hunters confuse the edible with the

poisonous one. Experience may be counted as the most reliable tool to select the edible

from the poisonous fungi in Ghana. But experimentations with pilot schemes have shown

that a systematic, scientific commercialisation of mushroom farming may be an ideal

solution to mushroom poisoning and creation of 3 large market for mushroom domestic

consumption and exports.

1.2

MUSHROOM PRODUCTION IN GHANA
— =RV FRUDUCTION IN GHANA

readily available.

This thus makes it difficult for those who love mushroom to have it all year round,

until recently when the Food Research Institute introduced the scientific approach to the

cultivation of mushroom. This method made it possible for people to grow their own

mushrooms in their back yards.

This process of cultivating mushroom was introduced into the country by the Food

11

———



To generate sustainable employment for the redundant rural youth in order to

discourage them from migrating to the already choked cities.

Then also to utilise saw waste ie. saw dust in the timber industry more productively

and to keep the environment clean.

The basic scope of the project will be to design a mushroom production centre
with the following:-

l. Production Halls

d. composing b. inoculation room c. incubation room d. cropping room

e. finished product area f. waste handling

Research laboratory for spawning

Storage facility for Raw Materials

Storage facility for finished product

Central administration to house the administrative sector of the unit

S U s W

Parking facilities for staff, visitors, vehicles for raw materials and finished



Sanitary and changing rooms for staff, visitors and workers

Welfare area for both staff and visitors



are declared waste. There are no proper system of treatments and disposal of these

waste. They are either disposed of on site or off-site untreated in areas not planned for

waste disposal. Consequently, much land is wasted on waste disposal.

Most of the time the saw waste is burnt causing pollution to the atmosphere. Also
because it is

Generally, sawdust is not put to any economic use. It is disposed off as waste
without pre-treatment. This disposal involves higher volumes of land. The loose particles
of the untreated sawdust also pollute the air causing poor visibility, bronchialial and eye

disease. Disposal into valleys and water bodies in the long run causes water pollution.

Burning is the principal source of common air pollutants.

The harmful gases emitted in the form of fumes and smoke adversely affect
vegetation and man. Disposal on site is a threat to fire safety. Sawdust can easily catch

fire and the probability to burn down the mill cannot be overlooked.



2.1 _WASTE GENERATION

Sawmills turn out large volume of wood residuals. Solid wood waste and sawdust

composing the wood residual have been estimated at fifty (50) to fifty-five (55) percent
of the log input. Virtually all wood solids are consumed locally as domestic fuel. Sawdust

have been estimated at 15 to 20% of the total log input. The bulk of sawdust generated

by the sawmills is not utilised. A small proportion is used in charcoal burning to effect

There are about 120 registered sawmills currently operating in the country. These

sawmills together generated 400,000 cubic meters (118,200 tons) of sawdust in 1993.

As at now the sawdust generated is under utilised.

Sawmills in Akim Oda account for about 30% of the total sawdust produced in

the Country. Disposal of sawdust produced here in Oda is 3 problem to both sawmillers

appreciated.

It has been realised that over the years a lot of sawdust has been generated.

Table showing sawdust generated in cubic Meters since 1990-:-

Year 1990 1991 1992 1993 1994
Sawdust
M 297,000 315,000 350,000 397,000 407,000

Source I.R.N.R.
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Out of this total only about 10% of this is utilised as landfills and as 3 cover

material for charcoal burning.

2.2 AGRICULTURAL WASTE UTILIZATION
Fes OMRILULIURAL WASITE UTILIZATION

Mushroom farming provides one of the most efficient ways to make use of

agricultural land. Mushrooms grow well on many agricultural by products which

otherwise would have been burned or left to rot in the field. These Include:

- Rice Straw

- Maize Storer, cob and chaff

- Banana or plantain leaves

- Oil palm pericarp fibre, empty bunches

- Sawdust and logs of timber and fruit trees

- Waste paper, tea leaves etc

agricultural wastes.

Another important advantage of growing mushrooms is the use to which the spend

material can be put after the mushroom has been harvested. The spent compost can be

used s manure or organic fertiliser.

Spent straw can also be used for feeding sheep and cattle since it has little fibre and

therefore its’ digestibility is improved.

The protein content of the straw Is also drastically increased by the presence of

16



mushroom spawn.

Thus it can be seen that agricultural waste can be utilised profitably, by means of

mushroom cultivation.

2.3 OBSERVATION

The sawmilling industry in Ghana generates a lot of saw dust which is generally

underlisted. The sawdust is disposed of as waste, leading to serious environmental

been solved.

2.4 SUMMARY

In appropriate planning of the sawmilling industry has led to great environmental

for timber. The more timber produced the more the generation of saw dust thus

Increasing the problem of the environment.

One area of obvious potential is he development of a process to utilise the

sawdust generated to produce or cultivate mushroom for human consumption.



'CHAPTER THREE
3.0 MUSHROOM CULTIVATION

———— = T WMLIIVAAIIVIN

A major advance in agriculture today is the development of cultivation techniques

for edible tropical mushrooms which since earliest times, have been valued as a special

delicacy in soups and stews.

This development has been necessitated by he seasonal appearance of this crop as
well as the fast increasing demand for meat substitute here and abroad. simple methods

are now available by which individuals can quickly grow their own mushrooms all year

round without much horticultural knowledge.

A very attractive characteristics of mushroom cultivation is that the cultivations is

not confined to one season as it is with most other garden (crops) vegetable mushroom

can be grown all year round, furthermore the grower has the choice of growing
mushroom of different species and of high yielding ones. By also providing better growing

conditions and preventing insects damage and other pest attack, one can continuously

control the yields continuously.



houses etc.

3.1 THE NEED FOR MUSHROOM CULTIVATION
=== Nt TVUR MUWHRKOOM CULTIVATION
Apart from the utter deliciousness of this tempting food, it has a number of food

values. The notion that mushroom contains little or nothing of real food value has been

entirely disproved.

A mushroom contain more protein per 100 pounds by weight than any other
vegetable with the exception of gr€en peas, soya beans and a few legumes. Whereas the

fresh mushroom contains only 3-4% protein. The dried species has between 21-40%

soya bean is rated over 40% dry protein. However, the mushroom Is unequalled as a

farm crop for producing the highest yield of protein per acre per year.

Mushroom protein is also of a high quality containing all the nine (?)basic protein

units (amino acids) essential to man. This is contrast to legumes and cereals which lack

some of these protein units.

Mushrooms are richer than most vegetable in some vitamins such as vitamins B 1 J

B2 and B6. They also contain 'vitamin C and D. They have a rich supply of folic acid

(the vitamin which cures pernicious anaemia) in larger amounts than practically any other

vegetable or meat with the exception of liver.

Mushrooms have a richer supply of minerals than many meats and have double the

amounts appearing in most vegetable. They contain calcium, sodium potassium,

phosphorous, zinc, iron and a fair amount of sulphur and manganese.

Mushrooms are however low in calories and have very little sugar and no starch,

the worst fattening agents. It is known that the sugar content and cholesterol level in

19
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blood are both lowered by eating some species of mushrooms.

Mushrooms, thus serve a useful purpose in providing amongst others sustaining food for

diabetics in place of other vegetables and are one of the most suitable diet for heart

patients and over weight cases.

The following indicate the corresponding uses of many species of mushrooms in

treating some health problems: -

l.

Common Button Mushroom - lowers blood pressure and increases

lactation
In breast-feeding mothers.
2. Oyster Mushroom - prevents occurrence of liver cirrhosis and vascular
sclerosis, inhibits the growth of tumour and cancer cells.
3. Oil Palm Mushroom - promotes body resistance against infectious diseases,
accelerates healing of wounds and reduces blood serum, cholesterol.
4.

Jew’s Ear Mushroom - used for the treatment of hypertension, weakness,

after child birth, rheumatic pains cures sores and boils not healing due to

old age.

This shows how important mushrooms are to us as 3 society. It is evident

—“- e —

d promising new

addition to backyard gardening in Ghana Is the production of tropical mushroom on



domestic and agricultural waste which can be practised all year round.

The cultivation methods are not difficult but to avoid contamination, competitive

Micro organisms aid to ensure optimal mushroom production, cultural practices must be

carried out correctly.



The Ghanaian taste to mushroom is very high. It is

MOSt common to hear that

people especially children being poisoned by eating the poisonous mushrooms.

The edible and non-edible mushrooms look alike in colour, scent and the



counted as the most reliable tool to select the edible from the poisonous fungi in Ghana.

But a systematic scientific commercialisation of mushroom farming may be an ideal

solution to mushroom poisoning.

can be utilised in the cultivation of

mushrooms the amount of vitamins, iron, protein etc - which will be gained when

consumed by people will be very enormous. Also the ailments and diseases which will be

cured will be beneficial to the society.

Mushrooms can be sued as substitute for meat. Comparing the cost of 1 kg of meat

to 1kg of mushrooms, one will realise that it is cheaper to buy mushrooms than meat.

community.

Furthermore, conversion of sawdust INto a raw material for the production of

edible mushrooms means, a reduction in pollution. This process of converting sawdust

to edible mushrooms would create employment for the youth in the town.

4.2 SUITABILITY AND SUPPLY OF RAW MATERIAL
—e—==" DL I AND SUFFLY OF RAW MATERIAL

It is quite certain that mushrooms grow on wood waste. If one goes or happens

(0 g0 round the local timber sawmills during the wet season, it can be observed how

* mushrooms are often collected by the local people, from the heaps of woodwaste.

23
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Agricultural wastes such as used tea leaves rice straw, cotton waste, and tobacco

Recently new methods have been developed that allow production on 3 regular and

stable basis in a relatively short time.

SETEE e, T W —

By using lignocellulosic material supplemented with other Ingredients and growing

under controlled environmental conditions a "sawdust cultivation method" has been

devised which requires only 2 to 4 months for fruiting to occur. Here the sawdust is

mixed with other raw materials and Incubated for cropping.

fficiency (fresh weight of mushroom/ dry weight of sawdust substrate)

on supplemented sawdust is up to 145% in 6 months as compared to 35% over a 6 year

period with the natural log cultivation.

Generally sawdust is the main substrate for the cultivation of mushroom and is

readily available from the sawmills.

~ Water, which is needed In large quantities for mixing the compost ie water and

sawdust are the main raw materials needed for the process. This therefore makes the

project very economically and environmentally feasible.



4.3 MARKET CONDITIONS

Traditionally, marketing of mushrooms is not be too difficult a task. This is due to

Its seasonal nature as it is only obtainable during the rainy season during which its demand

very is high. By means of systematic Cultivation, it can be got through the year and this

keeps the market active on continuous basis.

As mentioned earlier mushroom have medicinal properties and we also better
substitute for meat. Considering that 1kg of meat is about ¢4000 - ¢ 4,500, which is
almost beyond the ’average mans pocket’ a kilogram of mushroom cost less than the price
of 1kg of meat. Moreover, it is relatively healthier from the point of view, ailments
associated with meat consumption. It gives more protein and has almost all the vitamins.

Currently there are not enough mushroom growers to satisfy the demand for
mushrooms all year round. Because of this, people buy the fresh ones and store for such

a long time that it loses its flavour.

The present producers are not able to satisfy the local consumption, left alone

mushrooms. Moreover national legislation on picking an selling of wild species are

* becoming more strict, thus favouring Imports.

25
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The European Community market for dried ‘mushrooms is expected to increase

delivering terms.

The extent of market for mushrooms produced here is very wide and show how

lucrative it is becoming everyday.

4.5 PROCESS SELECTION

I'he choice of technology this offered In mushrooming is materially narrowed

down by limitations Imposed by the availability of materials for production. When 3

choice is made, it is necessary to know about the process available in order to access the

possible application of each process to the end product, the raw material available and the

size and area under consideration shall also be considered.

There are three major types of edible mushrooms and these are: -

| Oil Palm Mushroom, 2. Oyster Mushroom and 3. Woodear Mushroom and they are

cultivated differently. The raw materials are different, but the general process is almost

similar.

4.5.1 THE OIL PALM MUSHROOM

The best materials for indoor cultivation of the oil palm mushroom, which occurs

naturally on decaying oil palm trunks are cotton waste and kapok. The cotton waste is

a waste product from the textile industry.

This process consist of mixing the compost substrate in cotton waste with water

and limestone (Calcium Carbonate) and then left to stand for 2 days for the compost to

ferment, then turn it inside out till the fifth day before bagging takes place.

26
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Then it is sterilized and Spawn are added. Not water is used in sterilization. The

substrate is soaked in boiling water for 10 - I 5 minutes or in hot water (65 - 75 degrees

C) for one hour. After this it is left to cool to room temperature.

After spawning, full growth of the mycelium is achieved within 5 - 6 days

I'he Mushroom House can be closed tightly for the first five days. An insecticide is used

to control flies eg. acatellic or agrothon.

After this fruiting takes place. This process takes a longer time to reach fruity stage

and its prone to contamination.

4.5.2 THE OYSTER MUSHROOM

The Oyster Mushroom is generally easier to grow than the oil palm and should be

the choice of every grower because of the following reasons:-

it yields obtained from this process are higher than any other process ie
Oil Palm. Whereas the latter can produce between 20-45 kgs of fresh
mushrooms on 100kgs (dry weight) of cotton waste, the Oyster mushroom
gives between 70 - 100Ibs or more on the same amount of material.

b. the raw material (sawdust) is readily available.

C. only a small amount of light is needed for the fruit bodies to grow.

d.

the oyster mushroom requires a high concentration of Carbon Dioxide for
the rapid growth of the spawn and therefore grows well in closed

containers such as polythene bags. The polythene bag technique is

Inexperience and gives best yields and the earliest appearance of

27
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fruitbodies.

4.5.3 THE WOODEAR MUSHROOM

— 0 T MG INNVNWEE

The Woodear Mushroom grows on maize cobs, sugarcane bagasse. It is cultivated

on logs of eg coconut, cocoa and mango etc.

mature fruit bodies can be harvested 12 -14 days after in the growing house. The

expected yield is 25 -75Ibs of fresh mushroom per 100Ibs of dry substrate after three

flushes in a production cycle of about &5 days.

Of all the three processes, the Oyster Mushroom cultivation technique is the most

appropriate. This is because the materials are readily available and also it is easier to grow

and the yield is more within a short period.

This system was selected because of simplicity of the process, cost of production

and the quality of mushroom:.

4.6 STORAGE

The quality of mushroom depends on efficient storage. To get good quality

mushrooms the sawdust should be well kept preferably under a shed or covered with

polythene bags.

This is to increase the calorific value of the sawdust. If the sawdust is exposed to

too much moisture the calorific value is reduced. Some heat is necessary to evaporate

28
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water out of material.

kept very well.

4.7 SITE SELECTION

Water from the stream (River Birim) near the site can be used. Power is also very

essential, for the environmental control deserves the use of air-conditioners.




The nature of the blant process requires highly skilled and semi-skilled labour.

Training the plant staff by experts with particular emphasis on management and

maintenance skills is necessary.

4.9 WASTE MANAGEMENT

Volume of waste generated by the plant is low. Plant’s waste include new harts

of compost, carbon dioxide and water.

Compost remnants are generated when the compost has been harvested. the

remains are gathered and bagged. This is sold as fertilizer to farmers. It is very good to

use as fertilisers. It is collected only after the mushroom has been harvested.



of materials used.

3.1 MUSHROOM FARM, MEXICO

——— e T Tl TN, TTIEAINY

The farm was built in 2 diary and coffee ranch in the neighbourhood of Coateec

State of Veracruz. On the ranch grounds besides "beneficio" (a place for the wet coffee

processing) for easy management and transportation of the raw material (coffee pulp).

T'he area covered by the farm is about 145 square metres (Fig). This area was divided

Into four (4) sections

Outdoor - a. area of the coffee pulp fermentation

(+/- 31sq.m)

b. pasteurization area (+/- 95q.m)
Indoor - C. spawning (+/- 36 sq.m)

d. mushroom production and growing area

(+/- 69 sq.m)

T'he installations for indoor cultivation were built in plastics, wood and with 3

design in order to reduce capital cost. the walls were made of black plastic mostly

supborted by a wood frame. This plastic is a good material to keep the farm warm during

the cold months (October to February) in this region. Likewise in the warmer months,

(March to September), the humidity and temperature can be relatively well controlled by

spraying water on the floor. The farm roofing was made of dark and transparent plastic
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sheets.

The fresh coffee pulp was prepared to a store of about 5 X 3.85 X 2m raised to

5.40m where the pulp was then transferred to the fermentation area. The fermentation

was carried out by piling up the pulp in pyramidal heaps. The period of fermentation was

between 4 - 7 days.

randomly distributed holes. These containers were filled with about 9kg of fresh

substrate. The number of replicates depended on the strain used.

It was then moved into the Mushroom growing area for harvesting.

3.2 OBSERVATION

The layout is

— ——= . - =

The choice of material is very good, especially for the interior of the cropping area.

Generally the construction is very simple and that should help in achieving a good and

efficient running of the facility.

3.4 NATIONAL MUSHROOM PROJECT, ACCRA

32
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an experimental project. Generally the

farm was constructed with block work with asbestos as the roofing material.

The cropping house is the only place with a different type of construction.

The facility lacks any form of cleanliness. The hygienic conditions are very low.

Also the general condition for the growth of mushrooms has not really been achieved.

The facility did not have any real character in terms of architecture. Also a clean

environment will have to be well conceived to enhance the new project.



require attention are the inoculum (Spawn), substrate nutrients, temperature, pH value,

moisture, relative humidity, aeration and light.

6.1

LIDRARY
"MVEBSITY OF SCIENGE AND TECHNOL o
Fﬂ’fﬁ"f_iiS'{ Setvwaans T :

“OHA N A

as adaptability to various nutrients in the substrate, a high yield of mushrooms with

desirable quality flavour, good post harvest shelf life, ability to grow and fruit at a wide

range of environmental conditions and resistance to pests and diseases.

The production of the inoculum (Spawn) involves a series of operations that must

be carried out under supervision of technically trained microbiologist and requires

specialised equipment in 2 properly designed laboratory.



temperature is better than 3 fluctuating temperature for mycelial growth. However, the

Is at @ moisture level between 95-60%. The mycelial grow slower, if the water content

Is much more or less than this level. After Inoculation on substrate with a water content

of 60%,

for normal development of fruit bodies. If the water content is too low, abnormal fruit

bodies will be formed despite a favourable relative humidity. In general 3 range of 60-

/5% relative humidity and adequate aeration are preferable for mycelial growth.

However, at the beginning of fruiting, a relative humidity of around 90% is necessary to

Increase development of umbrella cells and to decrease the formation of abnormal fruit

bodies. After 24 hours, the relative humidity is reduced to 80% to prevent over

development of the stipe.



and oxalic.

The most suitable PH range for mycelial formation and fruit body development is

around 3.5 - 4.5. Therefore deration in the Incubating room should be precise to

prevent the abnormal development and death of fruit bodies.

6.6 AERATION

Mushroom is an aerobic fungus needing enough oxygen during the growing period

to develop well. Usually,

than fine particles,

loosely packed particles are more advantageous than heavily

compacted particles and a suitable water content is more conducive to growth than

saturated substrate.

Inadequate aeration inhibits fruiting much more strongly than it does mycelial



growth. Aeration removes Carbon Dioxide which inhibits the €xpansion of the mycelial.

6.7 SUBSTRATE NUTRIENTS
—f SV DIIRAIE NUTRIENTS

From studies

. Therefore these varieties of

sawdust are most commonly used. The sawdust texture should be about 50% fine

ground (1-2mm) and 50% coarser material, such as wood chips for better aeration.

Supplements added to the sawdust include a carbon Source, a nitrogen source and

calcium carbonate (chalk).

The sawdust is usually 75 to 85% by weight of the total

Ingredients.



CHAPTER SEVEN

PRODUCTION PROCESS

The production of oyster mushroom on sawdust follows the general principles of

producing mushrooms

, 1e. the various stages which include composting,

handful firmly. If a few drops of moisture leaks out between the fingers the material is

ready to be packed. This process takes place outdoors.



surface when the bag js open.

I'he materials are packed firmly into the bags to make a desired farm and a 1.5¢cm

wide 10cm deep hole is

because of the heat exerted.

/.4 INOCULATION




(wo people working together one can hold the inoculum bottle and remove and replace

the cap. This process takes 2 day.

bags, inducing contamination.

Great efforts will be required to regulate témperature and humidity.
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and humidity. The temperature should not be over 25 degrees celsius or below 20

degrees celsius and should remain constant, if possible.

should be kept below 60% to prevent
contaminants from growing on the cotton plugs.

preferred state,just before the cap extends to the fullest or about 70



ii. Composting Machine: -

growth of the mushroom:.

il Weighing Scales: - This Is used to get uniform wéight of the bags.

This is used

because a certain dmount of spawns is needed to Inoculate a certain amount of

COMpost otherwise contamination may occur.

2 Autoclaves: - This is 3 Pasteurisation chamber which is used to sterilise the bagged

compost at 121 - 125 degrees celsius to kill all organisms which otherwise would

have caused contamination.

7.8 CONCLUSION

—— =t WALMJIVIN

conditions will have to be

eﬁstablished and well kept, for an efficient production to take place.



Spain, France and the

United Kingdom really demand the
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of the world producers.

7.9.2 MARKET OPPORTUNITIES
~efes TOARAELLI UFFOKITUNITIES



| compost bag = kg of fresh mushroom

2000 bags = 2000kg = 2 tons fresh mushroom

|Okg fresh mushroom = kg dried

the yield of fresh mushroom.

This factory will therefore be producing up to about 15 - 20 tons of dried

mushrooms for both local and foreign consumption.
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the siting of timber and

significance.
8.1 CLIMATE

The climate is equatorial

continental

: 8.1.1 Temperature
i

Maximum mean monthly temperature occurs in March (27.9 degrees celsius).

The minimum mean monthly teémperature occurs in August (21.7 degrees celsius).
8.1.2 Sunshine

On ordinary non-rainy days sunshine is between 4 (four) and 6 (six)

8.1.3 Humidity

hours.

High often exceeding (920%) ninety percent throughout the year during the

morning period and >€venty percent (70%) in the afternoons.

8.1.4 Wind Velocity

e —

This is in the range of between 6.0 to 15km/hr. Wind direction IS more or less

constant between February - November, is South-West to North-East direction. Between

December and January the wind is the opposite direction, that is north-east to South-

West.

Maximum period of calm is twenty five to thirty percent occurs late in the

evenings till early morning.



g, proximity to raw materials;
d. good road and rail connection;

e. supply of power and water;

f. possibility to waste disposal;
g.  good drainage and services;
h.

possibility of acquiring required size of land;

. easy accessibility; and

J. Industrial interdependency.




are located in this area.

There is availability of essentja| Services and moreover they are not too far from
the city centre.




waste water disposal.

This also helps in the aeration of cool micro climate.




Iii. U-Shaped Movement

= this reduces the amount of circulation and thus

reduces man\hour lost during production process;

Fire protection is VEry necessary since some of the raw materials are prone to fire.






shall have translucent fibre
glass sheeting Incorporated in sections of the roofs for the provision of

natural lighting and Possibly ventilation.

The roof shall be of ferrocement with reinforced beams. The choice of the floor

finish must be non-slip, hard-wearing, €asy to clean material.

The cropping section where harvesting takes place, will have the wall lined with

of light is needed.

The final painting and furnishing of the building shall be carefully considered to give

an attractive and durable finish.

Used

Also air-conditioning will be ye» in the incubation and cropping rooms. The

system to be sued is the dqua stream system. It is based on 3 simple operating principle.

It allows for the air-conditioning of adjoining rooms.

work to be done.




10.2.3 WELFARE FACILIT]ES
—‘___\

There will be two welfare arezs.

second will be for eating.

satisfied.

Workers will most of the time be in the Inoculation or the finished products area.

The incubation and cropping areas are to be air-conditioned so as to prevent

contamination from the outside le. sawdust particles.

Almost all the enclosed Spaces are air-conditioned. Those not air-conditioned have

€XLractors to extract whatever pollution poured out into the environment.



b. the clear and healthy natyre of the workers;
C economical in cost

d. availability of the Material;

e. durability of Mmaterial; and

f Inexpensive in Maintenance

Considering the factors discussed and the nature of the raw material the following

materials were selected:-

o F blocks for partition walls;
‘choce Menjl‘
b. shell or dome roof;
: Fovvollwent
G, reinforced

. for structural members; and

d. windows are of glazed glass.

10.2.3 ANCILLARY FACILITIES
e ANLUILLARY FACILITIES

i. disinfecting pit;

ii. parking lot for about 20 cars for both the administration and restaurant;

V. good road network;

V. good drainage works to be laid without hinderance to vehicular movement;
Vi. generator and transformer area;

Vii.  water reservoir; and

Viii.  air-condition plant.



11.0 DESIGN PHILOSOPHY
-__.-—___~\

ASs a departure from the traditional

architectural styles and also 3s :

(

site location being along a3 major road), there was a basic intention to come out with a

visually captivating architectural piece.

(1.1 EVOLUTION OF CONCEPT

The design concept was evolved from the various stages of the mushrooms growth.

Its organic nature, je.

cleanliness

The domical

cap shape of the mushroom was the source of the roof shape (shell

form). Mushrooms as we know do not grow uniformly, their heights vary and they spring

up just anywhere. This suggested the general configuration of the plans to symbolise

growth of mushrooms. the way mushrooms do not uniformly grow in heights suggested
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the varying heights of the buildings,

Vibration and noise to surrounding buildings s 3 problem that needs considerable
attention.  The fact that during COMposting,ie mixi

d.

separation of the noisy areas, that is the COmposting area, from the quite areas ie.

administration by the greatest possible distance.

11.5 POLLUTION

measures shall be taken:-

a. Arranged Landscaping - will be Introduced to absorb the carbon dioxide

generated, which has a concentration of 0.3%. This is not harmful to the

atmosphere.

b. Extractors - will be provided in the Incubation room to extract the carbon

dioxide to the outside.



to the plant.

e. Facial masks,

Wellington boots, goggles,

shall be supplied to workers.

hand gloves and overalls -
11.6 CONCEPTUAL STUDIES

Zoning in terms of dirty and clean areas was really considered to cut down an
possible contamination.

as to allow a good security check and efficient running of the facility.

was a crucial issue, since vehicles turning radii, lay-byes and parking lot require enormous

T'he moving and quite zoning was necessary to enhance better working conditions

within the various working sector.

1.7 PLANNING PRINCIPLES AND STRATEGIES
e R ERINANG PRINCIPLES AND STRATEGIES

An important requirement for the effective planning of the site was in the location

57
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The administration and Welfare block were located to screen off the composting

nature from the viewing public.




Generally, the design highlights the building forms and the road network.

11.9 LANDSCAPING

from outside. Before planting starts, planting holes of 1.2m diameter and 0.9m diameter

breaking, dust and smoke absorbing, screening sound, mottling and creation of clean



the building and design intensively.-

A.

£,

D.

TREES

DUST, SMOKE AND WINDBREAKERS

Pinus Hondauransis

SOUND ABSORBERS

Lagerstroemia Speciosa (Queen Flower)

Tectonagrandis (Teak)

SCREENING

Polyscias (Panax) Brundelsin Calcycina

SHADE

Khleinhoria Hospita (Guest Tree)

Adenanthera Pavanina (Bead Tree)

CAR PARK
Milletia Thorningii

Mimusops Elengi

AESTHETICS

Peltophorum Pterocarpon (Rust Tree)

Lagestroemia Speciosa (Queen Flower)

AVENUE

Ruystumea Regia (Royal Palm)







Marketing
Accounts Office
| General Office
| Reception
Sanitary Area

|
[ womor

Working Area

Store Room
Office

Ancillary Area

Working Area 2 T3
Store Room ] o
Sawdust Area

Large Room oy
Washing Area e
Store Room g

Working Area o

Circulation

Quality control . 206
Large Room | g

Washing Area 4.0
Drying Area
Packaging Area
Office

Store Room
Delivering Bay




Changing Room
Sanitary Are;

Store

Sanitary Area

Changing Rooms
Staff Eating

Public Eating

taff
Visitors
Loading Bay
Off-Loading Bay

 Anauay

Circulation
Generators
Transformer
Gate House




/43 resistance to humidity and water;

3. €ase of cleaning;
4. resistance to wear and chemicals;
s low maintenance.

EXTERNAL

Pulling Type | Columns | End Wals | Roof Covering _

Gate House smooth plaster and | solar gard hy-build

masonry water paint over
repellent paint concrete

Restaurant smooth plaster and
SNOW cem paint
Administration |+ ¥

oo |+
T S N W e i
CFnsedpomier |+ | [ o
WaseHmaing |+ | [ o

smooth plaster,

masonry water and
repellent paint

mansory water,
repellent paint
Over concrete

smooth plaster and | smooth plaster and

solar gard hy-build

rubber flex paint
over concrete




INTERNAL

E

Gate House sCreed smooth plaster

and emulsion
paint

R_estaurant and polished terrazzo soft board panels
Kitchen and chip board
Administration timber panels

(t&rg)

Composting | screed | smootnplaer |

Inoculation terrazzo chip board smooth plaster
and emulsion
paint
paint

Crooping | dles | omanosal |
i A R MR e e
' smooth plaster

sCreed chip board
and emulsion

paint

dotes [ e | e

smooth plaster
and emulsion

&



!
h
|

ring main runs round the whole centre.

Sewerage Disposal

Telephone and Telecommunication

— > ViV

Telephone linkages have been provided for use by the administration and the other

sectors.

Air-Conditioning System

The aqua stream system has been used for the production blocks.

Lightning Protegtjo_n

Lightning protection system provided in accordance with local standards installed

on the highest part of each building and linked to a single conductor cable to a copper

ground rod.

Fire Protection and Escape Planning







The Administration Block

Phase Three

The Restaurant

Costing

Floor areas of phasing

Phase 1 = 1492
Phase 2 = 254

Phase 3 = 374

Estimated cost per sq meter =150 000

Cost per phase:

Phase 1 ... ... .4223 800,000
Phase 2 ... ... 438,100,000
Phase 3 ... ... .456]00'000

Total Cost = ¢ 3 18,000,000
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