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1- BACKGRQUND

The Biogus Project wus u notural develohment of the 9utionnl
Hesearch Centrek(NnC) keen interest in the field of renewable
energy, particularly since 1975, Attempts were uude to follow up
developments in the field of biogus technology to assess its prospects
in the context of rurul developwent, This was cowplemented by two
additional aud concurreut actions, 1In the first, o multidisciplinary
specislized group wus orgunized under the NRC Appropriate Technology
Committee to prepare for a nutionul project, In wsddition, reseurch

on laboratory B8cule wus initiuted,

These enteavors culminated in a proposed nationul dewon-
stration project for the development and applicution of biogas
technology in rurul ureas of Egypt, The Proposal was approved
by the Acudewy of Scientific Reseurch und Techuology (ASMT),
and thence wus preseuted in the Qctober, 1978 JCC weeting, The
JCC agreed that the project met criteriu for demonstrution
projects, wus feasible for implementation during Phuse I, and
recommended that a joint Egyptiun-jgmerican Puncl be formed to

elaborate a project design,

Panel mectinuy were held during Junuary 1979 and the
discussions were centered around an upduted druft proposal
prepared by the NIC group, Visils were also mande Lo several
relevant luboratories in the NIC, and to two Lgyptiun villuages
us8 typical ecxuwples of o new planned villuge and a traditionul
one, A8 a result, u final project proposal wus wgreed upon, was

submitﬁed to the Yurch 1979 JCC meeting and wus aupproved,

Four sewi-unnual progress reports huve been subumitted
Y]
to the JCC us scheduled (AlRIL-MARCH 1979, Pi/2~Septewber 1979,
PR/}—Januury 1980 and PR/4=Septewber 1980),



The joint U,S.-Lgyptian punel for the project held intensive
meetiugs during the period from Junuary 12 to 16, 1980 Lo review
the project progress uﬁd draw up recommendutions for fﬁture course of
action; The U,S, punel evaluution report wus enclosed in the third

progress report (Pu/j - annex 4),

2~ DEFINITION OF THE PROBLEM:

Among the most important problews uf our uge, und more so
of future gencrutions, asre those pertaining to eneryy sources,
food supply and pollution ubatewent, These constitute priority
sreas in the NRC pluns and endeavors to serve comwunity and
perticularly the rurul sector which mukes up wround 55 percent
of the Egyptiuu populetion, And indeed the upplicuation of bivgus
technology in rural arcas fits perfectly in this contlext since
it can contribute to improving.the rural cowwunity conditions
und to the solutiou of the three mentioned priority problews in a
balanced way unud in o muuner that is hurmonious with nuture and

environment,

First, recycling of animal, Buwun, yud apricul turul wastes
Lthrough unserobic digestion provides a cleun and renewuble source
of energy, i,ce,, the biogns, Second, it lurnishes o stubilized
effluent thut can be used as un excellent orgunic fertilizer to
sustuin or even incrense lund productivity und thus food production,
or cun as well be uved us unimul feed; und ulternstively may be
utilized in what is called integrated biogus (or integrated faruing
system) to grow algue, aquutic plunts and fish und so provide more
feed for the unimuls, mwore food for the humuns snd also more biomuss
for digestion, Third, through wustes digestion, the biogus technolopy
would contribute to combating pollution, waste disposal and eanitu}y

uspects,

The applicution of village-scule biogus technology in various
purts of the world exhibited various degrees of success, The Chinese
und Indian progruws in purticulur were relutively succesaful, For
instance, more thun 7 willion biogas villuge units are now operating

in the People's }Jtepublic of China, However, such success is no
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assurance of similar success in other countries, particulaerly where
there.are great differences in resources, socio~economic conditions,
physical enviroument and living patterns, Previous experience in
other developing countries that have started sizable biogas procgrums
has aﬂovn that success entails the development of viable conditions to
ensure acceptance, adoption and propagation of th? technology, Thus,
the technology should be appropriate and compatible with the existing
socioweconomic conditions, Further, adequate scientific and technical
infrastructure should be developed, und a sound national policy and

plans on the technology promotion must be drawn up,

The project was thus proposed to provide such requirements
and 8o as to ensure logicasl und appropriate sequence that con lay
the foundation for subsequent viable implementation on the nstional

acale,

3= OBJECTIVES

The averall objective of the project is to dewmonstrate thut
the application of biogus villuge-scule technology is technically,
socially, and cconouwicully feansible in rural oreus of Egypt, Major
considerations include contributions of the biogas technology to
village environment relating to supplies of energy unmil fertilizer,

as well as to wuste treatwent, public health control and sanitation,
The major ends to be accomplished frow the project ure:

1, To carry through with a viable, creuative und relatively

successful villuge demonstrotion prograw,

2., To ussess the biogss technology us a weans for energy
conservation, waste recycling, upgrading of seil fertility and

pollution control, und

3, To come up on a sound busis ewbodying the results
of a comprehensive technology trunsfer, reseurch, developuent
and demonstrulion program with concrete und pructical recowmmendat-
ions on how to foster the implementation of villuge-scale biogas

technoloygy on the nutionul level,
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h= DRATIONALE AND JUSTIFICATION:

In rural usreus of Egypt, crop residues, weeds, hydrophytes,
together with humun and animal excreta represent ‘good feed atocks for
biogus developuents, At present, there ure two wmujor areus for the
utilization of such residues, One, us a source of energy by direct
burning (thus their fertilizer value ia>loxt), und second, their use

in making orgunic munures,

The major sources of ener:y availuble to most Egyptian villages
are the non-comwmerciul sources, which are estimuted to have provided
over one=third of the totul e¢nergy consumed in Egypt in 1975, In
sddition, there is significont dewund on commercial energy sources in
rural areuss and demund on petroleum products iy increasing very
rapidly, almost doubling by 1985, It is worthy Lo note that these
petroleum products arc very heavily subsidized by the Government,

A preliminary rough estimute was wmade of the biogas that
could be preduced by utilization of crop residues already used
48 energy sources os well as animal and huwuen wustes avuiluble
in Egyptiun villages, This indicatea thut the bioguss could provide
the major portiou of the residential rural cnergy requirewents,
i,e,, substituting tor ull the non-commerciul sources us well us
kerosene and butagss, Furthermore, an additionul amount of organic
fertilizer equivalent to more than 12 million touns of furm yara manure
would be produced,; which would otherwise be lost through the direet
burning of crop residues un! dung cakes, This i3 also very important
since it 18 estiwuted that the present acficit in farm yoard munure in

Egypt is more than RO million tons per year,

Thus, it appears that the implementation of viogas tech-
nology in rural ureas of Egypt will he very useful as a suit-
able source of energy ond soil tertilizer,

Further, other intungible benefits such as the improvement of

health and sunitotiun conditions would ve quite significant,

5= PROJECT PROGRAM

The initiul project masterplan is shown in Figure 1, The

vrogram extends over u fivee-yesr period and is executed by an



v

PROJECT MASTER PLAN

B-

Ce

~ Preliminary Village Survey
- Agian Trip

VILLAGE DEMONSTRATICN

- First Village
~ Second Village

SUPPORTIVE STUDIES, R & D

C/1. Labe & Bench
= Continue Lab. V.
- Banch=Scale

C/2. Engineering&Develonment
- Build & Operate
Prototype Units
- Gas Use Devices

C/3e Fundamertal Microbiol.

C/4s Fertilizer Eval.
-~ Laboratory
= Green House
- Field Tests

C/5. Sociological Asp.
C/6+ Feasibility St

= For Village
-~ Total

(Tentative)
. Yesar
Program Elements
1979 1980 1981 1982 1983
A- FACT FINDING
- Literature |

LL

Figure 1. Key Milestones of the Proposed Bio-gas Program



—5-

interdisciplinary tcam encompassing five functional groups,
basically from the NRC and Nutional Center for Social and
Criminologicul Research, The program includes three identifiable

phases that ure interlinked and complementary, These are:

A= Fact Finding: a phase that provides the essential

basic understanding of technology state-~of-urt as well as

the general Egyptian village conditions and factors relevant

to the project und its implementation requirements, This phase
comprises literoture search, u comprehensive Asian study tour

und a preliminary survey of L typical Egyptian villayges,

B~ Villuge Demonstration phuse which is the central

focus of the whole project, The purpose of this phuse i3 to
introduce the biogas technology to the peasunt on a concrete

level through full-scale demonstration so as to convince him

with its sdoptivn and identify his point of view regurding its
applicability and scale, [t is anticipated thut demonstrutions
will take place i1n two Selected villuges, o truditionul one us

well as a newly-planned village, These dewonstrotions will then be
followed up und evaluated to assess their viubility, social and
environmental impacts, and identify the optiwum course of iction
for‘possible implementation of the national scule, It i3 envisuged

that this phuse will start by the third year,

C~ Supportive work including studies of various sorts,

research and developwent activities, This includes ull the
interdisciplinary endeavors in preparotion for the demons-
tration stuge oaud provides whatever services that may be
needed during that stage and its follow-up, It comprises

all laboratory und bench-scale research, engineering and
development work, fundumental microbiological work, fertilizer

evaluation, sociologicul aspects and feasibility studies,



6~ ACCOMPLISHIENTS
on the whele, the progress is fairly close to plan, The

fact-finding phase has been cowpleted as scheduled and a sizable

portion of the R & D work was accomplished,

The wanagement procedures adopted in planning, coordinating,
executing und following-up the work of the project multidiéciplinury
teams through a wanaging committee (MC) proved successful, Biweekly
meetings of all project group leaders, together with biwonthly
open-duy discussion gatherings of all project key persvnnel cont-
inued on & regular bLasiy anl were very efflicient media for person-
nel awarencss of the engoings as well us coordinating and alining the

project work force to the project sel objectives,

6-1, Fact Finding:
6.1.1, JLilerature:

A nuclues of u'central project library hus been

formed, It encompusses sclected relevant buoks, reports and
I ’ |
papers, The library contents are classified und are uvailoble

to all team meuwbrrs,

6,1,2, The Asiun Study Tour und Other Fact=Finding Missiony

rthe fact=finding trip to China, Thuiland ond India

(Novewber 1979) was of tremendous velue to the project, Not
only was the six—person group (5 team key members and the
Chairman of the U.S, punel)} uble to visit personally with
researcliers, tcchnicians and users of biopas plants, but they
were uble to expericence first-hand the significanee of the
gettings in which the projects were finding greuwter or lesser
success und why, A documentury report on the trip is under

preparation with the help of Nationul Acadewy of Scinces,

In addition, several teuw members were involved in other
fruitful relevont wissions, Two wissiions finwnced by USALD
during 1980 ure worthy of mention, Dr, wl=Hulwagi, the project
principal investizoctor visited U,S, in April to attend two major

internutionnl conferences (Fourth International Symposium on
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Livestock wustes and Bio-Epergy 80), He presented a country

paper entitled "Development und Application of Biogas Technology for
Rural Areas of Egypt"in the Bio-Energy 80 World Congrese, During
May 1980, Dr, M, Abdel-Samie, the fundamental microbiology group
leader, visited laboratories at the University of Wiscﬁnsin, the
University of Illinois , the U,S,D.,A, Forest products Luboratory

in Madison, the Institute of Gus Technology in Chicago, and

attended the Awcrican Society of \icrobiology's Symposium on

Biodegradation in jiami,

6.1.3, Preliminary Survey of Typicol ppyptisn Villuges:

During the early state of the project, several vile-
loges were visited amd various relevant previous publicatious
(mostly generul villuge survuys) were compiled and reviewed,
These steps were beueficiul in guiding the project wmunuging
committee in sctting basic criteria for the sclection of the
four villages in which ficld surveys were conducted as will

be reported in the following section,

6.,2- Supportive Work:

6.2,1, The sociologicul Survey of Four Villupes:

Four preliwinury village surveys have been comple-
ted, Cowmplete details ure presented in a sepurate report
(PR/O& - June 1980¢), These provide u good deul of useful
factual informution wshout euch of the four villuges, They
slso provide un early purtial insight to attitudinul predig-
positions wbout the acceptubility of the biogus experimenta-

tion,

The selection of the four villages wus based cu fauctors
relating to: uvailubility of previous studies, relutive proxi-
mity to the NNC to fucilitute the work of the project team,
sud to provide fair fcprnsentutiou of truditionnl us well uas
new planned villuge wodels, Accordingly, the chosen villages

vere:



Table 1 : Some Relevant Data Concerning Manawat and Omar Makram Villages . -

v

Manawat Omar Makram
# Population 9600 5300
# Average famlly size 6 5
* Average Agricultural Holding
(1ardholders),feddans 1.32 b e
# Average large animals ownership 3,5 3,7
per family %Covs & baffallos) . .
* Predominent crops-. wheat ,maize,dates, peanut,Maize,Sesami
: Clover,vegetables. Clover,vegetablese.
# Use of animal wastes Fuel and fortilizer Fuel and fertilizer
* House tollets Most A1l
* Bathrooms Few A1l
* Food preparation techniques )
~ Kanoon mud stove Major (£07) Most
- Kerosene stove Most (75») Most
- Butagas stove Some (30%) Some
- Mud oven Most Most
~ electric stove - Few
% Average Household monthly fuel
Consumption: (L.%.)
Dung cakes Ol 0.8
Straw & Husk 1.2 1.2
Kerosenes 0.9 Y
Butagas 0.75 1.4
Total 3025 5'9
*» Main Community facilities &
Services
Agriculture cooperative yes yes
Agriculture unit yes yes
Veterarian unit yes yes
Medical unit yes, yes
Electricity and Potable water yes yes
Primary Schools 2 1
Elementary schools 1 1
Secondary schools . 1 -

+ But did not reach every house.
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o Omar Makram village (Al-Tubrir province, Behera Gover-
norate) as o typical example of the nev—~planned villuge
type,

1 o« Manawut, Nazlet Al-pshttir und Heet-lluhina villayes

representing traditional villages in Gizu Governorate,

The required data were collected at three levela:

.= The wholistic villuge level, This provided the basic
village physical, sociul and economic charucteristics such as:
Locétion, populution, type of soil and irrigution sources,
occupationul structure, agriculture (cultivated area,
rotation cycle, muin crops, fertilizer needa), animul re-

sources, key fumilies, and centers of uctivity,

=~ The household level (u sswple of 10 fuwilies in the case
of Omar Mukram and 29 famiiigs in the other three cases),
Collected duota included: uge, wurital status, uuwmber of chil-
dren, educational levels, economic conditions, aniwmal resour-
ces, animal und wgricultural wustes, housing conditions,
pattern of fuel consuwption, and prospective attitude toward

the project,
.= A case study on two selected fumilies within each village,

Guided Ly the unelysis of the dutu, the sociologicul team
recommended the selection of Junawut us & traditional village
and Quar Murhew us w plunned villugé for the demonstrution phuse,
The preject y(C has visited these villuges und concurred with these
recommendations, Tuable 1 outlines some relevant datu on these
two villages, Preliwminary contacts with Monawat official leuders

have already started in preporution of the dewonstrution phase, .

6.2.2, Laborsntorv and Pench-$cule Jleseurchs

This comprises all the digeatibility reseurch work
mainly aiming at optimizing conditions conductive to greater
efficiency and highest pathoygens destruction rates, The

ma jor portion of this work hus been completed,
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Anaerobic fermentation of mixtures of cow dung, scwage
ond sgricultural wastes (weeds, water hyacinth, maize and
cotton Stnlks) wus investigated at different mixing ratios,
orghnic louding und temperature, (Qptimum cohditioné for methane
production were ideantified, The fute of bucteriul indicaters
of pollution (Coliform und faecsl streptococci), as well as
pathogenic bucteria (Salm, typhiwurium) during the Jigestion
proéess under the experimentusl cunditions hus also Vbeen examined,
Recent work lhus been conducted on the fate and effect of pesti-
cides and herbicides possibly contaminuting the agricultural feeds—
tocka on the digestion process, In addition, mewmbers of this group
cooperated in following up the operation of the prototype digester

built in the \RC since Februury 1980,

The highlights of results may be summwrised in the

following:

l= The optimum initial solids concentration, which pro-

duces the highest volumwe of methune is usround B%.

2~ Tewpersture affects the rute of methune production,

but_uot the final volume,

3= The increase of wuize percent in miature with cow
dung und sewayge scems to increase gos yield up to ubout 70% muize

in the mixture, A drop occurg with further maize increase,

4~ Mixing of colton stalhks with cow dung appears to have
an udverse effect on guys yield, lowever, pretreuatuent of
cotton stulls by sosking intu hot wuter for one hour lesds to

o considerable iwprovewent,

5= The presence of tracer of pesticides (in the order of
10 ppm DDT & Lindane) cuuses on auppreciable reduction (about
25;) in the volume of gus produced, This negutive effect tends

to increase with increasing the pesticide dose,



6= Anacorobic digestion over a long enough period can
virtually affect 100% reduction in faecal coliform,
Streptococci seeuws to persist longer, Doth are wore resistant

at high orgunic loadings,

6.2.3, Lngineering and Development Work

This encompusses the work concerning the developuwent
of simple wud relioble low cost village~type biogus plunts

together with the uppropriate gas—use devices,

The engincering group has designed and constructed three
prototype digester unite, The first is 10 cu weter fixed
roof rectungulur type of Chinese design, It wus built through
a contructor, who-despite of the high cost (ubout L,E, 2000)~-
could not wschieve the required gus seal test, Severul attem—
pts have been wade to correct this shortcoming, Sowe impro-
vement occurred, but the unit still suffers from slight lecak-
age problems, Based on this kind of experience with contruc-
tors, the group decided to undertuke by iteelf the construc-
tion responsgibility for any other unit, And this was uctually

the case for tlie other two units,

The second prototype unit is 6 cu,m, cylindrical wide und
shallow type, This is must widely used unit in China, It is
8 fixed roof digester built underground, The unit wus success-
fully operuated continuously for about 8 wonths ufter which
gas production suddenly ceased and attempts are currently mude
to diugnose the reuson for this, Performunce tests huve
been conducted throughout, The effect of certoin operauting
vnriubles such us the pressure und ambient temperature were
exaﬁined. The true retention time wgs ulso determined
through a lengthy follow up of a traver, This technique is
rather novel und siwmple in which plastic beuds of similar
density to the feed muterisl ure used us tracer, It is anti-
cipated thut this type of digestion unit which costs presently
around L,E, 250 using locally uvailable materinls, hus good

prospects as o family size unit in rural aress of -Egypt,
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The gas produced in this unit was also successfully used for
the first time in the world to operate a test [fumphrey puamp,
Full details about the design, construction and operation of
the second prototype unit are given in the fourth semiannual

progress report (Pn/4~unne: 1; Septewber 1980).

The third prototype unit is a new adupted design made by
the group and which cowbines the features of both plug flow
digeaters ond the Indian movable cap types, In addition;
provisions for solur heating of the feed water and connection
to both a lutrine und animal shed are introduced, Construc-
tion has been completed and the unit is ready for start-up
tests, The effective unit si..c is about 7 cu,m, and is expected
to produce wore thau 3 cu,m, of gas daily, This fumily unit

Bize costs presently wround L.E, 400,

The design ulso seewms reudily expandable to the comwmunity-size,
Salient feutures, design and construction detuils of this unit

are included in the fourth sewi-annual prugress report (Annex 1,

PR/& - Septeuber 1980),

The gvoup hius ulso conducted sowe work on the development
of gas-use devices, A thorough survey of design dutu and theo-
ries, as well us u of existing devices in India, China and Egypt
has been mude, Assessument of locul capabilities indicuted that
locul fabricution of appropriate devices would be the Lest
and lowest cost solution, A test burner with replacable parts
was thus locally fabricated in order‘to allow determination
of optimum diwensions through actusl tests, Similar efforts
are concurrently pruceeding for the developuwent of a lower

coast local biogus lamp,

6.2.4, Fertilizer Evauluation Work:

The fertilizer cvaluation group undertokes the
coverage of ull aspects relating to the assessment of digested
products as a fertilizer und soil conditioner, as well as to
the study of the appropriate wethods of their handling, storage

ond application, The evaluation comprises loboratory work,
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greenhouse experiuwents and field tests, Up till now, the
evaluation acheme ewbodied four complementary uspecis:
Determination of the chemical composition and Biological
activity of the digested wmaterial, study of "its effects on
seed germinution und seedliug growth and detection of possi-
ble phytotoxicity, exawination of effects on plant uptuke

of nutrients, and assesswment of its influence on the soil

chemical und biologiral properties,

Results based on sumple-digestion products from the
laboratory-scule digestibility study group indivated the good
fertilizer value of the digested muterials, particularly from
the standpoints of available nitrogen and phosphorus as well
a8 microbial population, Its addition to suil improved both
ite chemical und biological properties, Generally, it can
be concluded that the digeétcd waterial haus u higher ferti-

lizing value than an equivalent wwount of furw yard manure,

Several methods for handling und storage of digested
wmaterials produced from the prototype unit (in operation since
Februury 1980 1n the NRC) huve ulso been investigated, These
were} air drying, obsorption on high absorbing baterial (Silt
8oil), und cowposting with ugriculturul wostes (tree leaves),
The results of these post-composting treatwents are presently

under anulysis,

The group ulso undertook periodicul follow-up of the
ferwentution progress in the digested slurry produced from
Lhe prototype digestion unit during the eight wonths of its
continuous operation, The wuin ewphusis wus on the evuluu-
tion of purumeters pertuining to the fertilizing vulue of the
digested slurry, Hesults iundicated thut some humification
took place during digestiou as msnifested by the increase in
humic and fulvic aucids as well as the totul extract, As
much as 25% of thie nitrogen cuntuined in the feed material
was converted tv the avuilable form and the availuble phospho-

rus was doubled, \Microbiologicul anulysis indicatéd a high
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density of favorable microbiul population, All these findings
give promising indicotions of the high fertilizing vulue of the

digeater products,

6.2.,5., Fundowental \licrobiolopgical Work

Over the past two yeurs, the fundumentinl microbio-
logical group concentruted its work on two relevunt problems:
the destruction of ova und embrios of Ascaris and the
selective inhibition of hydrogen sulfide produced during
anaerobic digestion, In aduition, the group participates in
trouble shbotxng of whutever microbiological problembs that

may arise,

During ly79, efforts were devotea to the \scaris problem,
A good deul of work wus uccowplished including the development
of novel technigues (purticulurly in attsining u highly
efficient yuantitative egy recovery), Details were presented
in the second scmi-unnual progress report (PR/2 - Septewmber 1979).
The most iwmpurtunt result of this work is that the surest way to
handle this problem is through precompustling of the digestor feed
materials where-by the generauted heut would completely uffect the

required ascuaris aestruction,

over the periocd frow Junuary till Svhtembcr 1980, the
group concentrated its work on the hydrogen sulfiae preblem,
The work encompussea three mujor purts: enumerantion of the
sulfate reducing bacteriu in the sedimenls of the NRC pro=-
totype 2 digester, the effect of"Flaugyl" (uetroniduzole)
on mixed cultures of sulfate reducing vucteria, and the
effect of incurporating wrought iron (as nuils) on the
rate of gas production, ”23 content, und sulfote reducing
bacteria count during anverobic uigestion, Detuils of the
group accomplishments were reported in the previous progress

reports (particulurly PR/2 wud PRt/4),

7~ Future Plany:

.During Phase 171, emphasiz will he on the villuge dewonst-

ratinan &tauve foncurrently. selected It & D efforts will be
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continued to tackle areas of particular interest from the

application point of view,

7-%. Yilloge Demonstrations: '

A8 mentioned before, the two villages intended as
demonstration sites, have already beén chosen, According
to the originul project master plun, dewonstration in the
first village would start by mid 1981, The YC, however,
seriously considers pushing up the tiwme table for demons~
trétion, Thus, it was proposed to evaluate the possibility
of starting the first village (Manawat, Giza) demonstration
during the early part of 1981, Preliminary contacts have
already started with the official village lecaders to exanumine
this possibility, and the prospects seen promising, Work will
continue with the appropriate decision making aud influence
structure of the village to' develop active linking ties and
identify the optimum course of wction during the preparstory
und orientution stuges, Pushing up of the dewonstrations
schedule would wllow building wore thun one digester in each
village (}—5 digesters are anticipated), This would permit the
involvement of a broader seguwent of the villuge households at
di{ferent status levels, und thus a wmore representutive test sample,
Such multiple houseliold experimenta would alleviate the high
risk in selecting only one fawily household dewvnstration,
Demonstrations will be phased in such a wanner us can be
properly munuged and controlled by the relutively limited
oumber of Project teum personnel, Puarticular usttention will be
given to truining of selected condidotes four field work in the
codatruction, operation, mintenance and servicing of biogas
systems, The NRC extension srea us well as the village

demonstration sites will be utilized in this regurd,

7.2, Continuing R & D Endeavors:

Concurrently, selected 1 & D efforts will continue with
emphasis on the wore critical points from the applied point of

view, The following iwmportunt sreas may be listed,



1, Digestibility reseurch with a view (o optimize operating

conditious using the moat prospective substrates,

2, Jdentification and correction meusures of potential
inhibitory substances which way lead to digesters mal-

functioning or even failure,

3. Studies for determining and increasing the traditionally

acknowledged fertilizer volue of digested slurry,

L, Operstion und testiug of the performance of the existing
prototype units with emphusis on maxiwmizing their

productivity,

5 Development of appropriuste appliunces for efficient biogus

utilization (e,g, burners, lamps, pumps and engines),

8= Concluding Hemmrks

Though the Project teum has been working under rather
difficult conditions, progress is fairly close to plan, This
could only be uchieved through the utmost dedication of the
project teanwm and the sustuyined personal cure und support given
by the President of the NRC to the project, The luck of funds
in local currency for supplies aund for construction of the
digesters on the NRC site necessitated the use of a portion of the
incentives money for this purpose in addition to frequent resorting
to NHC internal resources, Also, none of the expected equipument
and instruuentution has arrived und the groups have to rely
on ruther lengthy technigues, inadequate uvailuble inswtruwents
und outside services (e,g. zas unalysis in the petroleum Heseurch

Institute)_

The successful and efficient implementation of the future’
plaﬁs, purticularly the demonstration phase, would require
eradication of these andverse conditions, The uccessibility of
the required locul currency funding together with the procurement
of ordered equipment und instrumcntution would have a decisive

influence on wny future progress,



