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1. Introduction
 

This 'technical' progress report supplements the summary
 

progress report (PR/7-October 1982) submitted to the JCC. It
 

covers the period from October 1981 to September 1982, with
 

particular emphasis on the last six months.
 

The work of each of the project groups is described and
 

proposed future plans are as well presented. An outline is given
 

and is complemented with detailed annexes.
 

2. The Engineering Group
 

The work of this group covers:
 

a. Promotional endeavors. These are touched upon in the JCC
 

progress report (PR/7).
 

b. Field demonstration of the biogas technology and assessment of
 

their impacts and other relevant aspects. Their activities
 

in Omar Makram, the newer demonstration village, are described
 

in Annex 1. By April 1982, 3 new family-type units were insta

lled and operated successfully. One of them is shared by two
 

families.
 

The .I-ghlightsof the follow-up work relating to Alanawat
 

demonstration units are outlined in Annex 2.
 

c. Carry out development work and evaluate the technical performance
 

of operating prototypes at the NRC site. Annex 3 entitled 'modi

fication of the Chinese-type digester' describes modifications
 

introduced to improve the performance of the popular Chinese
 

shallow and wide cylindrical model that has evolved from a
 

systematic investigation of the effect of operating pressure.
 

Annex 4 is concerned with the performance evaluation of 2
 

prototypes (Chinese and Plug-flow/Indian) on a comparative basis,
 

both of which were operated at the NRC extension area,
 

The materials covered in Annexes 3 and 4 will be published in
 

the very near future as:
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I. "Rural biogas technology: Effect of digester-pressure on gas
 

rate and Composition"t J.Eng. and Applied Sci., 1982.
 

2. "Performance evaluation of two rural biogas units of the Indian
 

and Chinese Versions," J.Energy in Agriculture, 1982.
 

Future Plans
 

1. Follow-up of the operating digesters at the NRC site as well as
 

the demonstrations villages.
 

2. Development of the NRC site.
 

3. Construction of 2 to 3 family size digesters.
 

4. Design & construction of a large scale digestion unit with
 

heating facilities.
 

3. The Fertilizer Evaluation Group
 

The work of this group over the past year centered on field
 

experimentation at Aihanawat village whereby the digested slurry
 

adsorped on equal amount of silty soil was evaluated versus other
 

mineral, organic and biofertilizers. Nine treatments were employed
 

and their effect on wheat yield and the uptake of different plant
 

nutrients were assessed. Details are given in Annex 5.
 

The treatments embodied: Untreated check plots; !PK, i.e. 

urea-superphosphate-potassium sulphate (100:100:50 kg); biogas 

fertilizer (digested slurry + equal amount of silt) at two rates 

of 5 and 20 tons/feddan; and farm yard manure at 20 tons/feddan.
 

In addition, nitrogen fixing Azospirillum lipoferum was included in
 

the study. The experiments were conducted using the complete
 

randomized plots very close to the site of the family-size digester
 

(the Indian type). Treatments were replicated four times and the
 

results were statistically analyzed.
 

Soil and plant samples were collected periodically for chemical
 

and microbiological analysis. At the time of harvest, the yield of
 

seeds and straw was recorded. Nutrients uptake was determined by
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analyzing the seed yield and the straw for N,P,K,Fe,Mn,Zn and Cu.
 

Results indicated that 5 t/feddan of biogas fertilizer is almost
 

equivalent to 20 t/feddan of farm yard manure; whereas 20 t/feddan of
 

biogas fertilizer give approximately the same yield as the NPK treatment.
 

However, the addition of 20 t/feddan of biogas fertilizer increased the
 

P,Fe,t-n, and Cu uptake significantly than did 20 t/feddan farm yard 

manure, 5 t/feddan biogas fertilizer or the NFK treatment.
 

Future Plans Over the comir.two years will center on an extended
 

evaluation of digested slurry under laboratory-controlled conditions
 

(Pot tests) as well as field experiments in order to assess in parti

cular the long term residual effect of the fertilizer.
 

4. The Parasitology Group
 

This group has joined the project team since the second half of
 

1981. The principal objectiv-e of the group is the selective inhibi

ticn of the viability and infectivity of ova and other resistant
 

stages of parasitic helmint.s and intestinal protozoa commonly found
 

in human and animal excreta which are used as feed material to biogas
 

plants. These include the e-igs of Ascaris, Toxocara, Trichuris and
 

Ancylostoma and oocysts of Eimeria sp., Isospora 2p. and Toxopasma.
 

The group work centered on two aspects:
 

1. Isolation and identification of the most prevailing eggs and oocysts
 

present in the field digesters slurry before and after the anaerobic
 

digestion.
 

2. Study of the effect of sc-e physical and chemical conditions on the
 

viability and infectivity of Toxocara vitulorum eggs.
 

The highlights of the re-sults may be summarized in the following:
 

a. Only Ascaris eggs could resist the anaerobic digestion process in
 

the Manawat (Indian) digester. The number of the recovered eggs
 

was reduced to about 66%.
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b. Concerning the effect of some physical and chemical conditions on
 

the development of T. Vitulorum eggs, it was found that:
 

" 	Though 26-28 C is the optimum temperature, it could withstand low
 

temperature till 4 C and high temperature below 37 C.
 

" 	Dessication was destructive for both embryonated and non-embryonated
 

eggs.
 

" 	 Neither light nor darkness had any effect on their development. 

• 	Immersion of eggs in previously boiled water at. various depths
 

showed declining degrees of development.
 

• 	Disinfectants has an ovicidal effect.
 

" 	Acids, alkali, insecticides, antiheimintic and inorganic fertilizers
 

used exhibited no influence on the development of T. Vitulorum eggs.
 

Details of this work are presented in Annex 6.
 

Future Plans will encompass:
 

a. Follow-up of operating village digesters for the purpose of studying
 

the effect of digestion on the viability of ova of parasitic worms
 

and the cysts of protozoa that may te present.
 

b. Conduct laboratory-controlled investigations to assess the effect of
 

certain important variables and treatments. These will include tempe

rature, time, disinfectants and post composting. This work will center
 

on the following parasites and pathogens concurrently and under the
 

same conditions: Ascaris, Hook worms, oocysts; salmonella, shigella;
 

and Colestridea.
 

5. Pollution Control and Laboratory-scale digestibility studies
 

The progress report of this group over the period from October
 

1981 till March 1982 is given in Annex 7. No work was reported for
 

the period April-September 1982 basically because of the inaccessability
 

of antisera and antigens which are reordered for the fifth time since
 

project inception. No future plans are set for this group till the
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situation relating to the procurement of the antisera and antigens
 

is clarified.
 

6. The Fundamental Microbiology Group
 

A brief progress report is given in Annex 8. Future plans are
 

as well included. Future work will be more specific in nature and will
 

build upon the extensive exploratory work previously conducted. This
 

will be largely confined to investigating the possibility of increasing
 

the rate of the anaerobic digestion process at low temperatures through
 

the use of trace metal promoters.
 

7. The Biogas 'Central Services Laboratory' Group 

This group is located within the Pilot Plant Laboratory of the 

NRC. It corsists of two associate professors supervising all activi

ties and frur full time assisstants (Chemical engineers and Chemists),
 

in addition to one technician and two laborers.
 

Their responsibilities embody: all laboratory preparatory activi

ties prior to equipment installation, receiving the equipment and 

checking their constituents and spare parts, attending the installation
 

with responsible agencies representatives and service men, learning
 

the methods of operating the equipment and carryin the routine analyses
 

required.
 

The whole group attended four specialized training courses in
 

Cairo. The two laboratory supervisors will in the near future take
 

advanced training in U.S.A.
 

Presently, all Phase I ordered equipment has arrived. These are
 

housed in two adjacent laboratories in the Pilot Plant Laboratory
 

building. The Gas cromatograph, Atomic Absorption spect., and the
 

UV/visible spect. are all in perfect operation in the first laboratory.
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Other equipment are currently either under installation or in the
 

start-up phase of operation.
 

Over the period of August-September 1982 saveral analyses for
 

112 samples for the biogas project have been carried out. These
 

included 700 atomic absorption measurements (for trace metals in the
 

fertilization tests), 12 gas samples, and several UV spectrophotometry
 

determinations.
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Annex I
 

DEMONSTRATION WORK AT
 

OMAR MAKRAM VILLAGE.
 

(Engineering Group)
 

Introduction:
 

Omar Makram village was selected as a new-planned village for
 

biogas demonstration. A detailed sociological survey of this vil

lage was carried out by the sociological studies Group, and the
 

results of this survey were presented in an ealier pragress report
 

(PR/04).
 

:t 	was decided to start the demonstration work in this village
 

during thic year (1982), in two stages. The first stage, is to
 

construct and operate a specified number of family-size digesters
 

linked to some properly selected houses.
 

This report presents the sequence and results of the demonstra

tion work of the first stages, whereby three family size, digesters
 

were constructed. One of these digesters was designed to serve two
 

houses, and was intentionally made as a pilot experiment for the
 

comrrnity type digester.
 

I. 	Preperation and orientation steps for the demonstration:
 

Although the sociological survey report served as a base of
 

data and infOrmation on Omar Makram village, it was deemed neces

sary to reinvestigate and up-date the major technical and socio

logical information which are of direct relevance to the demonstra

tion work. Furthermore, some orientation steps have to be taken.
 

The main objectuves of this preparatory stage were:
 

To 	updatc basic information relevent to construction and
 

demonstration work.
 

* 	 To select suitable demonstration sites. 

* 	To choose the appropriate type and size of the biogas plant.
 

To test the attitude of the people with respect to the biogas
 

technology.
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Several visits were made to the village and intensive meetings
 

were held with the village officials as well as some villagers.
 

A number of houses were inspected and pertinent surveys were conduc

ted to collect key technical and socio-economic information. The
 

results evolving from this orientation phase can be outlined as
 

follows:
 

1. With respect to the general structure of the village, considerable
 

changes were noticed from the situation that prevailed during the
 

preliminary visits in the year 1979 and as documented in the
 

previous sociological report.
 

As a new-planned village, the houses were originally designed
 

as one floor buildings in the form of blocks that are separated
 

from each other by wide-enough spaces. Houses were also furnished
 

with a suitable 3e;age system. However, such an original structure
 

has greatly changed. Most of the free spaces and wide streets
 

surrounding the buildings have disappeared and used unofficially
 

as normal housing extensions. Considerable part of the village
 

sewer system was blocked and sanitary disposal becomes now a ser

ious problem. Moreover, some of the houses developed into two
 

floor buildings. in general, the orignial structure is tending
 

to disappear and is reverting gradually to the conventional tra

ditional village structure.
 

The village population has increased considerably. The
 

average family size has grown from about 5 to around 10 persons.
 

Meanwhile, the cultivated area is still the same, with the aver

age land holding of 5 feddans per family.
 

2. The attitude of the village people toward the implementation
 

of the biogas technology was found to be very positive. The
 

newspaper articles, radio and television programs covering the
 

earlier demonstration experiment at AlManawat, was responsible
 

to a great extent for such a ,ositive attitude. Most of the
 

people met during the visits were very willing to have biogas
 

digesters. Similar positive attitude was prevailing among the
 

official leaders of the village.
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3. Apart from the noted increase in the averge family size,
 

the socio-economic status of the village and of the individual
 

families was found to be similar to that described before in the
 

sociological report.
 

4. 	 Through discussions with the village leaders, it was found
 

that labour needed for the project is available in the village,
 

and enough skilled labour can be supplied through the south Tah

rir Co, when the project is to be impleeented on a large scale.
 

The average wages of the respective labour are as follows:
 

L.E./day
 

Normal labour for excavation and 3.0
 

general services
 

Brick -laying 12.0
 

Plastering 8.0
 

Concrete work 3.0
 

. h"ost of the building materials needed for construction is not
 

available directly in the village. Except for the sand and gravel
 

which are widely available in the area, other materials are brou

ght from the ontside, mainly frcm ':enouf about (40 km.) or from
 

Cairo. (about. 100 km.) Sand is available at no cost except trans
3
portation. Gravel can be supplied at 6 L.E./m , Cement at 35 L.E/ton
 

(the official price) and 70 L.E./ton (free market price). Conventional
 

red bricks are available at 40 L.E./1000 pieces. High quality red
 

bricks (extruded) can be supplied from the factory near Ei-Bagour
 

(about 60 km.) at 52 L.E./1000 pieces transportation.
 

II. Sites Selected for the demonstration.
 

For the purpose of a carefull selection of the demonstration
 

sites, visits were paid to a number of prospective houses. These
 

sites were carefully examined, and personal discussions were conduc

ted with the householders to assess their attitudes toward the pro

ject and to what extent they can help in The success of the demons

tration. All of the visited families showed great enthusiasm. They
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indicated their readiness to receive visitors,to understand the
 

technology and to transfer what they learn to the others.
 

Some important relevent data have been collected. These data
 

are presented in Table 1. Also tests for the level of underground
 

water were made at some representative localities of the village.
 

The results of these tests are also indicated in Table 1.
 

Based on the data given in Table 1, together with the general
 

criteria used for the selection of the proper site for the biogas
 

plants, three sites were chosen for the three initial demonstrations.
 

These were decided to be:
 

* 	An Indian unit attached to the house of r. Ibrahim Deiab.
 

This will be refered to as demonstration unit 1.
 

* 	A Chinese unit attached to the house of 11r. Mahmoud El-Sharkawi.
 

(referred to hereafter as demonstration unit 2)
 

A Collective Indian unit attached to both the houses of
 

Mr. Fawzi El-Fekki and '-r. M:ohamed iegab (referred to as zemons

tration unit 3.
 

All the three unito are to be lir,:ed to the animal sheds of the
 

respective house or houses. Unit 2 is also attached to the house lat

rine, since that house suffered very much from a blocked seeerage sys

tem (It was originally piannad to construct a new septic tank for
 

that house to solve these troubles, but these plans were given up after
 

building the digester). The third unit was planned to be a pilot
 

experiment for the cormunity-type biogas plant, where various types
 

of technical and social problems can be noted a a controllable size.
 

All the houses except that of .Ir.Hegab have seperate outdoors
 

animal sheds. That of Mr. Hegab is an indoor animal shed. All have
 

enough space for the construction of the respective biogas unit.
 

III. General social descriotion of the selected families:
 

All the four families are considered as true farmers and they
 

depend mainly on agriculture. Mr. Sharkawi has an additional activity
 



in animal breeding. Rr. El-Fekki is the Omdah of the village whereas
 

Mr. Deiab is a very respected & influencial member of the village
 

community.
 

All the families have previous experience in dealing with 

scientific projects through the More and Better Food project, whose 

successful demonstrations con.,inced them of the benefits that can be 

gained from the adoption of scientific aproaches.
 

All the failie, members ( husbands, wives, unmarried daughters, 

married and unmarried sons, daughters-in-law and so on)live in the
 

same respective house. ost men work in agriculture whereas the 

women and girls are responsible for the house affairs. Most of the 

men can read and write. 

Table 1 su=.-arizes the basic social and economic data relevant 

to the biogas project. 

As 	to the houses, all four are characterized by the following:
 

.	 They are made of red bricks and each has enough number of
 

compartments, a kitchen and a latrine which is directly con

nected to septic tank.
 

SI-ost of the animal sheds are located outdoors on a part of the
 

free areas around the house. Each shed has an area of 6 x 4 m
 

Xr. Deiab constructed a new shed specifically for the new biogas
 

project.
 

The floors of the sheds are conventional earth, and the use of
 

bedding materials underneath the animals was followed. The
 

animals are confined to the shed during night and are allowed
 

to stay in the fields during day. An Exception is fir. Sharkawy
 

who allows, most of his animals to stay inside the shedal most
 

all the time.
 

All the houses have baking ovens, and these are normally fired
 

by maize straw and dung cakes. Kerosene stoves are the conven

tional cooking devices.
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All the houses are supplied with electricity and drinking water,
 

however power failure is very frequent.
 

IV. Design and Construction Work:
 

The pro~ram of the work was planned in such a way as to cons

truct the three digesters sizultaneously in order to maxi ize labor 

utilization and to save time. 

4.1. SizinG of the plants:
 

On the basis of the z.ount of manure available frcm each house 

with a retention tine of 50-60 days, the capacities of the units were 

estimated as follows: 

i 	 . For unit 1 : (For Xr. Ibrahim Deiab) 

The farmer owns 2 full grown cows, one larCe and 2 z-all 

calves, and one dcr:ey. The animals :Cpnd about i of the day 

inside the shed. Therefore, the nnure a,. ailablQ per day is 

equal to (2 x 15 - 1 x 10 + 2 x 5 + 1 x 3) x 35 K./day, 

with about 16% solid contant. Fcr a feed of E zolid content 

the amount of daily input wosd be 70 ;. 

Therefore a 5 N, digester voluze wculd be ... ab cor
 

this case.
 

ii . For unit 2 : (For .r. Kah'oud E!-Sharkawi): 

For this case, the digester is to be operated on a small 

fattening station. The number and age of the calves are cont

inously changing and so does the anount of manure. However, 

an average of 8 calves is considered per-inant. With an average 

daily manure production of 10 kg for each, a total of 80 would 

be available. The human excreta from the latrine is estimated 

to be about 4 kg/day. Therefore the total daily feed would 

amount to about 170 kg. 

Therefore, a 9 m' digester will be suitable for this case.
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iii. For unit 3 : (For both Mr. E-Fekki & Hegab)
 

The digester is to be connected to the houses of both
 

farmers. Mx. El-Fekki owns one water buffalo, one cow, one 

small calf and a donkey; whereas 'Kr. Fegab o;wn.s 2 water buffalos, 

2 cows, 2 calves and a donkey. The anizals stay in the shed
 

about j of the day.
 

The total manure available will tb 

(3 x 20 + 3 x 15 + 3 x 10 1 2 x 3) x 94 kg/day 

Thus the daily feed would be about 19C' k-/day. Therefore a 

10 M.3 digester will be suitable for th s case. 

4.2. Plant layouts:
 

Figs. 1,2 and 3 show the layouts of units 1,2 and 3 respecti

vely. The location of the respective did:ezter! is based on the a!

-lowed free space as the land i.s relat v e...',.zive (residential 

area). The slurry piping system is 6 ast2zto5 cement pipes, 

with small chamber connections to allcw fcr any change in pipe 

direction. The gas lines from the digesters to the water traps 

(for units 1 & 2) are Z " steel pips 4hile those frc : the traps 

to the turners and also the whole line o: unit 2 is a H polyeth

ylere hose embedded in hard & thin PVC pi.pes as casing. For each 

animal shed there is a mixing chanber to .-.ix the feed. This feed 

is received from the concrete floor of the shed through sloping 

channel.
 

The digested slurry overflows from the digester to a rectan

g'ilar effluent storage tank. 

4.3. Digesters description: 

All the digesters constructed are of the conventional origi

nal Indian or chinese designs with slight modifications to suit the 

particular sites. These modifications are:
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1. For the Indian digesters, they were made wider and shallower
 

than the orginal with a .:arti~ion wall to avoid the problem of
 

underground water and also the unstable nature of the very
 

loose sandy soil. 

2. The levels of the feed and dischange openirs are '.ade lower
 

near the ground levels since the digesters are connected to 

anim.a! sheds and to allcw sufficient slope for gravity flow 

of the slurry. 

3. The wall of the digester was made thinner since high quality 

brit: with vcry good mechanical propertie2s was used fcr cons

tructin. This affects some savinG in the construction cost. 

4. Frcm the previcus experience of the "enwat e:,pcri:-,nt,it is 

clear that a Cas ,holder of capacity 30-43', of the daily Eas 

volu.-e is quite sufficient. Therefore a shallower ,as holdcer 

,:as used which can also cntr iute to the cost saving. ?o 

account for the decrease in 0eig::tof the £as -oier and -nce 

the decr. i ' c:" gas ,r.s!x,:'., a tray was u ed .nthe roof of 

the holder which can be filled either with water or :and. 

5.--or the Chinese digester, most m-difications ref2rred to in 

the previous report(f'/6) regarding the desiCn of the dischar,-e 

chanber for pressure control,reduction of gas losses and self 

overflow of effluent were also incorporated in this desijn. 

6. Because of the instability of the loose sandy soil, it was 

very difficult to cast the bottom of the digester in a dished 

form. Therefore such a floor was -ade flat with an equiva

lent increase in volume of the cylindrical part. 

7. The dce of the digester was made usiag scaffolded supports.
 

This could save material and labour time the conventional
 

Chinese technique.
 

Figs.4 to 6 show the detailed drawings of the digesters
 

1,2 and 3 respectively.
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4.4. Some Construction Troubles:
 

Although the construction work of the three digsters was achie

ved according to the planned schedule, yet one has to refer to some
 

of the major troubles faced during the constructicn. These are:
 

1. 	During excavation, it was very difficult to Co deep to the required 

depth because of the very unstable sandy soil. N:early three times 

the required excavation voluze has been removed. Because of the 

limited space of the site it was i.pccsIt._c to approach the angle 

of repose of the sand. 'Ioreover, it was noot practical at the sites 

to use any kind support 'al withoutof wall or fixaticn encrmcusly 

increasing the construction cost. For t!-iz reason, the depth ":as 

limited to the maximum possibly attairable depth. 

BEecause of the previcus problem, the required precalculated depth 

of 	digester 3 cculd not be reached. As .- holder has already
the as 


been fabricated with the required diameter, it was not possible
 

to achieve the required 10 n3 diC-ter vlume throu-h the i.cr.... 

of its diameter. Tlherefore, this diester was undersized to about 

7 m3 only. 

3. 	 Because of the relatively lcr.g distance betWen some of the arimsl 

sheds and their respective digesters, it was difficult to maintair 

reasonable slopes along the whole length cf the piping system. 

V. 	Construction Cost Estiration:
 

,he estimation of the construction costs of the three diges

ters is based on the actual existing situatien of the three selected 

sites. The costs of the building materials as well as that of labour 

are 	true values existing at the village.
 

Table 2 represents the estimated amount of construction materials, 
tools and appliances for each of the three biogas plants. The ran

power needed for each step of digester construction is also indicated. 

Table 3 sumnarizes the construction costs of the three plants. 

The 	costs include beside the construction of the digester itself, all
 

lfiore
Rectangle
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other 	necessary connections needed for the whole plant. These include
 

the 	site preparation, animal shed modification, pipe co.nections, and
 

gas-use appliances. Distribution of these costs among the different
 

parts 	of the plant are given in Tables 4,5&6 for Units 1,2 and 3
 

respectively.
 

It has to te mentioned here that the construction costs of the 

above digesters are far beyond the pre-estirmated costs, or even thoze 

costs of digesters previously const:.rcted at "anawat Villag:e. This is 

tecause of the following: 

1. 	The gas holders have been fabt-icated at cre of the public sector'. shops 

with about 20,1 extra cost than the es.imated one. 

2. 	lost contruction r-aterials including the bricks, cement, pip'25, 

gas holders ..etc were transported from far distances to the 

*village. The tranzportaticn costs of thece naterials - which arQ 

already included in the above estimates - were relatively high. 

2. 	Th ,, , -cancez tetween the tiez-tr sites an" the resic 'tive "Ousez 

are relatively long. This required the use. of ln pipi.i. systems

for both the flow of feed slurry and the gas. 

'i 	 c-= .... :, ?. THE DIGESTERS 

(a) 	Start Up:
 

Feeding of the three digesters started according to the
 

following:
 

Unit I I0th April 1982
 

Unit 2 10 th April 1982
 

Unit 3 h April 1982
6
 

The 	manure needed for the initial loading was bought from the
 

Animal Breeding Farm of the village. Units 2 and 3 sere fed gradually 

so that they reached the full concentration after about 10 days, 

whereas unit 1 received a heavy initial loading of cow manure together 
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3
with about I m of poultry manure which was available at that site.
 

The full loading of this unit was within 2 days.
 

Build-up of gas pressure started after 7 days for unit 3, 10 days
 

fcr unit 2 and 7 days for unit 1. However, burnable biogas could be
 

available after 14 days from start for unit 3, 18 days for unit 2 and
 

35 day 'or unit 1. The delay of biogas liberation frcm unit 1 could
 

bt either from the excessive loading rate which might have disturbed
 

the equilibrium during the initial stages of the digestion, or it
 

may have resulted from inhibitory action of antibiotics that could
 

have been present with the poultary manure. However, follow-.up of
 

the oij of the digesting slurry of this unit during this initial period 

did not show any abnormality. The pH ranged between 6 and 6.5 during 

this period.
 

(b) Regular Operation:
 

After passing the initial period, each digester received its
 

crganic feed regularly on a daily basis. The three digesters received
 

the manure and urine coming out from the shed after being diluted to
 

the required concentration and well mixed. Digester 2 also receives
 

the discharge from the house latrine. The overall management techni

que of each digester is quite similar to the case of "anawat described
 

in the previous report (PR/6).
 

Except for some slight operational problems, all digesters per

form reasonably well since the time of start till the time of writing
 

this report.
 

(c) Some Operational Troubles:
 

Although the respective farmers were well trained on how to
 

Operate and manage their digesters, some minor troubles occured mainly
 

as a result of neglecting some of the operational instructions. These
 

troubles are summarized as follows:
 

http:follow-.up
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1. 	Excessive dilution of the feed slurry: The farmers being quite
 

happy with their new clean animal shed, they washed the floor
 

of the shed with water much in excess of that required for opti

mum slurry dilution. As a result of this, dilute effluent disch

arged from the digester and lower gas rate -as produced. This
 

problem has been solved through giving strict instructions to
 

the ladies and training them on the proper management of their
 

animal sheds.
 

2. 	In some instances, irregular gas pressure occured due to water
 

condensation in the rubber hose. This problem was solved by
 

teaching the people how to drain this condensate.
 

3. 	In scme of the digesters, the water present as a seal in the
 

U-tube of the condensate trap has partially evaporated and resulted 

in some gas leakage. This was solved by adding make-up water to
 

the U-tube.
 

4. 	Unit 1 suffered frequently from a thick semi-dried slurry at the
 

annular space between the digester and the gas holder. This
 

happened mainly fron leaving the slurry unstirred for a long time.
 

However,strict inszructicns were given in this regard.
 

5. 	For Unit 3, some social conflicts have arisen between the ladies
 

of the two families. Each tried to consume more gas than the 

other, and each blamed the other for any operational problems of 

the digester, particularly that due to the excessive dilution 

of the feed slurry. 

(d) 	Performance of the Digesters:
 

After the start-up period, the three digesters performed reaso

nably well. No quantitative data have as yet been collected due to
 

the lack of measurement devices at the village. However, after rece

ntly furnishing these digesters with the appropriate devices, regular
 

evaluation of the digester performances can be made. Starting from
 

September 1982, the three digesters are connected to gas meters to
 



- 19 

measure the gas consumption by each family. A local technician is
 

now appointed at the village and is given the responsibility of
 

daily follow-up and data collection. Xeanwhile, members of the team
 

continue to supervise these follow-up activities through biweekly
 

visits.
 

VII. Some Preliminary Assessment Of Social Impacts:
 

As it has been mentioned before, the village people were well
 

oriented toward accepting the biogas technologLy. ost of the people
 

heard much about the benefits of the technology, and were very wil

ling to have the demonstration at their houses.
 

After the digesters were put into operation, the people could
 

realize and feel directly the great benefits of the biogas technology. 

Considerable .em.t n ,, was noticedthe envircriment particularly 

in the areas where tne manure was piled or stored. This manure is now 

replaced by digested slurry. Consequently, bad smells and breeding of 

flies and insects are prevented. .The hcuses tecame much cleaner and 

healthier and milking of cattle became easier through the modification 

of the animal sheds. The use of the gaseous fuel also added to these 

improvements. 

The area being a reclaimed sandy area, had made the use of the 

organic fertilizer, particularly the digester slurry,ot' great value. 

Therefore, people showed great interest in handling and storing the 

digester slurry carefully. 

Visitors to the demonstration sites, either from the village 

itself or frcm neighbouring villages were also very interested and 

satisfied by the outcome of the demonstration and asked to built
 

some other demonstration digesters at their o',n areas. They were
 

very eager to see the biogas technology being implemented on a
 

wide scale in most villages.
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The use of the concrete-floor sheds had considerably reduced
 

the time and efforts allocated for the animal sheds. This had
 

reduced the tedious and costly operations of bedding and cleanirg
 

the animal shed. 'oreover, considerable free tinie could be saved
 

for the family members to be used in other economic activities.
 

The people of Tahrir Area are i_,igrants frcm other areas of
 

the Nile Valley and still have relatives in their ooriginal home 

areas. As such they can and actually do convey the results of the 

demonstration experiments being carried at Cmar :akram to their 

relatives, and therefore this can help in the propagaion of infor

mation about bioa= technology to other Covernorates.
 



Table 1: ilasic data on 10 sample families in Omar flakram. 

Family !size Land Cattle Fuel connumptions/month. space water Table 
Name Adult Junior' (Faddan) Large :;nal 1 Ker'o:;enie Butal-as Straw available (M) 

(it) cyinder & cake. 

1) Ibrahim Delab. 6 6 10 3 2 60 - v. Suitable 3.70 

2) Mahmoud EI-Sharkawi 11 3 5 17 - 40 - v. Suitable 

3) Said ac'kat 7 5 5 2 2 60 - Suitable -

4) Ahtmed flegab. 7 6 5 6 - 40 - Suitable -

5) Saied EI-Gabzri 10 6 5 5 - 100 - v. Suitable 2.80 

6) Abdel-Razik Hlawash 11 5 5 4 1 20 2 Suitable 3.45 

7) Abdel-Aziz Badawi 11 6 5 3 3 40 1 

8) Zakaria Asaad. 4 2 5 2 3 40 - Suitable -

9) Fz i*:yVI-Fekki. 6 4 5 4 1 60 v. Suitable 3.20 

10) NO, -~ied iIeijab. 5 3 5 5 2 60 
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Table 2: Iaterial 	and Man-power Estimates
 

Unit 1 Unit 2 Unit 3
 

£xcavation Work: 

3
Digester pit .1 10 25 15 

Effluent tank " 3 3 3 

Piping " - 2 1 

2ackfiiI I it 3 10 3 

Floor of anial shed 6 6 12 

22 46 34
 

Av. M1/man-day 	 2 2 

Total man days 	 11 23 17
 

Concrete .;rk:
 

ase of digester 0.25 0.83 0.48 

-naseof inlet 0.06 0.06 0.12 

Ease of outlet " 0.05 0.06 0.05 

i.,;ester ledge " 0.60 - 0.30 

Cover and over dcme - C.60 

4 es fixation Suppcrts 0.05 0.10 0.10 

7-or of animal shed 2.50 2.50 5.00 

:oral concrete with 10". excess 4.0 4.6 7.2 

gravel 	 3 4.0 4.6 7.2 

3Sand 2 2.3 3.6 

Cement kg. 1000 1150 1800 

Av. 3/.t an.day 1 1 1 

Total man days. 4 5 7 
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3. Brick Work:
 

No.of bricks for:
 

Digester 


Inlet chamber 


Outlet chamber 


Effluent tank 


Piping connections and others. 


Total with 1C excess 


Mortar for bricks M 


and 


Cement ?S 


• 3 

AV..'o Of brick laying/,..n-iay 
Total ran-days 

4. Pasterin;; : 
-,2 

Surface area ,, 

Mortar for plaster:ng M 

Sand 11 

Cement Kg 

Lime M' 

Ferric chloride Kg 

Na-Silicate Kg 

2 
Av. N /man-day 


Total man-days. 


Table 2: Cont.
 

Unit 1 


1000 


115 


25 


460 


150 


1900 


1.2 


1.2 


480 


-


500 

4 

25 


0.25 


0.25 


167 


-

1.7 


6 


15 


2 


Unit 2 


1170 


115 


170 


460 


200 


2330 


1.5 


1.5 


600 


0.10 


500 

4.7 


30 


0.30 


0.30 


200 


0.03
 

2 


6 


15 


2 


Unit 3
 

1100
 

230
 

25
 

460
 

250
 

2270
 

1.4
 

1.4
 

560
 

-


500 
4.5
 

27
 

0.27
 

0.27
 

180
 

1.8
 

6
 

15
 

2
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Table 2 


5. Piping:
 
It 

Asbestos-Cement pipes 6 I 


Steel pipes with fittings M 


Thin PVC pipes 15 m:. M 


Poly-ethylene hoses 


Rubber hose 

II 

Valves 


6. :.etal Parts:
 

Gas holder 


Port for feed chamber 


Mixer for feed chamber. 


7. Gaz a:liances: 

Burner 


-laz '=.a' 

ce!',e~ane-us: 

Test for level of undergaound water 


Iron rods for concrete K. 


Paint for gas holders .
 

Wood form for dome 

Cont.
 

Unit 1 


10 


12 


5 


15 


4 


1 


1 


1 


2 


1 

-

2 


-

Unit 2 Unit 3 

20 22 

1 12 

20 20 

30 40 

- 5 

11 

- 1 

1 2 

1 2 

2 4 

1 .1 

v 
5 

-2 
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Table 3 : Construction Costs 

Unit 
Price 

Unit ! Unit 2 Unit 3 

L.E. amt. Cost amt. Cost amt. Cost 

A. Materials: 

Gravel M3 6 4 24 4.6 28 7.2 43 
Sand P 1 3.5 4 4 4 5.3 5 
Cement Ton 35 1.65 58 1.95 68 2.54 89 
Bricks 1090 66 1.90 125 2.33 154 2.27 150 
Lime . 28 - - 0.13 4 - -
Fe CIg 3 1.7 5 2 6 1.8 5.5 
Na-Si2icate 11 6 6 6 6 6 6 
Cement pipes 6 8 10 80 20 160 22 176 
Steel pipes a" 2 12 24 1 2 12 24 
Plastic pipes 1, 0.2 5 1 20 4 20 4 
P.E. hoses V 0.2 15 3 30 6 40 8 
Rubber hoses V 2 4 8 - - 5 10 
Valves N"Mo 5 1 5 1 5 1 5 
Gas holder No - 1 425 - - 1 450 
Port M.o 10 1 10 1 10 2 20 
"ixer '0 10 110 1 10 2 20 
Eurner 5 2 10 2 10 4 20 
Gas lamp
Misc. 

Mc 
-

2 
-

1 2 
16 

1 
16 

2 4
16 

816 495 1055 

B. Labour 

Excavation '.an day 3 11 33 23 69 17 51 
Concrete work 4 4 16 5 20 7 28 
Brick work 13 4 52 4.7 61 4.5 59 
Plastering 11 2 22 2 22 2 22 
Pipe layin " 3 1 3.0 2 6 2 6 
Plumbing - - - 7 - 2 - 7 
Misc. - - - 10 - 10 - 10 

143 190 183 

959 685 1238 
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Table 4: Construction costs of Unit 1 (itemized)
 

A. Maaterials: 

Sand M 

.emen.t Ton 
Lime 3 

Ericks 1000 

Ferric chloride Kg 

ium Silicate 

Cement pipes 6 
F, 

Steel pipes X 

Plastic pipes H 

Folyethylene hose," 

.,uter hcse 
, 

H 
,N0 

a! , 

Das hsooe;N 0 

. ' r fed 
>M.:er for feei .N ° 

zu-'e:r' 0° 

.3a5 lar p U0 

:'.iscellaneous 

. Labour 

zacavaticn & Back filling Man days 

Concrete work " 

Brick work " 

Plastering 

Pipe laying ",-

Plumbing "-

Miscellaneous " 

Total man days. 

Cost in L.E. 

Digester 11nimal Shed Pipe Conection 

amt. Cost amt. Cost amt. Cost 

1.25 7°5 2.75 16.5 - -

2.5 

0.962 

2.5 

34.0 

1.5 

0.688 

1.5 

24.0 

-

-

-

-

1.75 115.0 

1.7 5.0 

6 6.0 

6 48.0 

-.-... 

. ... 

- -

4 8.0 

1.,es1 5.0 

1 425.0 

1 10.0 
1 10.0 

-... 

. -. 

-

.... 

.... 

-

-

.... 

.... 

.... 

....

-

-

-

0.15 

4 

12 

5 

15 

1 

10.0 

32.0 

24.0 

1.0 

3.0 

0.0 

2.0 

7.5 - 4.5 4.0 

8 

1.25 

3.7 

2 

-

24.0 

5.0 

48.0 

22.0 

10.0 

3 

2.75 

-

. 

-

.-

9.0 

11.0 

-

.. 

-

-

0.3 

1 

-

-

-

4.0 

3.0 

7.0 

792.0 67.0 100.0 
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Table 5: Construction costs of Unit 2 (itemized)
 

Digester Animal Shed Pipe Conection 

amt. Cost amt. Cost ant. Cost 

A. Xateriais: 

Gravel N. 1.82 11.0 2.75 16.5 - -

Sand M3 2.5 2.5 1.5 1.5 - -

Cement Ton 1.172 41.0 0.628 24.0 0.09 3.0 

Lime M3 .25 7.0 - - - -

Bricks 1000 2.11 139.0 - - 0.22 15.0 

Ferric chloride V 2 6.0 - - - -g 
Sodium silicate K 6 6.0 - -

,, g 

Cemcnt pipes 6 M 2 16.0 - - 13 144.0 

Steel pipes M- . 11 2.0 

Plastic pi2.es . .. .. 20 4.0 

Polyethylene hose H .. .. 30 6.0 

Pubter hose N .. .. .. 

.'aII.e sX I1 1 5.0 .... 
N0 . 

Pcrt cr feed 1 ° 1 10.0 .. .. 
ier f1-1 eed N.0 1 10.0 . .. 

Murner N0 - - 2 10.0 

Gas lamp N0 ..- 1 2.0 
"iscellaneous - - 7.5 - 4.5 - 4.0 

B. Labour 

icn & acavaack filling Man days 1.9 57.0 3 9.0 1 3.0 

Concrete work " 1.8 7.0 2.75 11.0 - -

Brick work " 4.2 55.0 - - 0.5 7.0 

Plastering " 2 22.0 . . . 

Pipe laying - - - - 2 6.0 

Plumbing - - - - -

Miscellaneous " 10.0 - -

Total ran days 412.0 67.0 206.0 

Costs in LE. 
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Table 5: Construction Costs of Unit 3 (itemized)
 

Digester Anita Shed Pipe Comection 

aimt. Cost a.mt. Cost amt. Cost 

A. -aterials: 

Gravel 

Sa: 

Cement 

i e 

13 

3 

Ton .3 

1.7 

2 

1.1 
......-

10.0 

2.0 

39.0 

5.5 

3 

1.375 

33.0 

3.0 

48.0 

-

-

0.06 
-

-

-

2.0 
-

Ericks 

Ferric Chicride 

od ium Silicate 
. 

:e pipes 6 

Steel pipes 

PKast-c pipes 

Poly ethylene hose 

.7 e .ho e 

.N 

, J'N' 

?c:'t :or feed 

.xer" :or feed 

... .... 

3as !amp 

.i 1cei1anecus 

1000 

K 

K 
g 

>. 

M 

M 

I'l 
0 

N ° 

N ° 

0 

N0 

-

2.0 

1.8 

6 

6 

. 

. 

-

5 

1 

1 

2 

2 

.-

-

132.0 

5.5 

6.0 

48.0 

. 

. 

-

10.0 

5.0 

450.0 

20.0 

20.0 

7.5 

-

-

-

-

.. 

.. 

-

-

-

-

.. 

.. 

-

-

-

-

-

-

-

-

-

4.5 

0.27 

-

-

16 

12 

20 

40 

-

.. 

.. 

4 

2 

-

18.0 

128.0 

24.0 

4.0 

8.0 

-

20.0 

4.0 

4.0 

.Latcu:" 

Excavation & Back filling 

encrete work 

Brick work 

Pl-astering 

?ipe laying 

?umbing 

Yiscellaneous 

May days 11 

1.7 

4 

2 

-

-

33 

6.0 

52.0 

22.0 

-

-

10.0 

6 

5.5 

-

-

-

-

18.0 

22.0 

-

-

-

-

0.5 

-

2 

-

-

-

7.0, 

-

6.0 

7.0 

878 128 232 

Cost in L.E. 
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Fig. 3 Omar Makram Pilot Communal Unit layout with the connection to 

the two sharing houses. 



1o iet 

I 

40 - Rm. cm- -4 13 

Fig. 4 Omar Makram Modified Indian type digester (5 m3 ).
 



FMp 

4 oD3Ou-let Drnbn 

Fig. 5 Omar Makram Modified Chir~oe type digester (9m3) .
 

c 



MrKIng chamber 
*L- * 77
 

Dim in cm 

13 -4 1O1 - - - - - - -212 ........ . .. il0 . Dim. i cm
 

Fig. 6 Omar Makram Pilot Communal Unit of the modified Indian type. 
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Annex 2
 

Follow-up of the Demonstration Units
 

at Al-!anawat Village
 

(Engineering Group)
 

I. The modified 1.ndian type digester.
 

The unit operates well and very much according expectations.
 

However, it should be noted that during the winter season, espe

cially FebrJary, the slurry temperature was low and went down to
 

about 16 C. !ccoringly, te as prduction rate exhibited a 

sharp drop. Only about 0.5 m3/day was obtained during this month. 

Such amount of gas is less than one fourth the production rate du

ring August. This means t'at increasing the digester volume or
 

cperating cn a relatively long retention time (95 days) can not
 

lead to a stisfactory solution. It appears, therefore, that the
 

most effective solution would evolve from increasing the temperature
 

of digestio:n by any means.
 

The unit was operated properly by the farmer. Some troubles
 

were noticed and were solved and the farmer was trained to solve
 

such proble=.3 in the future. The main troubles were: 

1. CloggirZ of the gas sr iices leading to improper functioning 

of ,,e gas-use devices. This was solved by cleaning the ori

fices. 

2. Sticking of the gas holder due to the formation of strong scum 

layer. This was solVed by addition of water and proper mixing 

by thews 1older body on a daily basis. 

3. Losses of the gas through the empty water-trap due to water
 

evaporation and neglect of make-up.Addition water was added
 

to the required evel in the water-trap.
 

4. The clogging of the gas line by the condensate water. The
 

condensate water was removed and the system operated well.
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2. Chinese type digester
 

The digester continues to operate without any troubles.
 

The produced gas is utilized for operation of gas-use devices
 

for demonstration purposes. These include: a gas stove, a
 

heater, a lamp and a gas refrigerator. The daily gas production
 

is low and th .s is mainly due to the insufficient and non-regular
 

feeding. Due to such irregularities in digester feeding, its
 

performance data could not be determined.
 



Annex 3
 

Modification of the Chinese-type Digester
 

(Engineering Group)
 

Village-type appropriate biogas technology has undergone
 

major developments particularly in China and India. The Chinese
 

fixed-dome digesters are less expensive to build since they do not
 

incorporate a moving gas holder. However, they have some disadva

ntages. Among these, the following may be listed:
 

1. The gas pressure can be as high as 100 cm. water-column. This
 

relatively higher pressure than that of the Indian type which is
 

normally in the order of 10 cm. water column, imposes more
 

demanding constructional techniques and precautions and may
 

adversely affect the overall efficiency of the plant.
 

2. The gas pressure is constantly varying which does not permit
 

efficiency maximization of gas-use devices.
 

2. An appreciable amount of gas is lost, mainly from the outlet chamber. 

Numerous publications concerning the various aspects of biogas
 

technology have appeared in the recent literature. Surprisingly 

enough, the effect of the digester operating pressure is totally 

ignored. Therefore,a study was conducted to clarify the effect of 

digester pressure .n gas rate, composition and losses. An attempt 

was also made to increase the efficiency of the Chinese-type diges

ters by developing a modified outlet chamber design.
 

A shallow and circular Chinese type digester was used for the
 

study. A small size unit of 5 m volume was operated on water buf

falos dung of 9-1C% solids concentration. The retention time was
 

held at 40 days.
 

The digester pressure was fixed at a given level by forcing the
 

gas liberated to pass through a water-column resistance according to
 

the required pressure. Thus the gas pressure inside the digester
 

was held constant duri.... all the experiment duration. The gas 

liberated after reachng the required pressure was steadily vented 

to the atmosphere. :he experimental unit is shcwn in F1g.1. 
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Fig. I. The 5r digester and experimental set up. 
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Since the operating pressure limits of the Chinese type dige

ster are usually between 0-100 cm watercolumn, the range of 3-70 cm,
 
watercolumn was used in this study. The digester was allowed to
 

operate for some days after changing the pressure to reach steady
 

state conditions, after which the volume of the gas liberated per
 
day was measured using a gas meter. The gas volume liberated at the
 

predetermined pressure head was measured for 3-4 days, and a mean
 

value was taken. One sample of the gas at each pressure was analysed
 

by chromatography. The conditions of the experiments are given in
 

Table I.
 

The gas production rates obtained at different pressures are
 
given in Table 1 and are shown graphically in Fig. 2. The volume
 

of gas obtained per day decreased with increasing pressure. The
 

gas composition was also affected by increasing the digester pres
sure. 
 As seen from Fij. 3, the methane content increased by inc=
reasing the digester pressure reaching a maximum value of about 

76 % at a pressure of 55 cm watprcolumn, after which the methane 
content tends to have a constant value. This can be attributed 
*to the increase in carton dioxide dissolution in the liquid slurry 

with increasing pressure. Thus, the noted decrease in the amount 

of gas obtained is partially compensated for by the increase in
 
the methane content (the main zombustible constituent of biogas).
 

It should be noted also, that increasing the pressure inside
 

the Chinese-type digester, increases the dead slurry volume present
 
in the outlet chamber. Since the gas generated from this portion
 

of slurry is generally not collected, and would thus represent a
 
loss and contributes to the prevailing decrease in gas production
 

rate. Evaluation of the effect of this parameter on the gas rate
 

is therefore very important and is further discussed below.
 

The typical family-size Chinese-type digester used in this 
study is shown in Fig. 1. At zero pressure, the level of the 

slurry is the same in both the digester and its outlet part. At 
this condition, in the Chinese design, the slurry height in the
 

outlet chamber ranges between 48 cm for the 6 m" digester and 64 cm 

in the 12 m digester. :n the 5 m3 digester used in the present 



Table 1. Effect of dige3ter pressure on gas rate, composition and losses. 

Operating conditions Gas production Gas cornprsition,, volume Methane Gas Methane Total 

P 
cm man lig Tem2p0oC 

m3 /day
Prsue Tm.m/ 

3/ 3 . 
a Hc 

14 2 
13
2 

prodn. 

m /day 

losses 
3 

m /day 

losses 
3 

m /day 

methane 
3 m /day 

3 74 1 23 - - 53.51 145.95 0.54 .... 

7.5 744 22.5 0.958 0.238 61.66 38 0.314 0.590 0.055 0.034 0.62', 

20 755 22.9 0.883 0.223 64.78 33.44 1.78 0.572 0.067 0.043 0.615 

3 767 23.2 0.828 0.214 75 .42 214.113 0.15 0.6211 0.083 0.062 0.686 

55 780 24.0 0.758 0.201 76.58 23.36 0.06 0.580 0.098 0.075 0.655 

70 785 24.0 0.717 0.195 74.91 25.01 0.08 0.537 0.105 0.078 0.615 
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study, this height was equal to 30 cm, which is very close to the
 

similar Chinese design.
 

If the level at zero pressure is taken as the datum line, then
 

as soon as some gas is liberated and collected in the dome, the 

pressure inside the digester is increased, forcing the slurry from
 

the digester to the outlet chamber. Accordingly, if the liquid
 

level in the digester decreases by a height (hd), the same slurry
 

volume displaced will increase the liquid height in the outlet cha

mber by (h ), (neglecting the feed line due to its small volume).
 

Let, digester diameter = dd, outlet diameter = do
 

2 I
h
- 2
then ,-- . dd hd d h (1)" 

2

d 


0 
or , h :h (2)
 

dd
 

2 
d 

The digester gauge pressure 6P = h h h + h (3)
d + o 0d2 .0
d
d
 

dd22d (2.34)2
 

or, h : P d d bP (2.2 0.87aP (4)

d2
d2 (2.34)2 + (0.9)2dd 0
 

The dead slurry volume = (-. d ) 0.3 -d- 2 . h (5)
4 'o 4 0o 

The dead slurry volume = (0.19 + 0.55 N P) m3 (6)
 

Using Equation (6) the dead slurry volume was calculated at the
 

different values of operating pressures employed.
 

The gas losses from the ouLlet chamber at different operating
 

pressures are estimated on the basis of the dead slurry volume and
 

the gas production rate. The results are given in Table 1. They
 

clearly indicate that the gas losses are appreciable and increase
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with the increase of operating digester pressure.
 

Table 1 indicates small change in the total amount of methane
 

available from both digester and that estimated from the outlet cha

mber, and is not appreciably affected by changing the pressure. The
 

small deviations in these results can be attributed to the effect
 

of minor operating temperature variations and/or probable small er

rors in gas sampling and analysis.
 

Thus, it can be concluded that the variation of digester pres

sure in the mentioned range does not affect the fermentation process.
 

The outlet chamber design appears to be a major cause of gas losses.
 

It 	follows then that attention should be focused on the need for
 

developing a new modified outlet chamber capable of minimizing the
 

gas losses. A possible mcdification can be based on decreasing the
 

amount of dead slurry in the cutlet chamber, while keeping the same
 

effective gas holding capacity of the digester.
 

The 	Key ideas in.the proposed modification is:
 

First: the dead slurry volume at zero pressure in the Chinese
 

design is quite high and can be eliminated totally. Thus, the datum
 

line should lie at the bottom of the outlet chamber, or a little
 

lower (atout 10 cm.). The main disadvantage of this modification is 

that some difficulties can exist in case of manual discharging of 

the daily effluent. *however, these difficulties can be avoided either 

by discharging manually at the time of high pressures or by self flow 

of slurry through a specially designed overflow at the required pres

sure (discussed later).
 

Second: Change the constant cross section of the outlet chamber
 

into variable one with the smaller diameter at the bottom. Such a
 

design is expected to be suitable for the family size digesters of
 
2 

volumes in the range of 5-12 m and is shown in Fig. 4.
 

The 	main advantages of this design are:
 

1. 	Decreasing the dead amount of slurry at low operating pressures,
 

thus increasing the digester efficiency.
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2. At very low pressures (OP / 20 cm H20), the liberation of even
 

the smallest amounts of gas inside the digester can very quickly
 

affect an increase in gas pressure, thus assisting the functioning
 

of the gas use devices which would otherwise be inoperable.
 

3. At moderate pressures ( ,P = 30 - 50 cm H2 0), the gas liberated
 

and stored, slowly increases the gas pressure, i.e., the gas
 

pressure becomes more stable.
 

Hence, an increase in the efficiency of the gas use devices can
 

be attained, it is worthy to mention in this context that the
 

inherent low combustion efficiency of the system and which is
 

considered as one of the main disadvantages of the variable
 

pressure digesters can be partially overcome.
 

4. The cross section and heights of the chamber ports can be adjusted
 

in such a way as to minimize gas losses with the required holding
 

capacity of gas, while still sustaining more efficient gas combu

stion.
 

Generally, for fixed dome gas holders the gas-use devices are
 

designed to operate at high pressure. If the operating pressure is
 
+10
 

taken : 40 +10 cm water-column, then we can define the effective hol
-20


ding capacity as that volume of gas which is available for utiliza

tion at any moment, i.e., the volume of gas available at pressures
 

higher than 20 cm watercolumn. The gas volume present at lower
 

pressures cannot be used and thus, does not play iny role in the
 

effective gas volume. 

The effective volume of gas stored was calculated for the dif

ferent designs based on the above definition by considering the
 

effective gas holding capacity = 0 at P = 20 cm watercolumn. The
 
3
volume of gas holder at zero pressure was taken equal one m . Fig

ure 5 shows that the modified design (cylindrical shape) de:reases
 

sharply the digester pressure while keeping the same effective
 
3
 

gas holding capacity. Thus, for the storage of 0.2 m gas, the gas
 

pressure in the modified design is 39 cm. H20 compared to 49.5 cm
 

H20 for the typical Chinese design. Increasing the stored gas
 

volume to 0.3 M3 , affects an increase in the gas pressure to reach 
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49.5 cm. H20 in the modified design compared to 64 cm. H2 0 in the
 

typical Chinese design. Hence, Partial stabilization of pressure
 

is attained. Figure 6 illustrates the gas losses calculated for
 

the modified design compared to that of the typical Chinese design
 

at the same gas holding capacity. A sharp decrease in the gas
 
" losses can be noted for the-. .modified design, especially at low and. 


moderate gas holding capacities (0.1 - 0.3 m3 for the small family
 

size unit).
 

It seems to the authors, that this study is the first one to
 

stress on the gas losses from the Chinese type digesters. Very
 
recently however, it was reported that the Janata type digester
 
which is an Indian modification of the Chinese fixed roof digester,
 

produces gas of 20-25 % less than the Indian moving gas holder des

ign. This low gas production rate can be attributed mainly to the
 

losses from the outlet chamber. Based on the above findings, two
 
digesters of the Chinese type were built and in which modifications
 

were incorporated. A 10 cu. m digester with modified outlet Chamber
 

was built in Manawat. The outlet chamber consists of two main parts:
 

the lower is a small diameter cylindrical section which allows
 

relatively rapid response to pressure variations, and the required
 

operating pressure is attained during a comparatively short period.
 

The upper part is ellipsoidal in shape which assists the stabiliza

tion of gas pressure, while keeping the required gas storage capacity.
 

The datum line (P 0) was chosen at h = zero. The modified cha

mber is illustrated in Fig. 7.
 

Another type of the modified outlet chamber is shown inAnnex 1
 
The digester was built in Omar Makram. The main characteristics
 

of the outlet chamber are:
 

1.The datum line (6P : o) was chosen at 10 cm lower than the 

chamber base (ho : - 10 cm). Due to the negligiL:- cross-sect
ional area of the outlet pipe compared with the digester area,
 

the gas pressure can increase from 0 to 10 cm H20 spontaneously.
 

I
 i! i
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2. The diameter of the chamber is 95 cm. Thus dd/d 3 which
 

0 

allows for high storage capacity of gas.
 

Development of the effluent-discharge system: In the chinese
 

type digester, the daily slurry effluent is emptied either manualy
 

or by using a pump. The frist method is felthy and requires a lot
 

of daily work for removing the effluent. Te second method is clean,
 

but would be uneconomical in most cases.
 

For these reasons an overflow system for the effluent was deve

loped. The system consists of an overflow pipe fixed in the outlet
 

chamber at such a level to attain the required gas-holding capacity. 

At the designed rnximum gas pressure the slurry level reachas the
 

overflow pipe and then flcws outside the chamber. 
 The system was 

designed to start the effluent overflow at a pressure equal to 60-70 

cm 20 and to cease at pressure of 65-75 cm "!2 

The modified overflow system has been f.;nctloning in the two 

units for a relatively long period without any troubles. 
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Annex 4
 

PERFORMANCE EVALUATION OF RURAL BIOGAS 

UNITS OF THE INDIAN AND CHINESE VERSIONS 

(Engineering Group)
 

In the context of endeavors to devolop biogas technologies
 

appropriate to Egyptian rural areas, Indian and Chinese designs
 

appear to be foremost candidates. The aim of the present work is
 

to assess the perfor.ance characteristics of two family size pro

totype units of the Indian and Chinese versions with particular
 

reference to their potential suitability to prevaling village con

ditions.
 

The C,,inese unit used in this investigation is 5 m3 in size and
 

is almost an exact duplicate of the original Chinese shallow and
 

wide cylindrical model. The second prototype, on 
the other hand, is
 

a modified version of the horizontal vertical Indian model. Its
 

slur'y-holding volume is about 7 m . Both units were operated over 
long enough periods to allow an evaluation under reascnably compara

ble conditions and that would provide a fairly close representation
 

of t1.ose an:icipated in the actual village circ4imstances. 

The units used for this study are illustrated in Fig 1 and 2, 

and are given in details earlier in Reports. 

The two prototype units were constructed side by side at the
 

National Research Centre extension site. They were operated under
 

similar conditions to those expected in rural areas. Hlowever, the
 

two units were not operated simultaneously. The Chinese unit was
 

operated simultaneously. The Chinese unit was operated during 1980
 

year while the :ndian unit was operated mainly during 1931 year. 

Both units were operated without any external heating. ;%'ater buffalo 

dung at solids concentration of 9-11% was used as feed stock. The 

digester was fed daily with the required amount of slurry according 

to the selected retention time. The feed was prepared by mixing the 

fresh dung, with equal volume of water. Accordingly, the slurry
 

concentration varied in the range of 9-11% total solids. The organic
 

matter was in the range 70-77% while the C/N ratio 
was about 20 to
 

25-1.
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The key parameters affecting the performance characteristics
 
of bot, Indian and Chinese type digesters were studied and evalu

ated on a comparative basis. These included: the digester tempera

ture and its variation with natural ambient conditions; inherent
 

design features; as well as the effect of temperature, retention
 

time and internal flcw patterns on gas production rates and organic
 

matter digestibility. 

4.1. Digester temperature
 

Variation oC tem.-perature inside the digester with natural ambi

ent conditions was followed up for long enougn periods to indicate 
the major seascnal f'fects. The temperature meaurements in the 

Indian prototye - at the centre of tle ve:'t:cal section.ere taken 

in th_, case :,]:v ,:e 'rctotype, Measurements were :-ade in the 
middle cf itown>.3.tre in 

_he tcmp eratres Lttained in the Indian typc digester during one 
whole year xerattrn reflect the effect of the seasonal continuous 
variations of a..erent temperature. Tile curve exhi.its a minimum value 
during F'ebruary and max:imum during August. The slurry temperature 

changed over the range from 17 to :9 C. Thus, the mean temperature 

during the year is atout 23 C. 

ur-nj the test ;oried, the daily average ambi2nt temperature 

ranged tetween 10 to 2- iK for the cold winter season and 33 to 40 C 
for the uzne:- season. The soil temperature varied in the range 
16-23 C during paze Such sharp Jail ythe period. Pfctuations, 

partiuiaray throughout the winter season, are t.2lieved to te of a 
considerable adverse effect on tne digester gas productivity. 

Comparing t.e Chinese and Indian types, it Can be noticed that 
the shape of curves are similar (Fig.3) However the temperatures 

attained in the hinese type digester are slightly higher than those 
for the indian type, the difference being about 0.5-1 C. Though the 
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measurements were not carried in the same year but during two con

secutive years, these results tend to indicate the comparatively
 

better insulation properties of the Chinese-type digester. 

The distribution of temperature in the vertical section of the
 

Indian type digester was measured in the centerline at different
 

elevations. The axial temperature profile obtained during '.*ay is
 

shown in Fig. 4. The temperature was lowest at the bottom and
 

increased steadily with increasing height. About 2 C difference 

was observed. A lower variation about 1 C was noticed in the case
 

of the Chinese-type digester.
 

4.2. Effect of design and operating parameters on gas production
 

rate.
 

4o2.1. The Effect of Digester Design
 

The gas production rates of the Indian and Chinese type 

digesters are illustrated in Fig. 5. The Indian type digester was 

operated at retention time of 38.4 days and pressure of 12 cm. water 

column. The Chinese-type digester was operated under conditions 

nearly similar. The retention time was 35.4 days. Though the normal 

Chinese-type digester is characterized by its variable gas pressure, 

for comparative purposes, the digester was operated under a constant 

pressure of 7 cm. water column. 

Thre gas rates per unit slurry volume were calculated on the 

basis of the active slurry volume, which is defined as that confined 

volume which attributes to the daily gas production rates. Thus,
 

the slurry volume exposed to the atmosphere was not considered.
 

The results obtained at different temperature for both types, 

as depicted by Fig. 5, manifest that the gas rates from the two 

types, and at the same temperature are almost the same. The small 

difference in gas rates can be attributed mainly to the small dif

ferences in operating pressures and retention times.. 
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The obtained results tend to clarify the controversial issue
 

of whether gas production rates of Chinese type digesters are lower
 

than those of the Indian types. It seems that, at the same tempera

ture, differences are only due to the differences in active slurry
 

volumes. Since the Chinese-type digesters, operate normally under
 

variable pressure, their active slurry volume would not be constant,
 

but would vary with pressure. The effect of pressure on gas produ

ction rate is studied and the results are given in Annex 3. This
 

particular work showed that the increase in gas pressure is accompa

nied by an increase in the gas losses, and a decrease in the active 

slurry volume. Therefore the total gas production rate decreases 

with increasing the pressure. it was also noted that the gas lcsses 

can be minimized by small modification in the outlet ch-'--er design. 

The gas producticn rate of Janata-tyoe diester s,. -an
 

Indian modification of the fixed roof ,hin,, type ,' . -,as
 

reported (-io;gas Newsleer, 1981, to be ess than that of the mov

ing gas holder type by about 2C-26%. The r Qlati ._yhigh .. -erence 

in gas rate-, seers to be predominantly related to the tesign of the
 

cutlet chamber of the digester. 

'.2.2. Effect of the Retention Time 

The Indian-type digester was operated at three retention times:
 

38.4, 57.5 and 95 days respectively. Long retention times were stu

died because of their relevency to two main cases in Erypt. The 

first is related to the prevailing relatively low temperatures of
 

fermentation and accordingly the need for long periods t5 obtain
 

reasonable conversion of organic matter. The second case, is the
 

frequent lack of raw materials supply which also is quite cotton in
 

Egyptian rural areas. This case also mandates high retention times 

to obtain the maximum possible conversion of organic matter. 

The digester was operated continuously and the retention time
 

was thanged periodically. Steady-state was assumed to be attained
 

after one retention time. 1.-easurements were carried out at steady

state condtionc for a sufficient period to explore the effect of
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temperature which changed slowly as 
a result of ambient temperature
 

variations. It is worthy to mention that due 
to the continuous
 

change of temperature, an actual true steady state could never be
 

reached. However, the assumed "practi,:al" steady state, which can 

be reached after one retention time is more valuable, as 
it reflects
 

the actual case for operation of such digesters i:i 
rural areas.
 

The gas rate per .nit slurry volume exhiited a high decrease 

with increasing the retention time from 38.1, to 95 days as illustra

ted in F4ig. 6. Hcwever, the amount of gas liberated per unit weight 

of organic .7atter has increased with increasing retention time. 

4.2.3. Effect of temperature
 

-- e :as producticn rate increased sharply wit,, increasing 

temperature. .his zan be noted frcm Figure 5 and 6 for both the 

Indian and ,.h'nesc t1-e testers. The sharp Increaze in gas pro

duction with in2rease in temperature was repcrted previously by many 

inve sti :atcr s 

2esults obtained could tbe empirically correlated by the relaticn: 

4 (temp.)Xv ..


Where 

3
vg Vomlume of gas liberated, m /M .day 

temp.= temperature of slurry in the digester, C. 

The exponent x varied in the range 2.S-2.9 according to the 

digester type an, rtention time. Thi3 varat1:. may be due to the 

high sensitivity to emperature and the temperature gradient present 
in both digesters. Thus, a mean value of 2.7 can be taken as expon

ent for this relation.
 

7
 
V = (temp)2.g 
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Table 1: Performance characteristics of the Indian type digester. 

Operation cond' s 
g1 rate age or3'inic gas composition 

Temp. C Retention 
3 

in3 
3 3 

n 
rratter conver

time,days 3 
in .day kg.dig.day kg.rolid2 fed 

Sion. 
C0 

17.3 38.4 0.107 0.2 0.04 27.8 

19.5 38.4 0.152 0.25 OOob 32.1 66.48 36.97 0.55 

27.5 57.5 0.305 0.43 0.143 46.7 56.71 43.29 0 

28.7 57.5 0.330 0.155 

18.5 95 0.086 0.18 0.08 33 57.0 43.0 0 

22 95 0.11 0.13 0.098 51.8 
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4.3. Gas Composition
 

Some typical gas compositions in the case of the Indian
 

type digester at differnt operating conditions are given in Table 1.
 
The methane content varied in the range 52-66'3; carbon dioxide 37-48%,
 

hydrogen 0-0.9%. The gas composition for the Chinese-type digester
 

case was found to be dependent on gas pressure as discussed in Annex 3
 

the actual case of operating variable pressure, the gas composition
 

varied in the range 53-58,. methane, 37-43% carbon dioxide and ' -3 
hydrogen. Cue to the overlapping of different parazmeters in r.his 

study, it was difficult to assess the influence of other variables.
 

4.4. Organic matter digestibility
 

The apparent efficiency of organic matter digestibility for 

the Indian type digester Is g-ven in Table 1. However these results 

are only indicative because of the interaction of other factors rela

ting to variations in digestion temperatures and feed material. 

Nearly similar results were obtained for the Chinese type digester 

as given in Report (PR/4). 

4.5. Residence Time and internal Flow Patterns
 

Actual flow patterns and mixing characteristics of real 

digesters would vary considerably acccrding to their design. A 

valuable approach for the characterization of internal 'low. behaviour 

and for assessing its extent of dev,-aticn fo the two ideal extremes 

of either perfect mixing or plug flow is .crovided through determina

of residence-tie.iondistritution. Anomalous f1cw behavio,-r can 

result from numerous sources of deviation :'rom ideal models. The 

major problems are crannelirg, dead volum- and bypassing. etermina

ticn of the residence times in the exit stream is a useful indicator 

and enjoys worthwhile applications in biological reactor design and 

analysis. Exit age distribution is also of particular imortance in 

connection with the effect of anaerobic digestion on pollution 

control and patnog;ens kill rate. 
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A number of stimulus response techniques can be used to deter

mine age districutions.Pulse-response experiments were carried out
 
in this work employing a novel tracer and monitoring technique which
 

is sLmpie and readily applicable to tests undertaken under rural
 

conditions.
 

A plastic r.ateiral whose specific gravity is approximately the
 

sam.e as that of the digester (1.05) was used as the tracer. It-con

sisted of cli derical beads, each havin.. a length of about 7 r. and 

weights 0.015 gin. Cn mixing wit the slurry, these teads could be 
uniformly spread without exhibiting noticeable settling or floating 
over long pe- ods of tire. :hus, this material reasonably fulfills
 

the requirements ,f a tracer as it does nct react in the digester and 

at the sa m tlme is detectable at srmll enouch concentration without 

disturbing the transport and physical proprtier of t.e digester con

tents. 

t the beinnin of the a o 1.66' tracerexperiment, c,'Ise con
centration was Lnjected into the feed ztre-m. ccncen!rat4cn of 
the tracer in the effluent was subsequently followed uf "or a period 
of about t ,eo.retical retention tn-es. On a -all y plastic,_ 

beads in the effluent were collected by sieving and washino, after 
which th; were dried -and weighed to determine the ex-t tracer concen

trn. u, xperimental.... data on ex:it-ace or resi nce-time dis
riutionwu take th form of discrete values of tracer concentra
tion measured at successive one-day time intervals after the introdu

ction of the tracer.
 

The actual mean residence time (t) can then be determined froma 
the following equation:
 

4
 
t C-(t) t 

a </ C(t) t 
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Where: 

t is real time
 

C(t)= tracer concentration in the effluent at time t.
 

6t = time increment.
 

The effective digester volume Ve can then be calculated using the
 

equation:
 

Ve = tA*a v 

Wh dre 

v =the volumetric flow rate 

It should be noted that ta, the actual mean residence time is
 
different from the ncminal or theoretical retenticn time t calcula

ted on the tasis of the total digester volume V by the equation:
 

t
 

The effective digester volume V is expected to be smaller than
e 
the actual digester volume V because of the gas cidus and internal 

dead volumes. 7t was estimated in some studies thIat only about one
third of tihe volume is used for actual diesztion in che case of sewage 
treatment plants. The remainder of the space is occupied by stabilized 

solids, supernatant fluid, scum and gas.
 

The exit-age distribution (E-curve) for the Chinese prototype 
digester is shown in Figure 7. This represents pulse-response curve 
in which the dimensionless tracer concentraticn in the effluent C 

is plotted against dimensionless time 0 = 
t 

, where: 
C 
0 

C is the exit tracer concentration at time t
 

C0 is the initial tracer concentration
 

0 is the number of residence times (or the reduced time),.
 

is the nominal or theoretical ratention time
 

= 35.4 days. 
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Fig. 7. Effluent tracer ccncentration from the Chinese type digester 
operated at 35.4 days retention time. 
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The actual mean residence time t was calculated to be about
a 
14 days, which is cnly about 0.4 of the theoretical retention time.
 
Such a large difference can be explained in terms of the presence of
 
relatively large dead volumes which decrease the effective volume of
 
the digester. In addition to the effects of gas holdup, sediments
 

and the scum layer, the geometrical config-jration of the digester
 
itself relating to such aspects as 
feed inlet and product withdrawal 

placement, ccrners and internal structural el.,-ts leadincs to 
stagnaticn zones. 

The residence-time distribution (F-curve) .s shown in Figjre 3. 
Thi is calcualted from the exit tracer co.ce.tration-time data by 
graphical integration. -uch information can be ized directly for 
modelin. mixing efcts on digeter perfor-mance. ttr, ,ise, various 
ccmbinaticns rf ida m-4els, ' may be mploy in sL-nulaticn of nonideal 
behavior. A reascnable model for the Chinese prottype digester could 
invol.e a om-,n of a dcersed -catcr with a !arce 
dead volume c aut 6 of the diester volume. 

:he E and cur'ves for the modified .ndi-an prototype digester 
are show. in Figjres ).and 11. The actual mean residence time was 
calculated to be about 23 days, or around 1.4, the theoretical 
retention time. Thus, tne dead volume-though lower than the case of 
the Chinese diiester-is still considerable. Decause of tie more 

complex nature of his. di-_ester, being a composite desi..sn, the e:it
age distr t ut l cn e bi aor of an anomalous .ape. ore tan 
one peak appear', exist which is indicative of channeling or short

circuitic imulation of ti tp d Sfs od Irore, 

necessitate a me ela brate -mode invo'lC dissersed plug-flo4, 

channeling and a dead vo1ume. 

In essence, and t-eeouahnthese tracer studies .d analysis. their 

and treat.men entail a certain degree of over simplificat icn, they 
do uncover a very irportant finding relating to the very large dead 
volume existent i btht types of di.esters. Since the o'iztal inve
stment cost -s a function of the size of di,,ester, andr zce a! only 
fraction less than half the volume of the d.g7ester is acti'!y 
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utilized, it appears that design modificants are strongly needed
 

to increase the chance of biogas technology propagation in rural
 

areas.
 

4.6. 	Suitability of Chinese and Indian tenchnologies for the
 

Egyptian conditions:
 

The main advatage of these two kinds of technologies is the
 
possibility of ccnstructing small units suitable for the Egyptian
 

rural families. Though, the Chinese type is cheaper than the 
Indian, it is more difficult to construct and operate. 

The 	 major limitation of these types of technologies with regard 
to their appropriateness and therefore their potential use under
 

Egyptian conditions can be summarized in te following:
 

1. 	Fluctuation of the slurry temperature depending on the season.
 

This leads to sharp drop. in the gas production rate during 
winter to less than half its value during sumer. 

2. 	 The relatively large underground depth needed. This causes 
constructional difficulties because of the presence of high 
water table in most of the rural areas. This prevailing high
 

water table, also, decreases the heat insulation capabilities
 

of such digesters. 

3. 	The presence of relatively large dead space which results in
 

lower conversion efficiencies.
 

4. 	Both types of digesters requires a comparatively large space 

for unit construction and effluent treatment, which may be 
not available in most of the rural houses. 

In order to overcome these main difficulties and limitation,
 
two design which may hold good promise are now under development.
 

The first is what nay be called the plug flow digester. This
 
digester is just a horizontal large pipe of concrete or plastic
 



- 73 

material as available, with an inlet from one side and an outlet
 

from the other side. The pipe is embedded in the earth. The upper
 

part of the pipe is slurry-free for gas separation. The produced
 

gas can be stored either in rubber tyres or in conventional floating
 

gas holder. The details of the family size unit of this type are
 

illustrated in Fig. 11. The digester can be located totaly under the
 

animal shed and accordingly there will be no need for large free space
 

for its construction. if needed, and specially for large digesters,
 

the unit can be connected with solar heater (or other heatingsource)
 

for 	maintaining the temperature at a reasonable level.
 

The second is the contralled-temperature minidigester of about 

r3 volume is estimated to produce about I m3/day, which is suffici

ent for small rural family. The digester is to te furnished with a 

solar heater. The heating medium circulates by natural convection. 

The main advantages of this digester are: 

1. 	A small space area is required for the unit erection.
 

2. 	Constant and sufficient gas production during surz=er and winter
 

season.
 

3. 	The high operating temperature would result in an almost com

plete elimination of parasites and pathogens, thus rendering
 

the effluent suitable for animal feeding.
 

Thus it can be Concluded that:
 

- Gas production rates from Chinese and Indian type digesters are
 

almost the same, if operated under the same conditions.
 

- Sharp drop in slury temperature was noticed during the winter
 

season, and accordingly the gas production rates decreased to
 

less than half those prevailing during the surrmer season.
 

- Large dead space was noticed in both types. The mean actual
 

retention times obtained using the pulse tracer technique was
 

found to be less than half the theoretical retention time.
 

- Two digester designs are proposed to overcome most of the 

difficulties and limitations associated with both the Chinese 

and Indian types of technology in the rural Egyptian setting. 
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Annex 5
 

Work Conducted by the 

Fertilizer Evaluation Group 

Soil Microbiology Laboratory 
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Yield reponse of wheat to fertilization with
 

biogas slurry and some other fertilizers:
 

Summary 

A field experiment at El-Manawat village was conducted to evaluate
 
the effect of two rates of biogas slurry (5$20 t/fed.) on wheat yield
 

and nutrient uptake as compared to fertilization with farmyard manure
 

and NPK. Nitrogen Fixing Azospirillum was included in the study to
 

evaluate whether it could be stimulated in their .N-fixingcapacity by
 
the manuring treatments. The obtained results could be summarized as
 

follows:
 

1. 	There were no significant differences in yield between the treatment 

receiving 20 t/fed. of biogas slurry and rhe !:FK treatment. 

2. 	The treatment of biogas slurry at the rate of 5 t/fed. gave almost
 
the same yield increase obtained with the application of 20 t/fed.
 

farm-yard manure.
 

3. 	Significant differences in grain yields (at 5% level) have been
 

recorded tetween the two rates of biogas slurry.
 

4. 	The N-uptake by whea crop was significantly higher in the treatment
 

receiving 20 t/fed. slurry than those armended with 5 t/fed. slurry
 

or 20 t/fed. farmyard manure. The fertilization with the urea
 

treatment gave in.significant increase in N1-uptake compared to
 

20 	t/fed. slurry.
 

5. 	The fertilization with 20 t slurry/fed, increased the K-uptake
 

significantly than 20 tiarmyard manure or 5 t slurry/fed.
 

6. 	The addition of 20 t/fed. slurry increased the P, Fe, Zn, 'n and
 

Cu uptake significantly than did 20 t farmyard manure, 5 t slurry/
 

fed. or NPK treatment.
 

7. 	The inoculation with Azosoirillum in both fertilized and unfertilized
 

treatments did not show significant increases in the yield or the
 

N-uptake as compared to the uninoculated treatments.
 



- 77 -

Yield response of wheat to fertilization
 

with biogas slurry and some other fertilizers.
 

I. Objective:
 

This study was carried to evaluate the biogas slurry versus
 
other mineral, organic and biofertilizers in relation to their effect
 

on the wheat yield and the uptake of different plant nutrients.
 

X*
Materiais and Methods:
 

A field experiment at El-Manawat village was conducted to study
 

the effect of digested slurry on wheat yield and nutrients uptake
 

(gn/ptt) as compared with ordinary farmyard manure and urea. Nitrogen
 
fixing Azospirillum Aipofcrum was included in the study to evaluate
 

whether they could be itimulated in their -fixing capacity by the
 

manuring treatments. :he experiment was carried out using the complete
 
randomized plots at the site of the digester. The plot was 1/800 feddam
 

(5 m ) and the treatments were replicated four times. The treatments
 

are 	as follows:
 

1. 	Untreated, check plots.
 

2. 	Un~troated plots - seeds inoculated with Azospirillum.
 

3. 	1CC Kg urea + 1CC Kg superphosphate + 50 Kg potassium stlphate/feddan. 

4. 	I00 Kg urea & 120 Kg superphosphate + 50 Kg potassium sulphate/ 

feddan + seeds inoculated with Azospirillum. 

5. 	5 tons/feddan biogas slurry mixed with equal quantity of silty
 

soil (Chemical analysis is given in Table 1).
 

6. 	5 tons/feddan biogas slurry mixed with equal quantity of silty
 

soil + seeds inoculated with Azospirillum. 

7. 	20 tons/feddan biogas slurry mixed with equal quantity of silty soil. 
8. 	20 tcns/feddan biogas slurry mixed with equal quantity of silty
 

soil - seeds inoculated with Azospirillum.
 

9. 	20 tons/feddan ordinary farmyard manure (Table 1). 

Organic manures, superphosphate and potassium sulphate were applied
 

during the preparation of the soil before sowing. Urea was applied in
 



Table (1): Chemical analysis of organic manures used.
 

Con3tituents 


Organic carbon % 

Total nitrogen % 

NH4-N % 

NO3 -N 

Available phosphorus % 


Total phosphorus 


C/N 


Farmyard 


manure 


5.769 


0.583 


0.015 


0.002 


0.016 


0.054 


9.895 


Spent slurry + 

silt 

12.065
 

1.240
 

0.209
 

0.003
 

0.188
 

0.354
 

9.731
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two equal doses, before the second and the third irrigation (30 and
 
45 days after planting). Seeds for treatments 2,4,6 and 8 were
 

inoculated by N-fixing Azospirillum. The inoculation was done by
 
coating the seeds with gum arabic and peat carrier with very high
 
density of Azospirillum Cells.
 

Soil and plant samples were collected periodically from each
 
treatient for chemical and microbiological analysis. The 11-fixing 
Azospirillw were enumerated throughout the growth season. 
 At the
 
time of harvest, the yield of seeds and straw of every plot was
 
recorded. The nutrients uptake (gm/plot) was determined by analyzing
 
the seed yield and the straw for ,?,K,Fe,!n,Zn and Cu.
 

III. 	Results and Discussion:
 

1. 	 Population dynamics of Azospirillum in soil and thizosphere:
 

The natural population of Azospirillum in the soil ranged between 
9-23 x 10) during the plant growth period (Table 2). The inoculation
 
with Azoscirillum combined with the use of other 
fertilizers induced
 
incr 4n the numbers of this organism in bothe Li:zoshere and
 
non rhizozpr-ere soils. The increases 
were particularly high at the
 
early growth stage of the plants (10-20 days). 
:o specific stimulation
 
has been observed due 
 to the effect of biogas slurry application. The
 
stimulation is likely due to the rhizosphere effect rather than the
 

fertilizer. At the end of the growth season 
(90 days), the counts of
 
Azospirillum dropped sharply in all the treatments. 
 These decreases
 
in numbers may be attributed to the decrease in root exudates at 
this
 
late growth period and to the dry condition of the soil at harvest time.
 

2. 	 Yield response of wheat to fertilization with biogas slurry and
 

some other fertilizers:
 

Data in Table (3) illustrate the yield response of wheat 
to 
the fertilization with biogas slurry, farmyard manure and urea as 
well 	as inoculation with U-fixing Azospirillum either separately or
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in combination with other fertilizers. The application of all ferti

lizers including the biogas slurry induced significant increases in
 

both grain and straw yields of wheat. The highest grain and straw
 

yields were recorded in the area treated with the combination of urea
 

and Azospirillum. The fertilization with 5 tons of biogas slurry.gave
 

the same yield increase as the 20 tons of farmyard manure. No signi

ficant differences in yields have been found between the treatment
 

recieving 20 ton of biogas slurry and that recieving 100 Kg of urea. 

However, significant differences in grain yields (at 5%1level) have 

been observed between the two rates of biogas slurry application either
 

alone 	or in combination with N-fixing Azospirillum,
 

3. 	 Effect of the fertilization with biogas slurry and some others
 

fertilizers on the nutrient contents and uptakes.
 

Data in Table(4) show that fertilization with urea or 20t
 

slurry increased the nitrogen contents of seed and straw yields over
 

those treatments of 5t slurry, 20 t farmyard manure 
and the. check treatments.
 

The urea treatment gave insignificant increase in N-uptake (as
 

g/)ot) compared to 20 ton slurry treatment. The nitrogen uptake by
 

wheat 	 crop was sijnificantly higher in the treatment receiving 20 ton 

slurry than those amended with 5 ton slurry or 20 ton farmyard manure. 

The 	 oct f seeds with N-fixing %zosirillamin both fertilized 

and unfertilized treatments increased the N-uptake Insignificantly
 

than unincculated one. :he N contents of seeds "%)and straw of wheat
 

was not affected by the inoculation with Azospiril!zm.
 

Data in Table (5) show that the organic manures increased the
 

phosphorus contents 
in seeds and straw of wheat. The addition of 20 ton
 

slurry/feddan increased the P-uptake significantly than did the
 

chemical fertilizer, 20 ton farmyard manure or 5 ton slurry. The
 

farmyard manure treatment increased the P-uptake significantly as
 

compared to the 5t slurry treatment. The inoculation with N-fixing
 

Azospirillam did not affect the P-content or uptake.
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Data in Table (6) show that the fertilization with different
 

manures increased the potassium uptake by wheat over the control.
 

The fertilization with 20 t slurry increased K-uptake insignificantly
 

compared to the routine chemical fertilizer (NPKI and significantly
 

than 20 t farmyard manure and 5 t slurry. The K contents of seeds and 

strow were not affected by the inoculation with Azospirillum.
 

Tables (7,8,9 and 10) show the effect of fertilization with biogas
 

slurry and other fertilizer on the Fe,Zn,Mn and Cu contents of wheat. 

The addicn of 20 ton bicgas slurry increased the micronutrient (Fe,Zn, 

,n and Cu) uptake significantly than did chem-.ical fertilizer, 20 ton 

farmyard manure and 5 ton biogas slurry. No significant differences 

in Zn,.n,?Fe and Cu uptake have been found between the treatment recei

ving 5 ton biogaz slurry and that receiving 2C ton farmyard manure. 

Generally, ,ert i-Ilzatin with 20 ton biogas slirry was more effective 

in increasing Fe,2n, and 'n concentration in wneat grains as compared 

with routine chemical fertilizer. The inoculation with N-fixing 

Azospirillum did not affect the micronutrient contents or uptakes by 

wheat. 

Future plan of work: 

During the next two years the group will te studying the residual
 

effect of biogas digest-ed slurry in fresh form or after its treatment
 

for longer storage periods. This work will be conducted in parallel
 

pot and field Omar t.lakram) experiments. Other chemical and organic
 

fertilizers wil be included in the study for comparison.
 

Also, Following up of the fermentZtion progress in the Omar 

>.akram digesters will be carried from the standpoinL of potential 

fertilizing Yalue. 
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Table (1) 	Survival of Azospirillum in soil and rhizosphere of wheat as
 

affected by application of biogas slurry and other fertilizers.
 

(Counts /3. soil)
 

Time in 	 Untreated Fertilization treatments
 

days soil Azospirillum Azosp.+ Azosp.+ Azosp.+
 

urea St slurry 20t slurry
 

Soil x 103
 

10 9 300 400 300 500
 

20 9 230 220 151 1200
 

90 23 5 6 11 16
 

ihizosphere x 10
4
 

10 5 3300 3100 2100 1500
 

20 82 1040 3400 1366 4150
 

90 1 6 3 4 4
 

R/S
 

10 6 110 77 70 30
 

20 90 45 150 90 35
 

90 	 0.4 1 5 4 3
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Table (3): Yield resp-ise of wheat to fertilization with biogaz, slurry
 

and some other fertilizer (.g/plot) 

Treatments Straw Seeds 

Untreated soil 

Soil + Azospirillum 

Soil + urea 

Soil + urea + Azospirillum 

Soil + 20 t F'h. 

Soil - 5 t slurry 

Soil + 5 t slurry + Azosp. 

Soil + 20 t slurry 

Soil 20 t slurry, Azosp. 

6.15 

6.75 

13.60 

15.00 

10.30 

10.30 

11.40 

11.40 

11.70 

1.3 

1.5 

3.2 

3.7 

2.5 

2.3 

2.6 

2.9 

3.2 

L.S.D. 

L.S.D. 

(1 03) 

(5 %) 

3.5 

2.6 

0.9 

0.6 

' Area of plot 5 m2 1/300 feddan. 
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Table (4): 	Effect of fertilization with biogas slurry and soM other
 

fertilizers on the nitrogen content and uptake of wheat.
 

N 	 N - uptake ;J/plot 
Treatments: 

Seeds Straw Seeds Straw Total 

Untreated soil 2.48 0.64 31 36 67 

Soil Azospirilum 2.43 0.61 34 39 72 

Soil urea 3.67 0.68 88 82 171 

Soil + urea + Azosp. 3.41 0.09 92 85 177 

Soil + 20 t FYMI 2.95 0.68 62 58 120 

Soil * 5 t slurry 2.64 0.64 58 54 112 

Soil + 5 t slurry + Azosp. 2.70 0.66 62 58 120 

Soil , 20 t slurry 3.20 0.81 82 81 163 

Soil + 20 t slurry + Azosp. 3.11 0.78 84 83 168 

L.S.D. 1 5 9.6 6.2 13.4 

L.S.D. 5 6.6 4.3 8.7 
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Table (5) : Effect of fertilization with biogas slurry and some other
 

fertilizers on the phosphorus content and uptake of wheat. 

P P - uptake ; s/plot 
Treatments: 

Seeds Straw Seeds Straw Total 

Untreated soil 0.199 0.088 2.39 4.60 6.99 

Soil + Azospirillum 0.175 0.093 2.45 5.23 7.68 

Soil + urea 0.288 0.099 6.91 11.98 18.89 

Soil . urea + Azosp. C.260 0.098 6.98 11.95 18.93 

Soil + 20 t FY1.-, 0.252 0.120 5.30 10.80 16.10 

Soil + 5 t slurry 0.219 0.090 4.83 8.15 12.98 

sOil + 5 t slurry + Azosp. 0.208 0.090 4.79 8.40 13.18 

Soil + 2C t slurry 0.263 0.177 6.83 17.74 24.37 
Soil + 20 t slurr, + Azosp. 0.273 0.170 7.37 18.05 25.42 

L.S.D. 1.66 2.45 3.16 

L.S.D. 5 1.22 1.31 2.35 
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Table (7): 	Effect of fertilization with biogas slurry and some other
 

fertilizers on zinc content and uptake of wheat
 

Zn, ppm 	 Zn-uptake ; mg/plot
 
Treatments: 

Seeds Straw Seeds Straw Total 

Untreated soil 20 34 36 180 216 

Soil + Azospirillum, 28 30 34 173 207 

Soil + urea 27 18 64 219 283 

Soil urea , Azosp. 25 18 68 215 283 

Soil 25 26 52 268 321 

Soil + 5 t slurry 24 28 52 260 312 

Soil + 5 1 slurry + Azosp. 24 27 55 256 311 

Soil 2C t slur-y 
. 1
30 34 77 248 425 

Soil - 20 t slurry + Azosop. 28 30 75 327 402 

L.S.D. i18 28 38 

L..D. 5 % 5 2 
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Table (8) : Effect of fertilization with bicgas slurry and some other
 

fertilizers on mznganeSe content and uptake of wheat.
 

Mn, ppm. .:n-uptake ; mg/plot
 
Treatments:
 

Seeds Straw Seeds Straw Total
 

Untreated soil 
 8.7 6.5 10.4 34.C 44.4
 

Soil + Azospir-illum 7.0 5.8 
 9.8 32.2 42.0
 

Soil + urea 
 9.8 3.1 23.6 37.8 61.4 

Soil + urea + Azosp. 8.6 3.1 23.3 28.0 61.3 

Soil + 20 t YMO 11.8 4.3 24.£ 43.2 68.0 

-oil + 5 1- slurry 11.8 5.1 26.1 46.6 72.7 

Soil + 5. t slurry + Azosp. 10.6 5.0 24.4 46.5 70.9 

Soil + 20 t slurry 14.1 5.3 36.8 52.9 
 89.7
 

Soil + 20 t slurry + Azosp. 13.1 5.2 25.5 56.2 91.7
 

L.3S.. 1 
 4.S 7.7 10.0
 

L.S.D. 5 N 3.2 5.3 6.9
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Table (9): Effect of fertilization with biogas slurry and some other
 

fertilizers on Cupper content and uptake of wheat.
 

Cu, ppm Cu-uptake ; rg/plot 
Treatments:
 

Seeds Straw Seeds Straw Total
 

Untreated soil 4.6 4.5 5.5 
 23.5 29.0
 

Soil + Azospirillum 3.8 4.3 
 5.3 24.3 29.6
 
Soil + urea 4.0 2.7 9.6 32.8 42.4
 

Soil + urea - Azozp. 3.7 2.8 10.0 34.C 44.0 

Soil + 20 t Fl. 3.5 4.2 7.3 42.0 49.6 

Soil + 5 t slurry 3.4 4.7 7.4 43.0 51.2
 

Soil + 5 t slutty + Azosp. 3.3 4.6 7.5 43.5 51.0 
Soil + 20 t slurry 3.7 5.6 9.5 56.2 66.8 

Sol + 20 t slurry + Azosp. 3.5 5.5 9.4 57.38 67.2 

L.S.D. 1 % 
 0.7 6.1 6.7
 

L.S.D. 5 % 0.5 4.2 4.6 
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Table (10): Effect of fertilization with biogas slurry and some other
 

fertilizer on iron content and uptake of wheat.
 

Treatments: 
Fe, ppm. Fre-uptake ; -g/plot 

Seed Straw Seed Straw Total 

Untreated soil 

Soil + Azospirillux 

SCi I +urea 

Soil + urea + Azosp. 

Soil + 20 t 7Y:! 

Soil + t slurry 

Soil. 5 t slutty+ 

Soil ,20 t slurry 

Soi+ + 20 t slurry + 

Azosp. 

Azosp. 

19 

16 

18 

17 

16 

16 

16 

20 

20 

-

-

-

-

-34 

-

-

-

-

23 

23 

44 

45 

6 

36 

53 

54 

-

-

-

-

-

-

-

-

L.S.D. 

L.S.D. 

1% 

5 % 

6 

4 
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Parasites of Health Significance
 

By
 

Prof. Dr. X. Adel Abbas Tawfik
 

Backaround:
 

An evaluation of the health risks to man and domestic
 

anir.als associated with the land application of municipal sludges is very
 

difficult since many factors must be considered. These include the
 

types and' :umbers of viable stages of parasites present in the slu

dge that is applieu,, e amcunt of sludge applied, the manner in 

which it is applied, characteristics of the soil, topography of the 

land, climatic conditions including rainfall and temperature, and 

the subsequent use of the land. The possibility of transmission to
 

man and animals is greater if they eat fresh vegetables (man) or if
 

they graze directly on 'and to which sludge has been applied (animals). 

me ova and. resistant stages of parasites found in sewage and 

manure ger.erally have a specific gravity greater than one and will
 

settle into sludge during primary sedimentation. The most commonly 

found sta:es are the ,ggs of Ascaris, Toxocara and Trich-uris. These 

are iner, inal .e:natcdes that belong to a group that is frequently 

referred to as th:e so1-transmitted. In a -ene, soil Serves as an 

inedate , ho.tor these parasites bemuse those e Cs must undergo 
a perizd !'development in t',e external environment, usually the soil 

before beccming infective for the next host. The length of this 
_period ...... m..nt varies depending upon the worm soecies and the 

environmental sonditions; but it is usually a minimum of two to four, 

wes .n he in"ctive larva develops within the shell of egg and 

does not hatch from it until ingested by a suitable host. The egg---s 

of these worms are resistant to a wide range of chemical and physical 

conditions, and are capable of surviving for se'.eral years in the soil 

when environmental conditions are ideal for that purpose.
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The eggs of the tapeworms, Taenia sp., Echinococcus granulo

sus and Y.oniezia sp. are infective for their intermediate host at 

the time they are discharged from the gravid segments of the worm.
 

Consequently, unlike the eggs of the soil-transmitted nematodes,
 
when these tapeworms eggs are present in raw sewage or manure they 

are already infective for the next host. 

the occyzts of imeria so., and Toxoplasma are not infective
 
when passed in the faecos of the parasite's definitive .ost, but
 

require a period of a few days to reach infectivity in the soil.
 
These oocysts are :eported to be relatively resistant to a wide range
 

of environ::ental conditions. 

Objectives: 

- Isolation and identification of the most prevailing ova of 

parasitic ,orms and cocysts of protozoa before and after the 

anaerobic di~estion process.
 

- Study the efl'ect oa"sore physical factors and :h,.::ca! acents on 
the viability & infectivity of ova of worms and protozoal cysts. 

- Study the effect of these inactivation methods on the bacterial 

flora of the sludge.
 

.ethodolo :v -

I . Isolation and Idevitification of ova of parasitic worms and 

oocysts of protozoa. 

The methods adopted have been described in the provious report. 

II. Physical and Chemical conditions affecting Embryonation of 

Ascarid Erru in Vitro. 

These studies were carried on fresh uterine eg;gs. Physical 

factor, namely, temperature, desiccation, rdaylight, darkness 

and depth of water affecting embryonation oC eigs were studied. 
For each of these factors, eggs were incubated at C-29 2. 
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in 3 petri-dishes containing 2% potaszium dichrcmate solution. 

To study the effect of some chemical agents, eggs were placed 

in petri-dishes containing the chemical used and incubated at 
0 

26-28 C. The different chemical compounds used were:
 

I. 	 Acids and alkali (hydrcohloric acid, sulphuric acid, nitric 

acid and sodium hydroxide).
 

2. 	Disinfectants (Phenol, cresol and Pot. permenm.ate)
 

3. 	Insecticides (Dipterex, Seven, D.D.T. and Nejguvon) 

4. 	Anthelminties (Piperazine adipate)
 

5. 	Inorganic Ferlilizers (Amoniun nitrate, calciv: nitrate and 

calcium zuperphosphate) 

The presented data were obtained from 3 trials for each experi

ment where 100 ec:z from each trial were investigated daily for 2 

weeks. 

The 	 viability and infectivity of elc-s exposed to each physical 

and chemical treaznent were tested by oral infection of mice. The 

detection of larvae in their liver after infection was taken as an 

indication of their infective capacity. 
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Results 

I Isolation and Identification of ova of Parasitic 

Wor.ns and Oocysts of Protozoa:-

A. Nanawat Digestr 

Table 1: Parasites of '.edical and Veterinary Importance Detected 

through the Sludge 

Source Parasite 

inlet Paramphistomum sp. 

utet -

Inlet Ascarid eggs 

Cutlet " it 

Inlet TrichostronCylus cp. 

CutIer - ve 

inlet Eimeria 

Ontlet - ve 

"race 

ova 

:o/gn 

. 

ova 

ova 

ova 

12 E.P.G 

8 E.P.G 

1 E.P.G 

cysts 18 C.P.G 

B. 	Omar !M'akram Village Digesters:-


Faecal examinat:on for the animals m.. is j!ued in 

the digestors :,'az done. The preliminary results obtained indicated 

most of the inest.gated animals were intezte', "ith trenatodes 

mainly. Fascida sp. and :araph,-Jzto.num 7p., esto;s (Muniezia up.), 

nematcdeszJ:::oara v: tul orum and t wread. orns) and ::'otozca n.ainly 

Eimeria sp. 

II. 	Factors Affecting Embryonation of Toxocara vitulorum Eggs: 

1. 	Physical Factors: 

'. Temperature: the results are sholm in Table 2. 
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ii .	 Desiccation: It had been found that once 
the water of
 

the embryonating medium was evaporated, the eggs were
 

degenerated within few seconds. 
 The ability of these
 

eggs to develop was not regained even after returning
 

them to water.
 

iii. Day light: The experiment was carried out in a glass
0 

chamber of an incubator of 23 C. -he results were 

shown in table (2). 

iv Darkness: Egs were incubated in lac: Painted petri
dishes. The obtained results ,;ere -ablated in table(2). 

v 	 . Depth of '.;ater: Previously boiled water ;as used in the 
present study. Table (2) shewed the obtained results. 

5 Chemical Ag;ents 

Tables (3-6) demonstrated the results of the present study
 

concerning the influence of 

i .	 Acids and alkali (Table 3) 
ii 	 Disinfectants and Antiseptics (Table 4)
 

iii. 	 insecticides('able 5 
iv . Anthelmintics (Table 5)
 

v * Inorganic ?ertilizers (Table 6)
 

on the development of 7. vitulorum eggs. 
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Table 2 Physical Factors Affecting Development of Toxocara 

vitulorum eggs (Percentage of incubated eggs) 

actor Blastomere X:orula Gastrula Larva D.E. 
1 2 4 8 16 32 

1. Temperature 

a. 0 C. then 100 0 0 0 0 0 0 0 0 0 
26-23 C. 97 2 1 0 0 0 0 0 0 0 

b. 4 C..e 100 0 0 0 0 0 0 0 0 0 
2(-2B 8 1 4 0 0 0 0 1 73 13 

c. 15 C en 95 3 2 0 0 0 0 0 0 0 
26-23C.** 8 0 0 0 0 0 0 4 87 1 

*i.25-28 C. 7 0 0 0 0 1 1 1 90 0 
e.30. 10 0 0 0 0 0 0 2 38 0 
f. 37 C. 12 0 0 0 0 .5 83 0 C 0 
g.42-44C. 89 8 3 0 0 0 0 0 0 0 

2 . 1..,, 9 0 0 0 0 0 0 2 89 0 
3. Darkness 7 0 0 0 0 2 3 88 0 
4. t h 0if water 

a. 2 12 0 0' 0 0 0 3 0 85 0 

b. 50 -. 15 0 0 0 0 0 0 3 82 0 

C.lO m 19 0 0 0 0 0 0 2 79 0 

.50 25 0 0 0 0 0 2 3 70 0 
e. 2CC 33 0 0 0 0 0 0 3 60 4 

'50 30 0 0 0 0 5 5 59 1 

.0,r.m 35 0 0 0 0 0 0 1 59 5 

D.E.: Degeneratedl Etggs 

After Or.e ".eec: exposure 

After, 45 jays jtorage 

Rest, 3tcndard two-weeks conditions. 
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Table 3 Effect of Acids and Alkali on the Development of
 

T.vitulorun eg.gs. (Percentage) 

Factor Blastom..ere 'orula Gastrula Larva D.E. 
1 2 4 8 16 32 

a. I1% 16 0 0 0 0 0 0 2 82 0 
b. 5, 7 0 0 0 0 3 3 4 60 3 

c. 1 38 2 0 0 0 1 2 4 53 0 

2. Sulphuric acit 

a. 1, 21 0 0 0 0 0 0 0 79 0 

b. 5/ 35 1 0 0 0 2 3 7 52 0 

c. 1 50 0 0 0 0 0 5 10 35 0 

3. nitric acid 

a. 1:,* 24 1 1 0 0 0 1 4 69 0. 

b. 5% 42 0 0 0 0 0 5 10 43 0 

c.10, 59 4 1 0 0 1 1 9 25 0 

4. Sod. hydroxide 

a. 1' 20 0 0 0 0 0 0 0 80 0 

b. 5% 24 0 0 0 0 0 3 5 68 0 

55 2 3 6 0 4 5 10 15 0 

D.E. Degenerated eggs 
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Table 4 Effect of Disinfectant and Antiseptic on the
 

development of T. vitulorum C%) 

Factor Blastomere :-.C'la Gastrnla Larva D.-. 

1 2 4 8 16 32 

1. Phenol:
 

a. 0.5!, 70 22 8 0 0 0 0 0 0 0 
b. 1.0c 100 0 0 0 0 0 0 0 0 0 

C. 2.0e3 100 0 0 0 0 0 0 0 0 0
 

2. Cresol:
 

a. 0.5", 75 24 1 0 0 0 C 0 0 0
 
I.1, '1 0 0 0 0 0 0 0 0 0 0 

3. Sanitol:
 

a. 1, 9 0 0 0 00 1 1 89 

b. 2-, 12 0 0 0 0 b 0 3 85 
c. 4% 10 0 0 0 0 10 0 89 

D.E. Degenerated Egs.
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Table 5:Effect uf InsectIcices and Anthelmintics on the 

Development of T.vitulorum eggs (%) 

Factor Blastomeres '.ornla Gastrnla Larva D.E. 
2 4 8 16 32 

1. fleguvon 

a. 1% 12 1 0 1 0 0 2 4 80 0 

b. 2w 15 0 0 0 0 0 0 5 80 0 

C. 4 21 0 0 0 0 2 2 4 71 0 

2. Dipterex 

a. 1% 18 0 0 0 0 2 1 3 76 0 

b. 2% 16 0 0 0 0 0 4 6 74 0 

c. 4", 24 0 0 0 0 0 0 2 71 3 

3. Sevien 

a. 1, 25 1 0 0 0 0 0 4 66 4 

b. 2,, 21 0 0 0 0 5 4 5 65 C 

c. 4% 26 0 0 0 1 3 5 3 55 7 

4. D.D.T. 

a. i. 18 0 0 0 0 0 7 5 70 0 

b. 2, 22 2 0 0 0 0 3 4 63 6 

c. 4% 30 0 0 0 0 4 7 7 41 11 

5. P.adicate 

a. 1, 15 0 0 0 0 0 1 2 67 15 

b. 5% 19 0 0 0 0 0 0 0 60 21 

c. 10% 20 0 0 0 0 0 0 0 53 27 
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Table 6 Effect of Inorganic Fertilizers on the Development
 

of T. uitulorum eggs (%) 

FertiizerBlastomeres 
Fertilizer Ds.orula 

1 2 4 3 16 32 
Gastrula Larva D.E. 

1. Amn. nitrate 

a. 

b. 

c. 

1% 

5% 

10% 

12 

13 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

6 

3 

3 

2 

5 

84 

79 

78 

0 

0 

0 

2. Cal. nitrate 

a. 

b. 

1% 

5% 

0.10, 

11 

11 

14 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

3 

1 

3 

1 

2 

3 

4 

37 

81 

77 

0 

0 

0 

3. Superphosphate 

a. 1% 

b. 5% 

. .1. 

10 

9 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

C 

0 

2 

0 

90 

87 

88 

0 

0 

U 

D.E. Degenerated Eggs 
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From the present studies, it had been sho,,n Lhat the optimum
 

temperature for the development of T. vitulorum eggs (representing
 

eggs of other ascarids of man and animals) ranged between 26-28 C.
 

While, those kept at 4 C. for 45 days did not show any development, 

but. when these eggs were incubated at 26-28 C., 73c. developed to 

the infective stage. On the.other hand, no development took place
 

when fresh unsegmented eggs were submitted to 0 C. for one week and 

then retuined to 26-28 C. Therefcre, it can be concluded that
 

T. vitulorum eggs can*withstand low temperature till 4 C., while
 

0 C. is considered a lethal one. Also, temperature of 37 C and
 

42-44 C.- affected the development of these eggs as they did not show 

any embryonation beyond morula and 4- blastcmeres stages respectively 

even after t.ey ere returned to 28 C. 

Desiccation was destructive for both embryonated and non-embry

onated eggs. W.hile, light or darkness had no effect on the develop

ment of T. vitulorum eggs. 

. sin previously boiled water at various depths 

showed declining degrees of development. Therefcre, it can be 

suggested that with the increase of water column, th:e er7s .:ere 
deprived from the atmospheric air which may be conside:rc a: ; essent

ial requirement for the embryonation of T. vitulorum errs 

It had been noticed that eggs incubated in acids and alkali 

showed a gradual decrease in the percentages of their development 

with the increase of the chemical concentration. Phenol and cresol
 

had an ovicidal action on T. vitulorum eggs. 

The various insecticides and anthelmintics used had a slight
 

to medium degree of influence on the development of eggs. 

The in vitro action of inorganic fertilzers on their development 

was negligible even at a concentration of 10,. 
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Proposed Future Plan of Work:
 

1. 	Study the effect of physical and chemical conditions on the
 

viability and infectivity of Toxocara as well as other ova
 

and resistant stages of parasites while simulating as far as
 

possible actual digesters conditions.
 

2. 	Study the effect of digesting process of sludge upon ova and 

oocyst under the village condition both in !anawat and Omar 

'-*akram. 

3. 	Application of the inactivation methods for the parasitic agents
 

under laboratory conditions in mini-digestors.
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Annex 7 

Water Pollution Control Lab. 

Progress Report 

March 1982 

INTPOUCTIc 

The work activities during the last six months can be grouped under 

the following two headings:-

I. 	 Follcw-uo of the Fermentatior Procress in Prototyoe "3" Oicester 

and E-l-ianawt Ormnnstratir, Unit. 

Follcri-up of the occurence and survival of some enteric micro

organisms in the prototype "3" unit at the MIRC as well as in the 

domonstrmtion digester, built at the farmer" house at El 'aneNat took 

place. The inaccessibility of the antisera which was ordered for 

more than two years nary, limited th extent of the planned work 

relating to the incidence and survival rate of pathoeenic organiar"s. 

Consequently work, was confined to estimating the following par-ameterst 

total viable bacterial counts at 220 C and 3'70 C, total coliform,, feacal 

coliform and faecal streotococci. The results obtained (Table I) 

inoicated the presence of high counts of the total viable bacteria 

and the faecal indicators. Therefore, post-treatment of the digested 

slurry is recommended. 

I. 	Laboratory Studies 

Experiments werm carried out to investigate the potential for 

increasing metMee production from the anaerobic digestion of manure 

by mixing it with algae. 

Ten laborator--scale units were operated concurrently. Each 

was 2.5 litrsS effective capacity. The units were sealed to the 

atmosplOem with one-hole rubber stoppers on the tcp, the outlet was 

connected with rubber hose to a sealed container filled with water 

acidified with sulfuric acid. The displacement of water in the 



second container by the biogas produced in the digester, provided
 

a corovesLnent method of monitoring the volune of gas producticn. 

The experimental set-up is shown schematically in Figure (i). 

Temperature was maintained constant at 22°C by keeping the
 

digesters in incubators. Mixing of the digester contents was 

accomplishes by shaking the fermentation units once each day.
 

Starter seed for anaerobic digestion was prepared by allowing for 

two months. The seed was added to all digestcrs at the rats of 10 

by volIe. 

The algae used for these experiments was the green algal 

species scenedesmus obliquus
 

11.2. RESULTS AND OISCUSSICN 

11.2. 1. Effect of mixing dry qreen alce with fresh ccw-dung 

In an attsmpl to study the effect of mixing dry green algae 

with fresh cow-dung on the biogas. production different mixtures 

were prepared, in which the concentration of green algae v.e-rie

from 0 % to 100 . Analysis of dry green alga-e showed that it 

contains about 96,2 , solids, 2.5 % orgenic nitrogen and 0.72 '

phosphorous. The C/N ratio, based on organic vriatile matter was 

found to be 30.1 (Table 2). 

The intial solids content was kept constawt at tChe pLdetermined 

optimum ccni.entration (around 8 ), The digestion temreraturo was 220C. 

The results obtained are given in Tables, (3,) and Figure (2). 

From the available data, it may be conlWed that increasing 

the concentration of dry green algae in the feed up to au,".ncreased 

the volume of methane gas to produced by 27.8 %. HowevEr, further 

increase of dry green algae led to a drop in the valume of methane 

gas produced.
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Reduction in volatile organic matter content after digestion 

was 53 1 at I 4 dry green algae, ccr-,,rd to ?0 , when the r-ixture 

contains 40 ,A dry green algae. 

11.2.2. Effect of 'ixing fresh rxrrcn alno with fresh ccv-dung 

The anaerobic fermentation of mixtures conisting of 
fresh green algae arr fresh cow-dung has been investigated. 
The concentration of green algae varried f'om 0 51to 100 . 
The irnitial solids content was 8 . Tne digestion procos 

was carried out at 22 C. 

The results obtained are shcrAr in Tables( 5,6) and 
illustrated grophically in figure (2). From the available data 
it was found that the amount of methane gas produced was 525 L kg-1 

VCA ro. when fresh cow-dung ,yas digested. When the mixture 
contained 4C0 gree-n algae, -an increase in the amount of 7ethana 

gas produced by 51 % was recorded. Also an increase in the 
.ethane ccnt:2nt of thu biogas procuced frcm 52.6' to 5.2 , was 

obtainad.
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FIG. (1) SCHEMATIC DIAGRAM OF A DIGESTI ON UNI T 
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- Biogas produced from mixture of fresh algae 
o----o Methane ....
I# . .. . 
1 Biogas t. dry1000 - ,-----, Methane ,, ,.. . .
 

900

800- Biogas,
 
700-/ '
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400 - ,.,-' 

300 / \"
 

0N 

200 \"
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0
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Algae content (0/)
 
Fig. 2 Production of biogas from 
mitures of fresh cow-dung and 

algae (fresh &,dry) 
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Table (1) Bacterilgil Analysis of the Feed and the 

Oigested Slurry 

Total Viable "" 
Date Sourcn counts at:-T Total Faecal PFaeca! 

22o0 3.o ccliform colifor , st-retococci 

In]Z 4.1xi0 11 2.310 11 2.2xi0 2.2x10 2 .lx1O 

20/9/81 Outlet 2.4xi08 1.2x109 1.1xi0 I.6xi0 I.ex10 5 

!1077 

17/2/2 Inlet 1.dx 1O1 9, cI 1 3.9xlC 2.'xIa 2.,,,n6 

Outlet 5.xI00 a x10 2.Oxi0 2.Cxl 1.2x10 

1 F2/62 Inlet 9.IxlO11 2.2xlO11 9.2x1O a 3.2xi0 8 9.2xi6 

OutlEt "2.2x 011 1.6X02 7 2.4x10 
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Tablo (2) cheical coipositim of raw materijals used 

Volatile Total organic TctalPa-L-o t ere Ccntont 0 r "anic Nitrogen #4 P b hc.ou5 C/N 

Fresh co-dung 15.10 56.23 
 0.95 
 0.73 64.S4Ory algao 75.2
95.2 2.5 
 0.72 

Fresh algae 
 37,4 
 75.3 
 2.7 
 0.75 
 27.9 

. Calculated on dry weight basis.
 

0.1 



le (3) Production of MothOnu Gas from the Annoroblc Diq:gc-tion of Mixtures of Dry Grcpn Algae and Fresh Cow-Oung 

Fed UiqDagt Slrry/ Totnl bio-qns Methnnn 

dry Solids VOM Sol ris Vu. i red, Temp 0.T. -1 -I 
lgae content 

gm L  1 
grn VOm content 

m L_ 1 

gm L 
VOM 

of VOM C0 Days Lkg 
fed 

Lkg 

red. 
Lk-

VUO fed 
Lkg 

VOM red. 

0.0 82.3 44.7 54.3 59.6 22.3 37.4 50.1 22 42 512.5 1022.9 2?0.6 52.8 540.1 

1.0 83.4 46.9 55.3 55.7 22.1 39.6 52.9 22 42 531.3 1004.3 294.3 55.4 556.3 

3.0 81.7 48.4 59.3 54.0 20.8 38.5 57.1b 22 42 568.3 997.0 3'7.1 55.8 556.3 

5.0 83.8 49.6 59.1 53.5 19.8 37.0 60.1 22 42 598.9 996.5 331.8 55.4 533.0 

7.0 83.8 50.1 59.7 55.4 19.0 34,3 52.0 22 42 639.9 1032.1 381.4 59.6 615.2 

0.0 81.5 49.2 61.4 48.06 18.69 38.89 62.0 22 42 ?05.3 1137.6 402.7 57.1 649.5 
3.0 81.4 51.5 62.3 49.59 18.03 36.35 65.0 22 42 737.8 1135.1 43J.1 58.3 661.7 

0.0 80.4 51.8 64.4 50.17 15.54 30.97 70.0 22 42 868.7 1241.0 497.7 57.3 711.0 

10.0 82.9 54.6 65.83 46.32 18.02 38.9 67.0 22 42 806.5 1203.7 386.3 47.9 576.6 

0.0 83.4 56.6 67.82 47.2 20.4 43.2 54.0 22 42 558.8 1034.8 273.3 48.9 505.1 

10.0 0.5 56.5 ?0.20 52.3 28.3 54.1 50.0 22 42 292.6 585 .2 142.5 48.7 285.0 

10.0 81.4 61.2 75.2 56.9 36.7 64.5 40.0 22 42 232.1 580.3 113.5 48.9 283.8 



La (4) Physico-chemical CK:Iract.risticn of Row nnd Digu.,ted .ixtures of Dry Green Algae nnd Fresh Coin-dung 

Feed~r Olqezted Slurry 

Igae 
pH
pH 

NH-

mg NL 
ON-

01-1 
mg NL 

T.R. 
0

105 C 
gm L 

VO! 
qm 

-1
L 

Pho-

1ihatnl 
mIg PL 

V.A. 
.1-1 pH 

NY44 -
1 

NL 

.N. 
-1 

m NL 

T.R. 
o

0 C-1105 -gm NL 

VOM 
-1,-t"L -1 

Phos--

-hat1Ing PL 

V.A. 

mg 

J.0 8.1 156.9 563.0 82.3 44.7 653.5 285 7.6 418 450 59.6 22.3 651.5 1710 

1.0 8.0 168.0 569.0 83.4 46.9 669.5 270 7.4 431 415.3 5!i 7 22.1 668.1 1755 

3.0 -7.9 140.0 597.0 81.7 48.4 653.5 24 7.3 415 447.8 54.0 20.8 650.2 1778 

5.0 7.9 168.0 765.0 83.8 49.6 637.0 330 7.3 496 596.7 53.9 19.8 626.0 1980 

7.0 7.9 159.0 776.0 83.8 50.1 69.5 290 7.2 528 534.1 55.4 19.0 667.2 1830 

0.0 7.0 230.0 1620 81.5 49.2 669.5 220 7.1 644 1296.0 48.06 18.69 657.2 1820 

010 7.1 240.0 1900 81.4 51.5 669.5 212 7.1 640 1539.0 49.59 18.03 658.5 1990 

0.0 7.2 240.0 1900 80.4 51.8 609,5 192 6.9 810 1542.0 50.17 15.54 607.5 1880 

0.0 7.3 261.0 1600 82.9 51.6 632.0 106 7.1 989 1312.0 46.32 10.02 631.0 1980 

0.0 7.3 270.0 1600 83.n 55.6 629.0 156 7.2 1L-60 1321.0 47.2 20.4 628.0 1300 

0.0 7.4 270.0 1690 80.5 56.5 6&29.0 166 7.3 1260 1651.7 52.3 28.3 629.0 1210 

0 7.2 290.0 1750 81.4 61.2 629.0 140 7.1 1029 173-.0 55.9 36.7 629.0 1020 



Tablo (5) Production of LMothane Gin; fro.-i thri Anner.bic Digestion of !.!ixtur s of Fneh ('rc'n Alqra9 ond Frerjh Cov.-dunq 

Feed Digestud Slurry Totol bi--gas J.othann 

fresh Solids Solids TerM O.T. -I 
algae content ccntent - 1 'n red. Lkq UL -kq VCM Lk-IVO 

gm L- g rm L- VUl1 of VO.! C Days fed red. fad 

0.0 83.26 45.93 55.16 59.6 22.3 37.4 51.4 22 42 514.2 1000.4 270.5 52.0 
5.0 81.98 44.97 54.86 54,. 17.4 31.9 61.2 22 42 620 1013.1 366.4 39.1 

7.0 83.46 47.2 56.56 52.3 16.0 30.6 64.3 22 42 682 1060.6 417.4 61.2 
10.0 81,49 46.51 57.07 92.7 :5.8 17.0 66.1 22 42 760 1149.8 179.5 63. 1 

20.0 80.23 44.13 55.00 50.6 14.5 28.6 67.2 22 42 820 1220.2 510.0 62.2 

40.0 83.90 50.34 60.08 47,6 14.04 29.5 72.1 22 42 913 1266.3 595.2 65.2 

?0.0 83.59 56.01 66.83 47.09 19.5 41.4 65.1 22 42 619 950.8 355.8 59.1 
100.0 82.80 62,4 75.4 54.59 34.19 62.6 45.2 22 42 415 918.1 210.8 50.8 



rable (6) Physico-chemical Uhracterfttcs of Raw Drlested Mand?,xtures oF Fash Groin Algao and Fresh Cov.-Oung 

Food 
Digested Slurryfrash NHI O.N. T.R. VO:.! phof- V.A.pH NO NO-1 1 N41 0.N.V alqno mg NL mg NL 1050

C -1 2 3 p 1 
T.R. VOM Phos V.Aphato -1 1T

-1 gn L- r-j L mqL L- 1 mg N 105 aC -1 phte
mg NL- 1-1 hnmL mgPL ggm mg

L ' gPL 

0.0 7.9 107.4 604.2 83.25 45.93 6,0.9 218 1.6 0.6 7.2 462 578.5 69.6 22.3 629.8 16115.0 7.5 160.3 746.5 81.98 44.97 620.7 26 3 0.8 0.90 7.1 707 59?.2 54.4 17.4 61n.9 103a7.0 7.6 168.3 761.7 83.46 47.20 620.7 244 0.4 7.0 7'20 601.7 52.3 
I0.0 

1.0 16.0 617.8 112(7.5 176.7 823.0 
 81.49 46.51 
 604.5 268 0.2 1.3 7.1 
 896 666.7 92.7 
 15.8 602.5 1241
20.0 7.2 186.0 907.1 80.23 44.13 604.5 206 nil 1.5 6.9 924 716.6 50.6 14.5 604.5 141140.0 7.1 220.4 1855.8 83.90 50.34 620.5 206 nil 1.7 6.9 1078 1603.8 47.6 14.04 620.5 164(70.0 7.1 313,4 1888.1 82.59 56.01 20.5 124 nil 1.7 6.9 1106 1667.1 47.09 19.5 619.3 1675100.0 
 7.1 322.4 1908 
 82.83 62.4 6205 
 124 nil 2.5 6.9 1792 1837.7 54.59 
 34.9 619.2 1675
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Annex 8
 

The Fundamental M.icrobiology Group 

Progress Report (till.Sept.1982) 

One of the objectives of our studies was to asses the activities
 

of the microbial groups, mainly the cellulose decomposers and metha

nogens, in the anaerobically digested animal manure. Secondly, to
 

search for the socalled promotors of methane productivity i;n anaerobic
 

digesters.
 

:e previously tried "filter pacer coupons" proved to te adequate 
only for qualitative work, because of the ep necessary to 

get rid of extraneous fibers. Therefore cotton texcile ccupcns were 

used, 
 lt gave acceptable consistent results upon mild prolonged washing.
 

The cotton textile was also treated with 7C..... for 10 econds 

followed by thourough washing in order to increase the amorphous phase 

over the crystalline phase. This treatment did not give better results 

than the untreated ones for assessing the cellulytic activities. By 

this technique it was possible to diagnose some of lo-. uas yielding 

samples, as being low in their cellulytic activities.
 

In t e mean time, trials were done to bring toiether the compo

nents of the microbial consortium of methane production from cellulose
 

on supportive media. Glass wool gave good results for an active conso

rtium which could with stand room temperature storage for one year.
 

Iron, which was used previously as a scavenger for H23, proved to
 
shorten the lag phase of initial gas production, perhaps through
 

reduction of initial dissolved oxygen, The iron sulfide formed is well
 

known for this effect.
 

The SCUM formed at the top of the digester contained oxygen reactive
 

materials which form a skinny intact layer, 
which held the fibers more
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firmly. The use of floating iron rods might be effective in the
 

maintenance of low oxygen tension and can be used for mechanical scum
 

destruction.
 

in the present time, the effect of irm.obilised sulfides of .o, Ni, 

Co and Fe is under study as promotors in 2ddition to some of the natu

rally chelating agents. 

Detailed future plans: Oct.1982-tarch 1983
 

1. The previous work on the "active consortium culture" will be exte

nded to an adaptation process for lcw temperature digestion at 20 C. 

2. The previously prepared sulfides of trace metals, irobilised in 
aldehyde-tanned gelatin slabs, will be used as slow-release device 

in lab. digesters. 

The trace metals are looked at as promotors for cellulose 

decompozers as wel! as methanogens, under low and ordinary tempera

tures (20 C versus 35 C). The lab. dieser ilbe runnin under 

the daily "remove and add" regime, in order to simulate field-digester 

management (RT = 20 days). 
Total volatile fatty acids, acetic acid, total gas and carbon
 

dioxide content of the gas will be monitored daily. olatile solids 

will be determined weekly, as well. as cellulose. 

These determinations will give a picture showing the particular
 

rate determining step/s to be promoted, such as:
 

1. Polymer (cellulose) decomposition. 

2. VFA. conversion to acetic aud. 

3. :ethanogenesis of acetic aud.
 

The data obtained might explain the results where VFA accumu

lated and reached a level of 1000 ppm (as acetic acid).
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Brief plan for the period tMar.I983-Dec. 1963.
 

1. The lstudy of adapted consortium frcm ponds drains and irrigation
 

canals for low temperature digestion and mcthanogenesis.
 

2. The study of trace metal promoters and their effect on low
 

temperature adapted cuLures,
 


