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PREFACE

In mid-1979 a project for the Asian and the Pacific Region was
initiated by ESCAP, UNEP, and FAC as a continuation of sffects to identi-
fy opportunities for agricultural and agro-industrial residue utilization
and to stimulate development of appropriate technologies and systems for
residue utilization. Recommendaticns made at -an earlier global seminar
on "Residue Utilization-Management of Agricultural and Agro-industrial
Waste'" provided the broad framework for the current project. Through
these recommendations plans were made to focus activities at the regional
level on crops which had associated with them known residue problems. 1In
the context of Asia and the Pacific these crops were identified as paddy,
sugarcane, maizz, cassava, coconut, oil palm and rubber. It was further
decided to match the residues from each crop to specific end-uses which
included, energy, human food,  animal feaés, fertilizers, construction
materials, handicrafts, chemicals and water (for such purposes a2s human

and industrial consumption and irrigation).

An assessment of the residues from the seven crops and their
potential end-uses were to be presented from the point of view of their
environmental impact and from the technologies available and needed for
their control. It was alsco thought that comsideration should be given to
the socio-economic and institutional aspects for successful utilization

of agricultural and agro-industrial residues.

Given this basic framework a mission was launched in August 1979
to collect information on agricultural and agro-industrial residue utili-
zation in five countries of Asia: Malaysia, Pakistan, Philippines, the
Republic of Korea and Thailand. The mission team was composed of Messrs.
J.C., Williams (ESCAP and team leader), Dhira Pantumvanit (UNEP), N.C. Thanh

{(consultant from the Asian Institute of Technology) and Brian Webb (con-
sultant from the University of Malaya).

/In addition



In addition to the information collected by the mission team
several project consultants provided further details on specific aspects of
residue utilization., This information included a global overview of
regidue utiiization (Mr. R.C. Loehr, Director, Environmental Studies
Programme, Cornell University, U.S.A.), a discussion of the commerciali-
zation aspects of residue products (Ms. Malee Sundhagul, Director of the
Asian Centre for Population and Community Development and Director of
the Bangkok Microbiological Rescurce Centre, Thailand) and the experience
of India in agricultural and agro-industrial residue utilization (Mr. O.P.
Vimal, Indian Agricultural Research Institute, India).

The results of the mission and consultant investigations were
presented as a series of papers on agricultural and agro-industrial
residue vtilization at an intergovermmental workshop held in Pattaya,
Thailand on 10 to 14 December 1979. Representatives from twelve countries
in the Asia and Pacific region attended the workshop, prepared and
adapted a report which concentrated on the status and needs for continued
development of residue utilization and proposed recommendations for follow-

up action for this purpose.

The papers published in this monograph are those presented to
the participants of the Workshop on Agricultural and Agro-industrial
Residue Utilization for Asia and the Pacific region. The report of the

workshop and a list of workshop's participants are also included.

The workshop papers are ordered in a manner to best aquaint the
reader with the field and issues of agricultural and agro-industrial
residue utilization in the Asia and Pacific region. First an overview of
residue utilization is presented after which the pollution control and
management aspects of residues are detailed with special reference to
waste-water discharges. The technical and socio-economic aspects of
agricultural and agro-industrial residue uctilization is presented in the
next two.papers. These papers are followed by & study on the current and
potential institutional arrangements for use of such residues. Finally
two papers are presented on speclal aspects of residue utilization: The
commercialization of research results and a detailed country report on

residue utilization in India.

/it
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It is believed by the sponsoring organizations that the papers
presented in this publications are to date the most comprehensive and
complete information about agricultural and agro-industrial residue
utilization in the Asia and Pacific region. They are presented to
stimulate further understanding and development of this most important

envirommental field.

December 1981
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REPORT OF ESCAP/UNEP/FAO WORKSHOP
ON
AGRICULTURAL AND AGRO-INDUSTRIAL RESIDUE UTILIZATION
IN THE ESCAP REGION

ESCAP Document AD/WAAIRU/8, 28 January 1980

A, ORGANIZATION OF THE SESSION

1. The ESCAP/UNEP/FAO sporsored Workshop on Agricultural and Agro-
industrial Residue Utilization was held at Pattaya, Thailand, from 10 to
14 December 19/9. Consultants, the secretariat and the representative
from the Biological Waste Management Laboratory, United States Depart-
ment of Agriculture read th:ir papers on 10-11 December 1979. Two
working Groups were formed on 12 December 1979 to discuss {a) the tech-
nical and end use aspects of agricultural and agro-industrial residue

utilization and (b) the institutional and sovcio—economic aspects of such

. residue utilization. The discussions by the working groups concluded

on 13 December 1979. The Workshop report was adopted on 14 December 1979.

Attendance and opening statsments

2. The Workshop was'attended by twelve representatives of the
following Governments: Bangladesh, Indonesié, Lao People's Demoeratic
Republic, Malaysia, Maldives, Pakistan, Papua New Guizea, the Philipp-
ines, the Republic of Korea, Sri Lanka, Thailend and Viet Nam. The
following inter-govermmental and governmeﬁfal organizations were
represented : ASEAN Sub~committee on Food Waste, Biological Waste
Management and Organic Resources Laboratdry, United States Department
of Agriculture, and the Philippines Coconut Authority. Consultants and
resource personnel were provided by the Asian Institute of Technology,
Bangkok, Thailand, the Chemical Engineering Department, Faculty of
Engineering, University of Malaya, Kuala Lumpur, Malaysia, the Division

Jof
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of Soil Science and Agricultural Chemistry, Indian Agricultural Research
Institute, New Delhi, India, the Asian Centre for Population and Commu-
nity Development and the Bangkok Microbiological Resource Centre,
Thailand, and the Environmental Studies Programme, Cornell University,

New York, United States of America.

3. In his message to the Workshop the Executive Secretary of
ESCAP stated that the Workshop provided a good example of interagency
and regional co-operatior as it involved the United Nations Envirenment
Programme (UNEP), the Food and Agriculture Organization of the United
Nations (FAO), the Government of the Netherlands and the Government of
Thailand. He pointed out that the Workshop evolved as a direct result
of the 1977 Seminar in Rome on the Management of Agricultural and Agro-
industrial Residues sponsored jointly by UNEP and FAO, which inter alia
recommended that effort should be made at the regiomal level to expand
the knowledge of the uses of the most common agricultural and agro-
industrial residues found therein. The Workshop was the first regional
attempt to satisfy that recommendation. He requested the Workshop to
consider the future of the residue utilization approach and to recommend,
in realistic and concrete terms, a course of action whereby national
programmes would develop and international assistance pe focused

through follow-up activities.

4. The Deputy Regional Representative for Asia and the Pacific of
UNEP welcomed the participants to the Workshop. He emphasized the
immense potential in residue utilization in the region, The utilization
of residue in some instances would in itrself serve in abating environ-
mental pollution, particulafly those which were related to agro-industry.
In this connexion, he referred to the Consultative Meeting on Renewable
and Reuseable Resources in terms of agricultural and agro-industrial
residues organized in Bangkok by UNEP in March 1979 with participants
from eight countries in the region, both developed and developing. That
meeting‘fully endorsed the idea of establishing a regional network of
research institutes as a first step towards the setting up of a regional

programme on residue utilizationm.

/5.
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5. In his statement, the Senior Programme Officer, Industry and
Environment Office, UNEP, Paris, mentioned that the topic of residue
utilization was a key component of UNEP!s strategies and activities and
regsource management was synonymous with environmental management. There
was a need to evolve from a consuming society to one that conserves.
Non~renewable and even some renewable rescurces were getting scarce and
becoming unavailable. Rational and pragmatic steps on residue utiliza-
tion implemented at that time would enhance and increase the resource
base. Furthermore, such a strategy could pre-empt emotional and irra-
tional actions under ctrises conditions, when resources become even more
scarce. He briefly reviewed the activities of UNEP's Industry and
Environment Office. He noted that all the industrial sectoral reviews
endeavoured to identify, promote and disseminate low and non-waste
technologies which encompassed residues' reclycling and utilization.

He observed that the objective of the Wotrkshop was to promote and
catalyse increasing activicies in agricultural and agro-industrial
residue utilization in countries of the ESCAP region, especially on
seven crops common to that region: rice, sugarcane, maize, coconut,
cassava, oil palm and rubber, in crder to disseminate information
resulting from the Workshop, to provide elements for developing guidelines
on agricultural and agro-industrial residue utilization; and to formulate

and implement strategles and activities.

Election of officers and adoption of agenda

6. The Workshop elected Mr. W. Weeraratne (Sri Lanka) as Chairman
and Ms. Lorna C. Dipasupil (Philippines) as Vice Chairman. Mr. Haleem
Ul Hasnain (Pakistan) was elected Rapporteur.

7. The following agenda was adopted.
1. Opening of the Workshop
2. Election of Officers

3. Adoption of the agenda

4. Presentation of reports on the utilization of agricultural

and asgro-industrisl residues

/(a)
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(a) An overview of residue utilization

(b) Environmental pollution aspects of agricultural and

agro-industrial residues

(c) Technological aspects of agricultural and agro-

industrial residue utilization

(d) Socio-economic aspects of agricultural and agro-

industrial residue utilization

(e) Institutional aspects of agricultural and agro-

industrial residue utilization

(f) Review of FAO activities on agricultural and agro-

industrial residue utilization.

(g) Agricultural and agro-industrial residue utilization :

the experience of India

(h) Commercialization of research results on utilization
of agricultural and agro-industrial residues : case

study from Thailand

5. Discussion of future activities in the field of agricultural

and agro-industrial residue utilization.
6. Field trip to a taploca starch agro-industry
7. Other matters

8. Adoption of the report.

B. DISCUSSIONS AND RECOMMENDATIONS

1. Introduction

8. Residues from agriculture and agro-industries were defimed as
the non-product outputs from the growing and processing of raw agricul-
tural products such as fruits, vegetables, meat, poultry, fish, milk,
grain, and trees. While such outputs (i.e. residues) might contain

material that could be of benefit to people, their economlic values were

Jusually

- 24
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usually less than the apparent cost of collection, transportation and
processing for beneficial use, It was recognized that whenever residues
could be utilized for human benefit their subsequent gain in economic
value changes their output status from that of non-product to product.
For certain residues, such a change had already occurred, bringing with

it new and useful products.

9. Within the region there had been a marked increase in the
quantity of residues generated as a result of increases and changes in
agricultural production and in processing of raw agricultural produce
into consumable products. The recycling and utilization of agricultural
residues were of serious concern in view of: (a) the enviromnmental
hazards resulting from their non or under-utilization and (b) the short-
age of resources to meet the growing needs of the increasing population,

rapid industrialization and expanding urbanization in the region.

10C. Efficient utilization of agricultural residues was limited by
soclo~economic and institutional factors as well as by knowledge about
the quantity and characteristics of the available residues and the appro-
priate technology to utilize the residues. To accomplish effective
residue utilization, all such factors had to be considered in an integra-

ted approach.

11, A vast amount of agricultural and agro-industrial residues were
generated in the region. To provide a manageable focus in the workshop,
the following seven crops were considered: rice, sugarcane, maize,
cassava, coconut, rubber and oil palm. It was hoped that such a focus
would stimulate interest in residues from other agricultural activities

that might be generated in specific countries.

12, Several end-uses were emphasized: energy, human food; animal
feeds, fertilizers, construction materials, paper and paper board,
handicrafts, chemicals, and water (for such purposes as human and
industrial consumptior and irrigation). Each crop was considered in

terms of its applicability to those end uses.

/13.
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12, It was emphasized that numerous opportunities existed for
utilization of residues from specific crop production and crop process-
ing operations. In addition, it was noted that there were opportuni-
ties to integrate the utilization of residues from severél érdduétion
and processing operations. For example, food processing residues might
be used to feed arimals,the manure from which could be used for fish
production. Another example could be the use of sugarcane bagasse to
provide the energy for production of ethanol from cassava. Integrated
utilization of residues should be considered in as broad a manner as

possible.

2. Current status of agricultural and agro-industrial residue
utilization

14, Table 1 shows the current and potential end-uses of residues
from the growing and processing of rice, sugarcane, maize, cassava,
coconut, rubber, and .oil palm in the ESCAP region. Four time-base
classifications were selected to reflect the status of utilizatiom,
technology and product obtained. Six different end-uses: renewable
energy source; food and animal feeds; fertilizers; construction
materials, paper and handicrafts; chemicals; and water were designated

to categorize the various residues.

3. Observed needs

Institutional

i5. The institutional needs, with specific reference to agricul-

tural and agro-industrial residues, were noted to be :

(a) An agency to co-ordinate residue utilization programmes in

each country;

(b) Information on residue availability in the light of their

local uses, bulky and perishable nature and transportation difficulties;

(c) Awareness of environmental hazards resulting from in-

different residue utilization or non-utilization;

/()
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(d) Appropriate training facilities and information media on

residue utilization;

(e} Effective linkages between agro-industry and research and

developmnent Institutions;

(f) Market surveys on the potential demand for end-products

vis-a~vis alternative products;

(g) Exchange of personnel and information among the regional

countries;

(h) Model course curriculum on agricultural residue management.

Technical

16. It was the consensus that all countries of the ESCAP region
should proceed as soon as possible to compile an up-to-date and compre-
hensive survey of the kinds, amounts, avéilability and technological
aspects of agricultural and agro-industrial residues that were being
generated within each country. Such information was urgently needed to
assess the current status of residue production and use, and to develop
realistic plans for better utilization. It was alsoc an absolutely
essential pre-requisite if current institutional, technological, and

socio~-economic constraints are to be oveicome.

17. It was noted that there was a need for countries of the ESCAP
region to follow a standard format in compiling their surveys and that
such surveys be exchanged among the countries of the reglon. Such

comprehensive surveys could contain the following information :
(a) Kinds and amounts of residues generated;
(b) Current availability and usage;

(c) Chemical composition and characteristics of the residues

related to specific end-uses;

(d) Potential alternative uses of the residues;

/(e)
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(¢) Problems and constraints affecting usage;

(f) Available technology and specific operating parameters;
(g) Potential uses and needed technology;

(h) Research and development needs;

(1) Comprehensive mass balance flow sheets for the processing
of each crop;

(1) Comprehensive crop production data;

(E) An assessment of the economic gnd social benefits of
environmental protection.

18, There was a need for appropriate and integrated technology

commensurate with local conditions and chemical composition of residues.

19. There was also a need to assess the capabilities of transporta-
tion facilities in view of the possible increased processing and utili-

zation of residues.

4. Recommendations

20. The Workshop made the following recommendations :

1. A specific unit should be set up at the regional level on
agricultural residue management sponsored by ESCAP/UNEP/FAO and other

international agencies with the following objectives :

(a) To establish a documentation centre and data bank for
collection, compilation and retrieval of technical and non-technical

information on the availability and utilization of agricultural residues;

(b) To promote exchange of personnel and information among the

regional countries.

2. A lead agency should be designated in each country to co-

ordinate residue utilization programmes at the national level with the

following objectives :

/(@
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(a) To serve as an information system and data bank for collec-
tion, compilation and dissemination of information relating to management
of agricultural residues in the form of reports, data sheets and

bulletins;

(®) To act as a focal centre for contact with its counterparts

in other countries and international agencies;

QE) To create awareness through symposia, training programmes

and appropriate publications.

3. There should be a compilation, in a standard format, of an up-
to-date and comprehensive survey of the kinds, amounts, availability and
technical aspects of agricultural and agro-industrial residues that are

now being generated within each country.

4, Research and development programmes should be initiated in the

following priority areas :
(a) Renewable energy sources :

(1) Re-evaluation of the potential use of rice husk for energy

(s0lid fuel);

(i1) More research and development on fermentation of molasses
to ethanol with particular reference to improve the economics of product-

ion (i.e. to lower the production cost);

(ii1) Strain imbrovement of cellulose-~-digesting fungi, and
increased digestibility of cellulosic material through improved/innova-
tive technology;

(iv) Improvement of bio-gas technology with regard to (a)
materials and design problems leading to plant failure from corrosion,
(b) design and operational problems resulting in plant failure under
low temperature conditions, (c) combinations of residue feedstocks to
enhance operational flexibility of bio-gas plants, and (d) the investi~
gation of the persistence of human pathogens in bio-gas sludge that is

applied to land,

/(®)

- 29 .



() Food and animal feeds :

(1) Development of special (integrated) recycling systems --—-
for example, processed residues (first degree) might be fed to poultry,
and their waste which becomes a second degree residue might then be used

for fish, livestock and crop production;

(11) Selected feeding trials to determine the animal's capabi-
lity for utilizing various types of residues for feed. For exampile,
there was some indication that buffalo can better utilize cereal straws
for feed than do cattle. Information was needed on appropriate technolo-

gy and treatment of ligno-cellulosic wastes to enhance their digestibi-
Iity for both ruminant and non-ruminant animals.

(c) Fertilizers :

(1) Addirional research on the rate and frequency of application
of rubber effluent for irrigation and growth of oil palm to prevent un-
desirable accumulation of nitrates im soil and minimize groundwater

contamination from leaching;

(i1) Research and demonstration projects to determine methods
and techniques for accelerating the rate of composting ligno-cellulosic

residues;

{(i1i1) Renovation of certain high BOD (Biological Oxygen Demand)
waste waters by simple and low-cost land treatment methodse. The plant
nutrient content of certain waste waters would provide considerable
fertilizer value for the growth of crops. Demonstration projects are
needed in this regard.

() Construction materials, paper and handicrafts: New uses for
such residues as rubber wood and fibrous waste, For example, chemical
treatment might enhance their use,longevity, fire resistance, and

accoustical properties.

(e) ‘Chemicals: Increase utilization of ligno-cellulosic residues
(i.e., cereal straws) for use as chemical stock in the synthesis of

other chemicals, plastics, and textiles;

4¢9)
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(£) Water: Investigate coupling agricultural processing industries
based on their usage and water quality requirements through feasibility
studies. That would ensure the effective and efficient reuse of water

with mini{mum impact on the environment.

C. PRIORITY FOLLOW-UP ACTION

21. The Workshop noted that there was a need to identify a limited

number of activities drawn from the recommendations for urgent follow-up
action. Three activities were, therefore, selected for priority follow-
up action to be undertaken immediately on agricultural and agro-indust-

rial residue utilization;:

(E) Each Government should designate a lead agency to co-

ordinate residue utilization programme at the nationsl level;

(b) Each country should carry out a survey using a standard
format on the kinds, amounts, availability and technical aspects of

agricultural residues as stated in paragrephs 16 and 17;

(c) ESCAP in collaboration with UNEP, FAC and other relevant
international agencies should organize an interagency meeting by June
1980 in order to :

(1) Establish a mechanism to promote and co-ordinate residue
utilization programmes in the region, within the framework of ESCAP,

UNEP, FAO and other relevant intermational organizations;

(11) Promote the dissemination and exchange of information
through national and regional newsletters. Initially this could be
started as part of existing newsletters published by international
organization and national agencies; ultimately a regional newsletter
dealing with residue utilization should be developed;

(iii) Develop guidelines on residue management and utilization

(including environmental management) for planners and decision-makers,

/Also,
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Also, prepare technical manuals on major end-uses, taking into considera-
tion and incorporating where appropriate, existing work undertaken by

other international organizations;

(iv) Establish a regional forum for periodic exchange of inform-
ation, experience and viewpoints targeted at the policy, managerial, and
technical levels. is would be in the form of, for example, meetings,

exchange programmes, and fellowship schemes;

(v) 1Investigate and evaluate potential residue utilization and
assoclated environmental management projects through technical and socio-

economic pre-investment studies which would lead to project implementation.

/Teble 1
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Table 1.
(rice, maize, cassava, sugarcane, coconut, oil palm and rubber)

End~use potential of seven selected crops

9481

Note: The time base potential is designated as follows :
Present use P
Immediate potential I (1 to 2 years)
Mid-term potential M (3 to 5 years)
Future.development F (5 to 10 years)
Time-base
End use Residue Product Potential
1. Renewable Hollases Ethanol P
Energy Cassava Ethanol P
sources
Sugarcane . Ethanol P
Bagasse Solid fuel P
01l palm fibre Solid fuel 4
Coconut shell Charcoal P
Coconut leaf Solid fuel P
Cassava stems Solid fuel P
Rice husk Solid fuel P
Rubber wood Solid fuel P
Coconut stem Charcoal I
Coconut husk Charcoal 1
Ligno~cellulosic | (Char-oil M
wastes (gas
Rice straw Ethanol M
Palm oil sludge Biogas M
Distillery
stillage Bicgas M
Rice husk Charcoal M
/2.
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Time-base

End Use Residue Product potential
2. Foda and Rice bran and Animal feeds P
animal straw :
feeds ; Maize stalk, Animal feeds P
and husk
Maize gluten Animal feeds P
Coconut meal Animal feeds P
01l palm Animal feeds P
kernel
Cake, stearin Animal feeds
Palm oil Animal feeds P
Sugarcane Animal feeds P
bagasse
Rice straw Compost P
‘ (nmushrooms) '
Sugarcane Animal feeds P
leaves
Cassava Animal feeds P
residues
Bagasse Animal feeds P
Cassava Animal feeds P
Foliage
Molasses Animal feeds P
nitrogen
Edible oil Animal feeds P
refining
residues
Rice straw Animal feeds 1
(treated)
Bagasse Animal feeds I
(treated)
Rubber seed Animal feeds F
meal A
Rubber seed oil Animal feeds F
cake
/3.
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Time-base
End Use Residue Product Potential
3. Fertilizers | Rice straw Ash | 4
(burnt)
Rice straw Composting P
(bulk material) night soil
011 palm bunch Ash P
Sugarcane Organic manure
filter mud
Coconut colr Dry manure P
Rice straw Organic manure
Compost
Paper mill Organic manure 1
effluent
" (treated)
ADiatillary Organic menure 1
stillage
(treated)
Sugar mill Organic manure I
effluent
(treated)
Rubber effluent Compost, I
Organic manure
4, Construction| Bagasse Paper P
2553555%% Rice straw Paper P
handicrafts | Rice husk Particle board P
Bagasse Particle board
Rice straw Thatch P
Particle board P
Coconut tree Handicrafts P
parts
Coconut stem Timber I
Telephone poles
Posts ¢
I b
JRubber wood



-36-

Time-base
d id
End Use Residue Product Potential
Rubber wood Furniture, I
Rough timber 1
Coconut trunk Particle board
Ligno-cellu- Particle board M
losic waste
(thermodynes)
Rice husk ash Pezsolanic M
o material
‘S, 'Chemicals Coconut shell Activated P
carbon .
Coconut mill Vinegar P
effluent
Palm oil Glycerine P
refining
regsidue
Rubber seed 011
Molasses ‘Alcohol,
citric acad,
MSG, other
organic acids
Cassava pulp Citric acid
Palm Kernel Activated 1
shell carbon
Ligno-celly- Furfural 1
losic wastes
Rice husk Abrasives/ M
silica
Rice straw and Enzyunes M
husgk
Ligno-cellu- Chemical stock F L
losic waste for plastics,
textiles etc.
/6.
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Time-base

End use Residue Product poteﬁtial

6. Water Paper mill P
effluent
Coconut mill 4
effluent (Recycle,
Rubber effluent reuse 1
Cassava effluent or
Sugar mill irrigation
effluent

water)
Treated oil M
palm
011 effluent M
Distillery
- effluent
H - 3’1 -
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REVIEW OF FAO ACTIVITIES ON AGRICULTURAL
AND AGRO-INDUSTRIAL RESIDUE UTILIZATION

Introduction

The world will add at least a billion people in the next fifteen
Years and is expected to double its present population of about four
billion after the end of the century. World food and feed production
barely keep pace with population growth and reserve stocks have declined.
Most developing countries are falling behind in per capita food production
and cannot afford to import the additional food they require.

While large-scale efforts are being directed toward improving
primary food production, there is an urgent need to consider all other
means of achieving incréased food supplies. The utilization of agri-
cultural residues for human benefit is one area where strong emphasis
should be placed. 1In recent years, the problems of agricultural and
agro-industrial waste management have drawn increasing attention.

The Seminar on Residue Utilization - Mananagement of Agricultural
and Agro-industrial Wastes was held in Rome in 1977 under the sponsorship
of the United Nations Environment Programme and the Food and Agriculture -
Organization of the United Nations, The Seminar was organized jointly
by these organizations as part of their responsibilities and concern for
the protection of the environment and the need for increasing food
supplies. The main focus of the Seminar was on the utilization of waste
and residues assoclated with agriculture, fisheries, forestry and agro-
industries. Representatives from 41 countries, 45 industrial organizations
and 11 international organizations attended the Seminar.

Information Exchange

An activity on information exchange withiregard to agricultural
residues was initiated by FAO in 1973 when the first international

/directory

Presented by U Thet Zin, Regionsl Agricultural Services Officer, FAO Regio-
nal Office, Bangkok, Thailand.
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directory of institutions involved in residue utilization was published.
The Compendium of Technologies and Bibliography of Agricultural Residues
were later published.

With a view to assist the countries in their programmes for
assessment and transfer of appropriate technologies through regional and
sub-regional centres or networks, the information contained in the above
publications 1s updated from time to time. The second edition of the
World Directory of Institutions together with the Compendium of Techno-
logies and Bibliography was published in 1978, This programme of FAO on
information exchange is carried out in response to the recommendations
made at the FAO/UNEP Seminar on Residue Utilization held in Rome in
January 1977. These publications are available for distributionm.

Agricultural Residues - Quantitative Survey. The participants at the
1977 FAO/UNEP Seminar stressed the need to develop and implement practi-

cal field programmes which would demonstrate and stimulate the fuller

use of agricultural and agro-industrial residues on the national,

village and farm levels. In compliance with. this request FAQ conducted

a global identification survey inviting the views and suggestions of
policy makers, planners and specialists. A comprehensive questionnaire
was sent to governhent agencies, and national and private institutions

in 128 countries, most of them from the developing countries. A total

of 57 countries responded and suggested 72 proposals for establishing and
implementing national research, development and demonstration projects.
The majority of responses were sectorial in nature and a few of them were
too vague to be of constructive use to the survey. As a whole, however,
they do offer a satisfactory cross-section of the situation in the
developing areas of most countries, and assist in drawing up a realistic
plcture of the availability of residues and of the potential for their
utilization.

The first provisional report of the Survey is available., The
document provides a discussion of the salient features emanating from
the survey and offers some action proposals. The figures and proposals
from this Survey can be used only as an indication. Any activity in a
selected priority,area should, however, be preceded by an on-the-spot

Jand
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and in-depth feasibility study. It is FAO's intention to increase and
improve knowledge on residue svailabilities by periodical updating of data.
This will be done_ concurrently with the revising of the Directory of
Institutions the Compendium of Technologies and the Bibliography, which
were published last year.'

Fermentation Alcohol Programme. The Workshop on Fermentation Alcohol
held in Vienna in March 1979 called upon UNIDO to assist developing

countries in the production of fermentation alcohol for use as fuel and
chemical feedstock, and to seek the cooperation of FAO with regard to

the agricultural aspects of fermentation alcohol production. The overall
programme will consist mainly of (a) general studies on the economies

of fermentation alcohol production from different raw materials, e.g.
cane juice, molasses, cassava (b) fuel alcohol test programmes and (c)
planning and establishment of new and additioﬁal capacities for product-
ion of fermentation alcohol in suitable interested developing countries.

The main contribution of FAO to this programme will be in the
activities re;ating to assessment of (2) current cane output and potential
yield increases obtainable, (b) competitive market outlets for sugar cane
products and (c) potential utilization of by-products and wastes for
animal feed and fertilizers.

FAO will be involved in all aspects of plarming and implementing new agri-
cultural development required for the programme.

Utilization of Rice Husks. In view of the crucial need to introduce
modernized processes that will permit the utilization of rice husks as
an energy source especlally in the developing countries, FAO undertook
a sur#ey of available processes and equipment for burning rice husks to
produce energy, leading to high-grade ash production. One of the major
uses of rice husks is fuel to provide energy for rice mill operation.
But the ever-increasing number of diesel and electrically-driven rice
mills has largely eliminated such use except in certain aress. Consequent-
ly, large quantities of rice husks remain as unused waste materisl and
create a significant disposal problem. The common practice has been to
dump the rice husks in the open ground or into marshy rivers or creeks.
The husks are also burnmed to facilitate removal of husk stacks from the

/mill asite,
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mill site. As the result of this survey, FAO was able to publish a paper
entitled "Rice Husks - Conversion to Energy'". This publication is availa-
ble in FAO.

FAO is monitoring and promoting an initiative of a private
Italian rice miller to produce producer gas from rice husk and rice husk
ash for industrial purposes (mainly metallurgy). A pilot unit of new
design is under construction and will be combined with converted exist-

ing combustion engines for electricity generation.

Recyeling of Organic Wastes in Agriculture. A study tour was conducted

in the People's Republic of China in 1977 to acquaint senior staff from
developing countries with practices in the recycling of organic wastes
in agriculture and to exchange experience. The study group organized
under the FAO/UNDP Programme consisted of 20 participants of which 17
were from countries in Asia. The study placed special emphasis on the

practical aspects and applicability of the methods observed in China.

This study was followed by another study tour on azolla propa-
gation and small-scale bio-gas technology in China. The study took
place in 1978 under a FAQ/UNDP programme in cooperation with the Govern-
ment of the People's Republic of China.

Utilization of organic materials to produce bio-gas and manure
is not a new comcept and its technology is not only confined to China.
But the national approach leading to widespread proliferation of the
technology the relative cheapness of blo-gas units through the use of
locally available materials and communal labour and the unique basic
design of the units wherein the digester acts as a gas holder are

valuable points which the developing countries could learn from China.

There are FAO publications on Organic Récycling in Asia and on
the reports of the above study tours to China. FAO is presently prepar-~
ing a manual or handbook detailing all practical aspects of small-scale
bio-gas technology in China.

Molasses Utilization. The FAO publication on molasses utilization is

primarily intended for policy-makers, planners, development corporations
and potential investors to help them decide on the most appropriate

Juse
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use of this valuable by-product. Molasses is one of the most widely
used agro-industrial by-products but in several areas and coﬁntrien it
is one of the most under-utilized resources. The publication gives a
condensed presentation of the different possibilities of molasses utili-
zation. It also deals with fermentation processes,

Treating straw for animal feeding. A study was undertaken in selected

countries in Asia, the Middle East and Europe to assess the physicel.
chemical and biological methods of treatment of straws for improvement
of their feeding value. As a result of the study, recommendations were
made on the practical application of various methods and for further
research. In producing cereal crops, the quantity of straw that is
produced is equal to or greater than the quantity of edible grain. 1Its
utilization is, therefore, of great importance.

Availability and utilization of nom-conventional
feed resources in Asia

The FAO Regional Commission for Animal Production and Health
in Asia, the Far East and South-west Pacific (APHCA) held an interna-
tional workshop entitled "Studies on feeds and feeding of livestock and
poultry in Asia, the Far East and the South-west Pacific", in the Philip-
pines from 22 to 24 January 1980. This was followed by an Expert Group
meeting on “Regional cooperation in feedstuffs development in Asia and
the Pacific".

The main objectives of the Workshop in the Philippines were

1. To conduct studies on the available feeds and feeding

practices in livestock productien.

2. To prepare a compendium of feeds and feeding of poultry and
livestock to be entitled "A Handbook on Feeds and Feeding of Livestock
and Poultry for Asia, the Far East and the South-West Pacific".

3, To provide the countries in the Region an effective tool in
planning and promoting joint action for the improvement of animal

production.

'/New Feed
Resources
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New Fead Resources. A variety of agro-industrial by-products are availa-
ble in Asia and the Far East for use as (a) primary by-products:

major ingredients forming the base of a feeding system, and (b)
secondary by-products: minor ingredients supplementing the diet.

An FAO publication on new feed resources is available., It
provides information on the various physical, chemical and biological
methods by which the value of poor-quality roughages can be improved,
how such improved materials can be incorporated into animal production
systems and vhether this incorporation can be remunerative. The studies

include utilization of various agricultural products in the feeding
systems. '
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List of FAO Publications on Agricultural and Agro-Industrial Residue

Utilization
1. Agricultural Residues: World Directory of Institutions, FAO Agri-
cultural Services Bulletin No. 21, Rev. I
2. Agricultural Residues: Compendium of Technologies, FAO Agricul~
tural Services Bulletin No. 33
3. Bibliography of Agricultural Residues, FAO Agricultural Services
Bulletin No. 35
4, Agricultural Residues: Quantitative Survey, FAO Agricultural
Services Bulletin, Prov.
5. Residue Utilization: Management of Agricultural and Agro-Indus-
trial Wastes. FAO/UNEP Seminar papers and documents, Rome,
January 18-21, 1977, Volumes I and II
6. Les residus agricoles et leur utilisation dans certains pays du sud
et du sud-est de 1l'aise (FAQ)
7. China: Recycling of Organic Wastes in Agriculture, FAO Soil
Bulletin No. 40 :
8. China: Azolla Propagation and Small-Scale Biogas Technology, FAO
Soils Bulletin No. 41
9. Organic Recycling in Asia, FAO Soils Bulletin No. 36
10. Rice Husks - Conversion to Energy, FAO Agricultural Services Bulle-
tin No. 31 ,
11. Treating Straw for Animal Feeding, FAO Animal Production and Health
Paper No. 10
12, Molasses Utilization, FAD Agricultural Services Bulletin No. 25
13. New Feed Resources, FAO Animal Production and Health Paper, No. 4
14, Fish Silage Production in the Indo-Pacific Region - A Feasibility
Study, FAO Regional Office for Asia and the Pacific, IPFC Occ.
Paper 1978/1
15. Prospects for Fish Silage in Malaysia, Sri Lanka, Bangladesh and the
Philippines, FAO Regional Office for Asia and the Pacific, IPFC Occ.
Paper 1979/1
16, Prospects for the Production and Utilization of Fish Silage in

Thailand, FAO Regional Office for Asfa and the Pacific, IPFC Occ.
Paper 1979/2
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UTILIZATION OF AGRICULTURAL AND
AGRO-INDUSTRIAL RESIDUES

Raymond C. Loehr, Director
Environmental Studies Program
Cornell University, Ithaca, New York

I INTRODUCTION

The concerns that have led to an increased focus on agricultural
and agro~industrial residue utilization are many. All result from &
desire for better use of exlsting resources. The need to meet regional
and world food requirements, the increasing cost of raw materials, the
desire for a satisfactory quality of the environment, and the recogni-
tion that there is a limit to world rescurces are among the many motives
to make better use of residues resulting from agricultural production.

The United Nations Enviromment Programme (UNEP) and the Food and
Agricultural Organization of the United Nations (FAO) have been inter-
national leaders in attempting to identify the opportunities for residue
utilization and to stimulate implementation of appropriate utilization
technologies and systems. In 1977, UNEP and FAO held an international
seminar on "Residue Utilization - Management of Agricultural and Agro-
Industrial Wastes." The major objective of the seminar was to increase
awareness of the opportunities for residue utilization, to encourdge
governments and industry to {nitiate practical action programs, and to
enhance continuing cooperation. The topics included a survey of the
occurrence and characteristics of such residues, a review of available
technology and experience with residue utilization, and discussions of
the economic, political and social situations that are conducive to
environmentally sound residue utilization.

/One
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One of the recommendations of the seminar was that there should be
an interchange of information on residue availability and utilizstion,
especially on local use technologies and incentives, in different
geographical regions. This workshop 1s a direct result of that recommen-
dation.

The purpose of this overview is to discuss: (a) some of the factors
that are important to implementation of residue utilizatiom, (b)
available knowledge about residué characteristics and utilization techno-
logy, and (c¢) activities that have occurred since the 1977 seminar.

II NON-TECHNICAL CONSIDERATIONS

Residues from agriculture and agro-industries can be considered as
the nonproduct outputs from the growing and processing of raw agricultural
products such as fruits, vegetables, meat, poultry, fish, milk, grain,
and trees. These outputs are the residues of production and use that may
contain material that can benmefit man but whose economic values are less:
than the apparent cost of collection, transportation, and processing for
beneficial use. They therefore are discharged as wastes. If residues
can be utilized for human benefit, such as to enhance the food production,

they are no longer wastes but become new resources.

In only a few situations has residue utilization been a component
of waste management pqlicy. The traditional focus has been on the treat-
ment and disposal of wastes with the subsequent loss of material and
energy resources. This one~time use and disposal of material is a result
of policies developed during earlier periods of abundances of materials
and energy, when there was a lesser demand on world food production and
energy resources, and when there was less concern about the quality of

the environment.

/The

- 52 -

9481



0481

The World Food Conference held in November 1974 and subsequent
meetings and conferences since that time have made it clear that increas-
ing the rate of food'production, especially in developing countries, is
a high priority to meet the challenge of the existing population growth
and the urgent need to increase the quality of life. During the past 20
years, food production in the developing countries, inhabited by almost
three-quarters of the world population, has barely kept pace with the

population increase.

Developing countries are agrarian with the majority of their popu-
lation in rural areas. In these areas, the source of livelihood is the
production of food or fiber crops or the husbanding of animals that are
adapted to local soil end climatic conditions. Such countries are
interested in ways to raise incomes and living standards. Accomplishing
these objeétives will require an increase in food production, as well as
optimum use of available resources such as currently unused residues.
The residues can increase local energy supplies, be used for animal
production or as fertilizers, produce microbial protein for human or
animal consumption, or be processed to result in different human or
animal foods.

In increasing food production we must avoid destroying the ecolo-
gical base necessary to sustain it. The urgency and magnitude of more
than doubling world food production by the end of this century cannot be
underestimated. When considering utilization of agricultural and agro-
industrial residues it is important to: (a) obtain a better understanding
of the opportunities for residue utilization, (b) identify suitable
technologies for residue utilization, and (c) determine acceptable insti-

tutional arrangements and incentives to achieve residue utilization.

Protein deficiencies c¢an be severe in the developing countries,
Yet with increased affluence, people demand more protein foods and spend
more of their income on such foods, particularly proteins derived from
animal origin. If human preference for animal protein products continues,

there will be greater reliance on forages and agricultural residues as

/organic
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organic matter for ruminant feeding. This can increase food production

by making use of resources that are of no direct food use to man.

The utilization of residues accomplishes reveral important
objectives: (a) better use of existing resources, (b) increasing the
base for food production, and (¢) reduction of environmental problems

caused by the accumulation and indiscriminate discharge of such residues.

More than technical solutions are needed for agricultural and agro-
industrial residue utilization. The actual utilization will be determined
by economic forces, regulations, regional customs and institutional and

political arrangements to enhance or constrain such utilization as well as

by the techmological possibilities. Residue utilization must be considered

as part of the total food production, delivery, and cbnsumption system.
Without such a context, residue utilization generally is viewed only as an
approach to get rid of unwanted material,

Many approaches for residue utilization have been ineffective
because: (&) envirommentally sound and appropriate technologies for
specific wastes or regions were not included, (b) implementation strate-
gles did not function over a wide enough geographic area, (c) proper
consideration of the social and political situation or the preference and
desires of the people were not provided, (d) utilization was considered as
a plecemeal, nonproductive approach, or (e) a sufficiently broad array of

incentives was not included.

Clearly, there is no one approach that will be appropriate for all
situations. An approach in one location may be linked to the availability
of land, capital or equipment. This approach will not be appropriate for
those who have no land. Each approach must be examined critically under
the existing local or regional conditions. These conditions have to do
with more than the physical environment in which the approach is to be
introduced. -In an agrarian society, who owns the land, the residues, and
the equipment? Who tills the land for whose benefit? Who has the risk
capital and related human or other resources to use with the residue

utilization approach? Will the introduction of a utilization approach

/require
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require subsidies, and 1f so, what institutions will provide them? Who
will be the beneficiaries and nonbeneficiaries of the utilization
approach? 1If the nonbeneficiaries are in the majority, what are the
implications of introducing an approach that benefits the few, rather
than the many, in a developing country?

These and similar questions are raised to emphasize that an inno-
vation, such as initiation of a residue utilization approach, can be a
disruptive process. The technology associated with residue utilization is
not likely to be neutral. Its use can affect the micro or macro socio-
economic hierarchy and can reinforce or change the existing economic
order. Individuals and organizations interested in initiating residue
utilization approaches should recognize the physical, social, economic,
and political patterns that exist and that will be affected by the
approaches.

There are several basic steps that must be taken when considering
residue utilization possibilities, The first is a clear identification of
the goal or need. This could be development of emergy resources, better
pailution abatement, increased employment, better public health,
reduction of deforestation or better utilization of the natural resource
base. The appropriate approach can then be developed to utilize the
existing residues to meet that need or goal. In developing an approach,
it is essential to identify the institutional, organizational, managerial,
cbllection, distribution, and maz:keting as well as the technological
aspects of the approach.

Basically, residue utilization should be considered with optimism
because of the large quantities of wastes that are produced, the obvious
need to make better use of existing resources, and the successes that
have occurred. However, this optimism must be tempered by caution since
the result must be a ussble product at an economical cost while not
causing greater envirommental or social problems. It makes no sense to
take a waste or a residue that no one wants and turn it into a resource

that no one wants.
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A second step is to delineate any existing impediments or encour-
agements that may be needed to develop and implement the approach being
considered. These can include competing uses for the end product, type
of land or residue ownership, availability of financing, societal
structure, groups available to enhance implementation and utilization of
the approach, managerial needs and availability of parts end repairs.
Support services and market availability are keys to successful imple-
mentation and continued utilization of an approach. Too often the focus
is placed primarily on the technology that is being considered.

Technology rarely is a sole constraint to residue utilizatiom.
Major constraints and problems to residue utilization lie in the non-
technical aspects that assure that the ‘technology is implemented and will
continue to be used. A residue utilization system should be designed by
those whe will be involved in using the system. The motivation of the
people is vital to achieve a viable residue utilization approach.

When considering residue utilization possibilities, it must be
remembered that a farmer or a food processor is a business man. He is
not a microbiologist, a chemical engineer, or a sanitary engineer,
Neither are those who are likely to be involved in using the technology
used for the residue utilization. The technology that is to be used
should be capable of being integrated with the agricultural operation or
agro-industrial facility producting the residue and with the intended use
of any resultant by-product. The technology also should be able to be
understood and operated by nonspecialists.

A third step is to identify and recognize the existing state of
knowledge concerning residue availability and characteristics and the
technology for utilization. Although many of the technologies have been
utilized with one or more residues in many parts of the world, it still
may be necessary to adapt the technologies to the local situationm,
persomnel, equipment, and managerial talent and time., This may require
on-site evaluations to illustrate the application of a technology to meet
& desired goal. Many technologies are ready for utilization in various

regions and countries after adaptation to local conditionms.
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A fourth step is an understanding of the economics that are
involved. With residue utilization approaches, a cost-effectiveness
analysis on a strict economic basis is not easy, since it is difficult to
quantify the value of better public health, better pollution sbatement,
decreased unemployment and other direct and indirect benefits of a
residue utilization approach. Many residue utilization systems may be
Judged successful if they reduce the cost of current or anticipated waste
treatment and disposal, or if they result in an identified public goal,
even if they do not make a profit in the strict economic sense,

In summary the critical factors affecting successful residue uti-
lization are identification of a special goal, an adequate market,
suitable technology to process the residue under local conditions, and
an enterprise that is soclally end économically feasible,

IITI RESTDUE GENERATION AND CHARACTERISTICS

Underatanding the potentiel for agricultural and agro-industrial
residue utilization requires knowledge of how and why residues are
generated, the characteristics of available residues, and the technology
that can be considered for their utilization. Residues always have been
associated with agriculture and agro-industries. However, they have |
become more noticeable because the natural cycles associated with agri-
culture have been altered significantly.

3.1 Residue Generation

The basic needs of man include food, fiber, fuel, fertilizer, and
shelter. Small operations can and do cycle available resources. - The
basic cycle is one of the land furnishing fuel, fiber, shelter, and ¥ood
in the form of crops and animals to the consumer. In a small agricul-
tural operation, part of the residues resulting from harvesting amnd
processing is used directly by the consumer, and the remainder is
returned to the land for further utilization in additional crops. This

/approach
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approach has the benefit of proper utilization of the residues but results
in a low level of agricultural productivity.

Inexpensive fossil fuel, inorganic fertilizers, and greater mechani-
zation have been used to increase agricultural productivity and increase
the food supply and standard of living in many cowmtries, However, the
cquSUmer—land link has become weakened, and in many cases, broken. Agri-
cﬁltural and agro-industrial residues are no longer as well-utilized as
_théy were in small systems and have become more apparent and of environ-

mental concern.

The trend toward large scale agricultural and agro-industry enter-
prises continues in all countries. As production increases, the size of
facilities and the quantities of residues at a apecific site increase,

The larger the production unit, the more likely there will be residues
that require treatment and disposal, the larger the quantities of residues
at the production site, and the increased likelihood that residue utili-
zation possibilities can be considered.

The further from the basic cycle the situation is permitted to go,
the more unbalanced the situation becomes and the greater the costs of
proper residue management., The basic cycle is easier to maintain with
animal production than it is with food and fiber processing. Such
processing is further removed from the site of original productibn, and a
closed cycle is less possible. Although closed cycles may not be possi-
ble throughout all agriculture, the residues should be considered as
resources to be utilized rather than wastes for disposal.

Enowledge of the residue quantity and characteristies permits consi-
deration of waste liquids for the transport of raw products, possibilities
to reduce residue generation, recovery of specific components, irrigatien
posgibilities, by-product development, and use of residues as a fertilizer.
Therefore, an important initial step in residue utilization is te
determine the quantity, quality, and source of the residues actually
produced. If the residue utilization possibilities in an agro-industry
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are to be evaluated, a water and mass balance on the processes used will

identify the sources and quantities of the residues that are generated.
3.2 Residue Characteristics

The feasibility of residue utilization depends on the characteris-
tics of the residue, the quantity that is realistically available, the
continuity of supply, value of the residue as a useful by-product or raw
material for other products, and the cost of residue collection and
transport. For the most part, available information on the characteris-
tics of-agricultural and agro-industrial residues is woefully inadequate.
Generally the information known about residues relates to pollutional
characteristics, such as BOD, COD, TKN, suspended solids and grease,
rather than those more appropriate for utilization. More detailed inform—
ation must.be aveilable to adequately assess the potential of many residue
utilization possibilities.

The following indicates the type of information that is needed to
assess whether it is feasible to comsider utilization of a part or all of
the residues: detailed characteristics, seasonality of production, geo-
graphical distribution, and generation per umit of productiom. Only
infrequently is such information availasble. Yet it is the very informa-
tion that is needed to judge the feasibility of residue utilization tech-
nologies. For example, if one wishes to consider emergy production, one
needs to know the energy content of the residue, the quantity of residue
produced, and its continuing availability.

Assuming that informatiom on the quantity, availability, end general
characteristics of the residues is known or obtaineble, the potential
utilization possibilities can be assessed. At that time, data on specific
characteristics pertinent to such possibilities can be obtained. These
could include combustible energy content, fertilizer value, metabolizable
energy, digestibility, organic matter and similar related information.
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IV UTILIZATION TECENOLOGY

4.1 General

There are many technologies that can be considered for utilization
of agricultural and agro-industrial residues. In general, the technolo-
gles can be grouped according to their intended goal such as to: (a)
enhance food production through use of the residues as fertilizers, soil
conditioners, or for irrigation, (b) produce fuel through direct combust-
ion of the residues or through production of methane, (c) increase
animal production through use of the residues as animal feed, or (d)
enhance production of chemicals or bicochemicals.

The FAO compendium of technologiesl/ provides detalled informa-

tion on the characteristics of certain agricultural and agro-industrial
residues, the process technologies that have been used, the resultant
products, and references describing where the technology has been utilized.
Table 1 summarizes potential utilization technologies and the types of

residue that have been used with the technologies.

Additional examples of how agricultural and agro—-industrial residues
have been used include: fruit and vegetable wastes utilized as animal
feed, paper made from straw, chemicals extracted from organic residues,
and fish meal from seafood processing waste. Several industries such as
soap, leather, and animal feed manufacturing utilize meat packing wastes.
Biochemicals such as hormones, vitamins, and enzymes also have been
produced from packinghbuse residues. Animal manure has been used as
soil conditioner, as an animal feed supplement, for fertilizer, and to

produce methane.

Other opportunities for the utilization of agro-industrial residues

occur in the urban and horticultural sectors. Solids separated from

/Table 1

1/ "Compendium of Technologies Used in the Treatment of Residue
of Agriculture, Fisheries, Forestry and Related industries™
FAO Agricultural Services Bulletin 33 (Rome, 1978)

- 60 -



Table 1 Examples of Utilization Technclogies for
Agricultural and Agro-Industrial Residues

Technoclogies

Common Residues Used
with the Technologies

Energy Generatiom

- methane generation

- pyrolysis

= burning

Food Production

- single cell protein
production
- animal feed

- fish production

By-Product Production

- oil recovery

- compost

=~ pulp and particle
board

- glue, gelatin, fats

- alcohol

Fertilizers

Irrigation

-
—

animal manures, food processing

~ liquids end solids, crop residues

animal manures, wood processing
residug _
animal manures, wood, forestry

residues, bagasse, nut husks

waste sulfite liquor, fruit and

vegetable processing residues

fish silage, whey, processed animal

manures, food processing residues

animal manures, food processing

residues

seeds, fish processing residues

food processing residues, animal
manures, crop residues

forestry and wood processing
residues, bagasse

tannery reeidues, meat processing

residuece
food processing residues, whey

animal manures, food processing

residues

agro—-industrial wastewaters
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manure and food processing wastes are being composted and used for plant
growth media, soll conditioners for parks and gardens, and enimal bedding.

While the above and other methods can be used for residue utiliza-
tion, they rarely solve an entire waste problem since the material
produced or removed may be only a small component of the original residue.
There will be secondary residues requiring treatment or disposal. Such
residues will be either portions of the original residue or residues
generated in the utilization process. Thus residue utilization should not
be considered as a panacea or substitute for waste management. The goal
of "total utilization" has not been achieved with most utilization
approaches.

Any residue utilization process will be subjected to the same
pollution control measures that governed the process producing the initial
residues. Provisions must be made for acceptable ecological and economic
disposal’of secondary residues from any residue utilization process.

Information about the characteristics and available quantities of
agricultural and agro-industrial residues is fundamental to the development
of feasible residue utilization systems. Technology that may have been
successful with certain residues may be less successful with other
residues, unless the technology is modified to accommodate the character-
istics of the residues being considered. Agricultural and agro—industrial
residues vary in quantity and quality. Residues from food processing
generally are low strength and high volume liquids; those from livestock
operations tend to be high strength and low volume solids or slurrieés; and
those from crop and forest production tend to be drier, bulky, and broadly
dispersed solids. Solid residues also are generated in food processing
and livestock operatioms.

Agricultural and agro-industrial residues are organic and biodegrad-
able. Utilization technology must either use the residues rapidly, or
the residues must be stored under conditions that do not cause spoilage or
render the residues unsuitable for processing to the desired end product.

Identification of the residue sources within an agro-industry pro-
cessing plant can be important, since it provides information for in-plant

/separation
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separation of the residues. Separation of residues at the source is &
major technological means of assisting residue utilization. Such

separation generally results in less contaminated and more concentrated
residues and can enhance the technical and economic utilization of the

separated fractions.

In addition to the specific residue characteristics that must be
known when identifying the feasibility of a particular technology, there
is additional information that must be obtained related to:

- availability-—time, location, seasonality, and ability to store

the wastes

- convertibility—handling, separation, transportation, and
physical processing of the residues and end products of the
utilization technology

~ use of the end product--markets, demand and rate of growth of
demand, storability, seasonality of use

Few really novel residue utilization teéhnologies exigt. Many
have been tried at the laboratory, pilot plant, and full scale levels
with at least one residue. When considering residue utilization techno-
logy possibilities, it is impdrtant to avoid reinventing the wheel.
Available information should be critically snalyzed to learn from and
adapt the knowledge and experience that does exist. A key to the appli~
cation of suitable residue utilization technologies is the sbility to
modify technologies to the local conditions and to the characteristics
of the specific residue.

4.2 Energy Generation
Most of the population in developing countries relies on wood,

animal manure, straw, and animal and human power to meet their basic
energy needs. It is possible to produce additional energy from agricul-
tural and agro-industrial residues for use in developing countries. Both
biclogical and thermochemical processes are available for conversion of

residues to fuel. The biological approaches include production of

Jbiogas
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bilogas and production of ethanol. The thermochemical approaches include
pyrolysis to produce oils, char, and gases. Dry organic residues also

can be used directly as a fuel.

4.2,1 Biogas

The interest in nonfossil fuel energy has focused increas-
ing attention on the production of methane from the anaerobic'fermenta-
tion of organic residues. Table 2 indicates some of the agricultural
and agro-industrial residues that have been used or that have the poten-

tial for methane generatiom.

By using residues for methane generation, the additional
value of the methane can be gained while realizing other bemefits. The
original nutrients in the digested material can be returned to the soil
as a fertilizer and to improve organic matter content. In many develop-
ing countries, locally collected firewood is used for village heating.
The collection of such wood has denuded forest and agricultural land,
increased eroéion and flood problems, and decreased the agricultural

base for crop production.

Where methane is produced for domestic or farm use from
available organic wastes, the drudgery of collecting wood, dried dung, or
crop residues and the smoke generated by burning of these materials has
been reduced. In addition, when applied to the fields, the stabilized
wastes from the methane digestion unit have helped increase agricultural
yields, control erosion, and maintain desirable soil characteristics.
Methane generation is' a process that helps conserve rather than lose
nitrogen and other important components in the wastes.

The end result of applying digested sludge on soils 1s the
same as that resulting from the application of any other organic matter.
The digested solids can improve soil physical properties such as aerat-
ion, increase the moisture-holding capacity, increase the cation exchange
capacity, and improve water infiltratiom. The sludge can serve as a

source of nutrients for the crops grown on the soil. When animal and

/ Table 2
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Table 2 Agricultural and Agro-Industrial Residues
Having Potential for Methane Generation

By-products from agro-industry such as oil cakes, fruit and

Anima] wastes including bedding, wasted feed, and poultry litter

Crop wastes such as sugarecane trash, weeds, straw, spoiled
fodder, and forest litter, especially if mixed with nitrogen-
containing residues

Slaughterhouse wastes, fishery wastes, leather and wool wastes

vegetable processing residues, sugar production press mud,

sawdust, tobacco wastes, distillery residues, rice bran

Aquatic growth such as marine algae, sea weeds, and water hy~
acinths

/agricultural
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agricultural wastes are used for methane generation, there is little like-
lihood that any items in the sludge will cause adverse conditions to the
crops or to the animals fed crops grown on land where the digested solids
are applied.

Other benefits accruing from methane generation include
those obtained from using the methane for heating, cooking, lighting,
refrigerating, pumping irrigation water, or running other power units.
There may also be improved public health, agricultural productivicy
increases, and increased employment. The use of village scale digesters
can provide a sanitary means of human waste disposal that might otherwise
be lacking.

Methane generation is likely to have its greatest use in
areas remote from fossil fuels or other energy sources, where available
fuels are better used for other purposes, and for small villages and

activities where methane 1s used at or close to the production site.

The process of anaercbic digestiomn is a natural one which
occurs whenever organic matter is microbially decomposed out of comntact
with air. During the anaercbic digestion of most organic wastes, gases
containing 60 to 75 per cent methane can be produced when consistently
high rates of digestion are maintained. Approximately 8 to 9 cubic feet
of gas can be produced per pound of volatile organic matter added to the
digester when easily biodegradable wastes are digested. Lower gas
production rates result when less blodegradable wastes are digested.

The production of methane from waste is centuries old and the applicable
technology is well known.

In countries where energy supplies have been hampered by
low natural abundance or inadequate distribution, methane has been
generated from available residues to meet ex.sting needs. For examjle,
the process was used 1in several countries during and following World
War II, several thousand units are operative in parts of Asia using pig
manure and by-products from individually owned and cooperative pig farms,
and in India, crop residues and cow dung are used in family and village

operataed units.

/Rey
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Key items in the successful operation of a methane generator
are: - (a) the biodegradability of the organic matter, (b) acceptance by
the potential user, (c) ability to store the gas or use it when produced,
(d) adequate raw material to meet production requirements, and (e)

suitable operational control and maintenance.

The biodegradable fraction of agricultural and agro-
industrial residues will vary depending upon their source and how they
were generated and handled prior to digestion. For example, only 40 to
50% of the volatile solids in dairy manure may be biodegradable and
available to produce methane. To use anaerobic digestion most effective-
ly, inert material such as sand and dirt should not be included, and

fresh wastes should be utilized.

An important aspect to be considered with anaercbic digest-
ion is that the total volume of digested material that remains and must
be handled for final disposal is equal to or greater than the amount of
residues added to the digester. Any increase will be due to the liquid
that must be added to the procéss to dilute dry material and obtain a
mixsble solids concentration. Although considerable solids decomposition
occurs when methane is generated, little reduction of the total digester

volume occurs.

4.2,2 Ethanol Production

A number of cellulose, starch and sugar containing residues
can be converted t: ethancl. Production of ethanol by fermentation
involves the following steps:

- availlability of a suitable and continuing supply of raw,

fermentable material

-~ conversion of the raw material tc a medium suitable for

fermentation by yeast
~ fermentation of the medium tc alcohol
- recovery and purification of the ethanol

- treatment, disposal, or utilization of the fermentation

residue

/The
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The availability of a suitable and continuing supply of
fermentable material is necessary because there appears to be little
value in operating an alcohol plant intermittently or at less than full
capacity. If the raw material must be stored to assure continuity of
alcohol production, it should be stored in such a menner as to avoid

microbial decomposition.

Conversion of the raw material to a fermentable medium can
be gimple for residues such as molasses. Starch-containing residues
need to be cooked and the starch hydrolyzed to sugars by acid or enzymes.
More resistant materials such as wood will require chemical treatment

prior to fermentation.

Purification of the ethanol is done by distillation which
involves a significant energy input and cost. The alecochol production
residues cﬁn be treated by anaerobic digestion to produce methape which
may be used in the pmduction system. An energy and cost balance should
be performed on any proposed ethanol production approach to ascertain
that a positive energy balance results, i.e., that the energy output
exceeds that used in the process and in treating or utilizing the resul-

tant residues.

4.2.3 Pyroiysis

Pyrolysis is the high temperature decomposition of organics
in the absence of oxygen. Reactor temperatures range above 900°C and
high pressures are common. The products are ash, oils, and gases such
as hydrogen, water, carbon dioxide, methane and ethylene. In general,
over 90% of the heat value of the residue is retained in the products of

te process.

The process has been in use for decades to produce metha-
nol, acetic acid, and turpentine from wood with recovery of the charcoal.
Pyrolysis has been investigated as a potential process for egg farm

wastes (dead birds, litter; manure), cow manure, rice bran, and pine bark.

/Pyrolysis
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Pyrolysis is a high technology process requiring continuity
of raw material, reasonable consistency in raw material characteristics,

and adequate technical operation and maintenance.

4.3 Land Application

An important way to utilize liquid and solid agricultural and agro-
industrial residues is to apply them to the land and benefit from them as
fertilizers, soil conditioners, and for irrigation. The advantages of
returning organic residues to the land include: (a) less dependence on
increasingly costly chemical fertilizers, (b) improved soil structure,

and (c) reduced need for the application of micronutrients.
4.3,1 Fertilizers

Before the availability of mineral fertilizers, animal
manures, human wastes, and composts were the primary source of crop
nutrients. While the availability of mineral fertilizers has resulted
in a lesser interest in organic wastes as fertilizers, the principles of

such use remain valid and can be employed for increased crop production.

Certain residues, especially those from livestock product-
ion and processing can be useful as & fertilizer. Residues of vegeta-
tive origin, such as fruit and vegetable processing wastes and crop
residues, can increase the organic content of the soil and add to its
fertility. Organic residues from agriculture contain most of the elements
needed for plant growth and can supply nutrients through decomposition at
a rate comparable *o that needed by growing plants.

Land that continues to be used for crop production without
the addition of fertilizers will have the available nutrients seriously
depleted. Frequent additionm of nutrient containing residues can maintain
soil fertility and crop production.

Nitrogen is one of the important components of organic
residues that make them possibilities as fertilizers. The nitrogen in
such residues should be better utilized. In the United States of America,
greater than 50% of the nitrogen in organic residues such as animal

manuree is lost using current handling procedures. On a nationwide basis,

/nitrogen
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nitrogen losses from animal manures in the U.S. may approach four million
tons anpually. The percentage losses can be higher in countries that
make little attempt to store and use animal manures as part of crop
production., If organic agricultural and agro-industrial residues can be
used as fertilizers and soil conditioners, the base for food production

in all countries, but especially the developing countries, can be enhanced.

In general, one of the best ways to utilize organic residues
is to return them to cropland and reincorporate them in the soil. The
feasibility of this approach is influenced by factors such as: (a) the
economics of transporting the residues to the land and incorporating them
in the soil, (b) the transmission of plant pathogens, and (c) the need to
avoid exceeding the capacity of the land to assimilate the residues. The
proper residue application rates must be determined by local conditions
such as precipitation patterns, natural soil fertility, crop needs, quan-
tity of needed nutrients, and factors in the residues that may inhibit
crop groéth.

Crops which seem to be the most suitable for effective
utilization of roganic residues such as manure are crops which have
prolonged growth periods, crops which use large amounts of fertilizers,
and fodder and grain crops such as clover-grass mixtures, potatoes,
gilage corn, and other silage grains. Manures from modern animal product-
ion units are a valuable organic fertilizer and soil conditioner return-
ing nutrients and organic substances to the land, increasing soil
fertility and productivity, and possibly improving the ecological balance,

4.3.2 Composting
Composting offers another opportunity to recover and
utilize the nutrients and soil conditioning factors in agricultural and
agro-industry residues, in urban organic refuse, and in cther organic

industrial residues.

Composting i1s an aerobic, biological process in which organic

residues are converted into humus by the numerous soil organisms. These

/include
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include micro-organisms such as bacteria, fungi, and protozoa and invert-
ebrates such as nematodes, worms, and insects. Nutrients are conserved
compositing. Some are absorbed on the fiberous matter in the residues
and others are incorporated in the humic material formed by the organisms.
When compost is applied to the soil, these nutrients are released slowly
and made available to plants over lomg periods.

The factors that affect the composting process include
moisture content, nitrogen, phosphorus, potassium and other minerals,

aeration, carbon/nitrogen ratio, pH, and temperature.

Water content plays an important role in composting. The
proper water content of compost is about 50 to 70X, . Compost should feel
damp, not wet. Composting generates heat and water is driven off during
the process. If insufficient water is present, the compost will dry and
decomposition will slow. With an excess of water, nutrients may be

leﬁched and undesirable snaerobic conditions can occur.

Since composting i{s an aercbic process, all of the compost-
ing material should have access to air. This can be accomplished through
physical turning or incorporation of air passages in the mass with
stalks, pipes or tiles.

A pH range of 6 to 8 is desirable for optimumm growth of the
organisms in the composting process. During composting, organic acilds
are produced which can reduce the pH and the rate of composting.

Alkaline material such as lime, mollusk shells; egg shell, crushed bone
or wood ashes can be added to neutralize the acids -and maintain an

efficient composting rate.

The composting organisms require & certain amount of
nitrogen for their growth. A suitable carbon to nitrogen (C/N) ratio
for composting is about 20 to 30 to 1. If the ratio is less than 15:1,
nitrogen can be lost from the process as ammonia. If an ammonia odor is
noticeable, this indicates that the C/N ratio is too low and carbon

sources such as shredded leaves or paper or sawdust should be added to

/the
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the composting material., If the ratio is greater than 30:1, there may be
insufficient nitrogen for the organisms and the composting rate will
decrease. Residues high in nitrogen, such as manures, can be added 1if

inadequate nitrogen is a problem.

Considerable heat is generated as the micro-organisms
decompose the organic residues., Temperatures can reach 40 to 60°C. With
these temperatures, human and livestock pathogens and parasites are
rendered non-infective or are killed. High temperatures are enhanced by
proper moisture, aeration, and C/N conditions and by small residue
particle size and intermittent mixing.

Composting is complete when the temperature of the compost-
ing material returns to ambient temperatures, and when the compost is
finely divided dark in color and has an earthy odor. The compost not
only will ﬁrovide nutrients but will enhance the physical structure and
water holding capacity of the soil. . ‘

Composting has been used in many countries on both a small
and large scale. The technical know-how is available for village level

and agro-industrial use of the process for organic residues.

4,3.3 Irrigation

Application of agricultural and agro-industrial waste-
waters to land, either for crop irrigation or for groundwater recharge,
can be a very effective way of utilizing this materigl. This approach
is best utilized in areas with a deficit of available water during part
or all of the year.

Agriculture is a major user of water, primarily for irri-
gation and for food and fiber processing, Irrigation of cropland with
wastewaters offers possibilities for both water reclamstion and utiliza-
tion of the nutrients and organics in the wastewaters. The microbial
and plant action in the plant-soil filter can remove organics, most
inorganics, and bacteria. Upon reaching the groundwater, the wastewater
has lost its identify and has been renovated. The nutrients and organics

can be incorporated in the crop grown on the irrigated site.

/Considerable
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Considerable use also has been made of municipal waste-
water and sewage sludge for agricultural purposes. Adequately treated
municipal wastewater'can be used for the irrigation of pasture land,
cotton, and grain crops. Application of sewage effluent to land will
further treat the effluent, thus augmenting groundwater supplies, in
addition to the effluent being utilized as a source of irrigation water.

Such a practice also reduces the pollution load to streams of the area.

Land disposal of residues partially restores the nutrient
cycle of food and crops which is interrupted by the tramspert, treatment
and disposal of food and crop wastes to surface waters. Such an. approach
often is less expensive than other waste treatment and disposal alterma-
tives, To utilize wastewater irrigation as & long term viable alternma-
tive, the concentration of salts in the root zone of the crops must be
kept below detrimental levels.

Irrigation has been used to dispose of wastewaters from
dairy and milk processing wastewaters, food processing and camning waste-
waters, as well as treated mumicipal sewage and to enhance the food

production potentisl of the irrigated land.
4.4 Animal Feed

The traditional method of increasing livestock production
by supplementing forage and pasture with grains and protein concentrates
may not meet future meat protein needs. Use of the grain and protein for
human food will compete with such use for animal feed. In addition, the
conversion of many available residues diredtly to human food presents
problens when the source of the residue is not food grade. These
problems may be circumvented by utilizing residues to feed domesticated

animals.

Many organic residues such as paunch manure, fish meal, oil
seed meal, whey, and vegetable processing residues can be used directly
for animal feeds. Indirect approaches to use agricultural residues for
animal feed include refeeding of processed animal menures, production of

insect protein, and production of fish.

/In
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In the production of many food crops, residues suitable for
conversion to animal feed equal or greatly exceed the food actually
consumed. Only about 60Z of root and tuber crops, 40Z of grain crops,
15Z of oilseed crops and 102 of sugar crops are consumed directly for
human food. The remainder of these crops have a potential for use as
animal feed.

The quantities of these residues are large. Recent
estimates indicate that cereal straw production in Asia is over 600
million tons of straw. The residues from cassava, bananas, citrus fruits
and coffee are estimated to be about 124 million tons in Asia, Africa,
and Latin America. These regions also produce an estimated 83 milliom
tons of sugar cane residues. In additibn, there are about 3500 million
head of all types of domesticated livestock in these three regioms. .The
manure from these animals has the potential for various types of utiliza-
tion as part of the animal feed cycle.

Crop residues have a high fiber content and are low in
protein, starch or fat. Cell walls of straw primarily are lignin, cellu-
lose, and hemicellulose. The digestibility of the lignin-cellulose
material is inversely related to the amount of lignin in the crop residue.
Rice straw has a silica content of up to 152 which can adversely affect
digestion.

Physical disruption of the straw structure by grinding can
increase digestibility. Alkali treatment using sodium hydroxide, calcium
hydroxide, and ammonia has been found effective in increasing ruminant
digestibility of straw.

4,4.1 Fermentation

Many fermentation processes can improve the nutritional
value of agricultural and agro-industrial residues for animal feed. 1In
these processes, micro~organisms decompose the organic matter and comvert

cellulose into protein.

/Ensilation

-74 -



Ensilation has long been a method of improving feed quality
and conserving crop residues for animal feeds. It can be conducted in
simple or complex facilities and can be applied to a wide range of
residues. Lactobacilli play a predominant role in ensiling where they
rapidly acidify the mass to repress the growth of undesirable micro-
organisms. The lactic acid that is produced imparts a desiraeble odor and
taste to the mass. Stimulation of lactic acid production can be
achieved either by addition of selected organisms or by providing a
suitable medium in which such organisms can develop. In terms of nutri-
tionalvvalue of the feed produced, ensiling affects primarily the nitrogen-
free extract substrates., The soluble carbbhydrates are reduced and

fatty acid content is increased.

An ensilage process known as '‘wastelage" has been used to
process animal manures into animal feed. The wastelage system consists
of blending 40% wet manure, at about 70-802 moisture, with dry standard
feed ingredients followed by ensiling the mixture for over 10 days.
Fermentation occurs in a silo and the pH decreases to near 4.0. This \
acidic condition inhibits most biological activity. The resultant waste-
lage has been fed to cattle and other animals successfully. \

Food processing residues are able to be microbially convert-
ed to animal feed since they can contain a balanced concentration of
organic and inorganic nutrients and there rarely are toxic materials
present. A major problem is the seasonality of waste availability.
Capital expenditures for microbial processing facilities are usually

based on year round operation.

Many examples illustrate residue utilization using micro-
organisms. These include processes to produce fermented food and single
cell protein (SCP) and nonspecific processes such as biological treat-
ment processes that involve generation of microbial protein. The

following indicate available information on such processes.

There are a variety of fermentable carbohydrate sources
for SCP. Residues such as waste sulfite liquor, whey, starch, and

molasses may be used to produce biomass by conventional fermentation

/technology.
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In the production of many food crops, residues suitable for
conversion to animal feed equal or greatly exceed the food actually
consumed. Only about 60Z of root and tuber crops, 40% of grain crops,
15Z of oilseed crops and 10% of sugar crops are consumed directly for
human food. The remainder of these crops have a potential for use as

technology. Cellulose is the most abundant carbohydrate raw material and

is available in waste paper, bagasse, wood pulp, sawdust, and hay.

The Pekilo process 1s a process tc produce feed protein
from carbohydrate residues through fermentation with the microfungus

Paecllomyces variotii. The research leading to this process was initia-

ted at the Finnish Pulp and Paper Research Institute., The Pekilo protein
is a safe, high-quality feed ingredient approved by Finnish authorities
for animal feed., The protein and fat content of the dried product is
55607 and 2-4% of the dry matter respectively. It has been estimated
that a yield of 200 pounds of cells containing 607 protein could be
produced per ton of pulp. Feeding studies on rats indicated the cell

material was palatable, nontoxlc, and an excellent protein supplement.

4,4,2 Direct Refeeding

Many agro-industry residues, especially those derived
from food processing, contain the same constituents as the original
product, A number of such residues have been used directly as animal
feeds. These include pineapple bran, bagasses, bananas, ramie, coffee
wastes, mustard wastes, cltrus pulp, grapeseed meal and olive cake.
Most have been fed to ruminants at levels of 5-207 of the total feed

with no adverse effects.

The possibility of recycling animal manure directly as a
feed ingredient for animals to provide a source of nutrients while
minimizing potential waste pollution has received considerable attention.
A common conclusion is that if nutritional principles are followed, a
portion of animal manure can be used as an animal feed supplement.
Animal manure and poultry litter may be an economic source of nutrients
and should be recognized as a possible feed ingredient. To be handled
in this manner, such materials would be subject to feed control laws in
the same manner as are other feed ingredients., In research evaluations,
feeding processed animal manures has not altered the taste or quality of
meat, milk, or eggs. Potential transfer of organisms can be controlled

by dehydration, drying, composting, ensiling, or fermentation.
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In general, the nutritive value of incorporating animal
manure in animal feed rations is greater if the manures of single
stomached animals are added to the feed ration of ruminants, and if the

manures are treated chem,cally before being added to feed ratioms.

Available information on manure digestibilities and
chemical characteristics indicates that they may be considered best as
low energy-containing supplements of nitrogen and minerals, especially
for wastes from animals that exist primarily on forage and hay. Levels
of manures in animal rations reported as successful have ranged from 10

to 257 of the ration dry matter content.

4.5 Other Approaches

In addition to the above approaches, there are many others that
could be considered. The intent of this section is not to provide
details of all the available processes but to illustrate additiomal

approaches that can be considered for improved residue utilizatiom,

Approaches to residue utilization generally focus on utilization of
existing residues. However, such approaches also should focus on
reducing the quantities of residues that are generated. These reductions
can increase usable food supplies. It has been estimated that 1f the
food losses that occur between harvest and consumption could be decreased
by 30 to 50%, the available food supply could be increased by 10 to 15%.
This would have the effect of reducing residues while better utilizing
available resourc.3i. In doing so, valuable animal and human food would

not occur as waste and food production would be increased.

Food processing operations can provide examples of how process modi-
fications can improve residye utilization. New mechanical deboning
processes have the potential of increasing the amount of available red
meat by 3 to 4% thus reducing waste production and better utilizing
available animal products for food production. Blood contains approxi-
mately 17% protein and the totel recovery of this material could result
in the production of over 180 million kilograms of protein in the U.S.

alone.

/Cheese
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Cheese plants can be modified to include equipment to recover and
process whey which is the liquid by-product of cheese manufacturing.
Most of the whey is discharged to waste treatment plants or to the
environment thereby increasing the cost of the cheese production and the
costs of water pollution control. Whey can be used as a partial animal
feed, a feed supplement, a starting material for chemlcal production
such as alcohol, and as a growth medium for microorganisms to produce
organic chemicals. Whey powder can be blended with basic food materials
to produce new and/or less expensive foods such as process cheese food,

fruit sherbets, custards, and bakery goods.

Fish processing also offers opportunities for residue utilization.
Fish represent a largely untapped source:of large quantities of protein,
particularly parts of fish or whole fish being under-utilized or wasted.
At the present time, more than two-thirds of the harvested seafood is
not being utilized directly as human food.

Little of the fish which enter a processing plant need remain as
wastes, Stickwater (water which has been in close contact with the fish
and contains considerable organics) and the nonedible portions can be
collected and processed into products such as fish meal or fish solubles.
Solids can be ground, cocked and pressed to remove valuable liquids and
oils before the residue is dried. This fish meal can be bagged and
marketed for different uses including fertilizer and animal feed additives.
The liquids and oils from the processing of the cooked solids can be
concentrated along with stickwater and ground viscera in & solubles plant.
After concentration, the solubles can be marketed as animal feed and

for other uses.

V EXAMPLES

5.1 Introduction

Many examples can be provided that 1llustrate how agricultural and

agro-industrial residues have been utilized. ‘A number has been

[identified
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identified briefly in the previous section. This section will present
specific examples that appear to be particularly relevant to the countries

attending this workshop.

5.2 Fish Silage

About 20 million tons of fish per year are processed into fish
meal. Modern fish meal producfion is capital intensive and technologi-
cally complex. An economic operation will occur where large volumes of
fish are available on a regular basis. Other alternatives will have to
be used where smaller volumes of fish and fish by-products exist.

Fish wastage 1s a major problem throughout the world with losses
estimated to be about 4 to 5 million tons per year. Conversion of this
material to animal feed by acid ensilage represents an important method
of utilizatiom.

Fish silage can be a simple and inexpensive means of preserving
waste fish for animal feed. TFish silage 18 a liquid product made from
acid and fish or parta of fish. Inorganic or organic acids can be used
or the production of lactic acid can be encuraged by mixing a carbohy-
drate source with the fish and fnoculating with lactic acid producing
microorganisms. Optimal liquefaction camn occur with 32 formic acid
addition.

Compared to fish meal produgtion, fish silage requires 1little
capital investment, little sophisticated techmology, and is comparatively
cheap to produce., The process can be used at both the individual and
industry levels, The silage product may be used in a liquid or dried
form. With conventional feeds, liquid feeding systems have advantages.
The process also can be applied to animal by-products such as animal and

poultry offal.

Fish silage production on an industrial scale occurs in Denmark and
Poland where a total of about 40,000 tons was produced in 1974. 1In
both countries, the silage is used to supplement pig feed. Experimental
fish silage production and animal feeding trials are underway in Indonesia,
Malaysia, Singapore, and Thatland. Fish silage produced on a village or

/industrial
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industrial scale could help satisfy the increasing demand for animal
protein in these countries, possibly reduce fish meal imports, help remove
a pollution problem, and make fuller use of marine resources.

To accomplish greater production and utilization of fish silage,
there will have to be a more integrated approach between the fishing and
livestock industries, feeding trials should be conducted to identify
appropriate local animal feeds, and the corrosive nature of the silage
should be controlled.

5.3 Algae Production

The conversion of solar energy into cellular protein can be a
potential way of increasing animal feed production. Research in several
countries has shown that human and animal wastewaters can be excellent
substrates for algae production. The algae are capable of photosynthesgis
to release oxygen which helps support the bacterial and other micro-
organisms that decompose the organic matter in the‘wastewater. This
symbiotic action stabilizes the organic waste and converta the nutrients
into algal proteins. Algae contain about 45 to 65Z crude protein. Im
terms of protein production, algae can produce many times more kilograms

of protein per hectare than can soybeans or corm.

The types of algae which can be grown are highly variable depending
upon local climatic conditions, wastewater characteristics, and opera-
tional characteristics. Those commonly encountered include Chlorella,
Oscillatoria, and Scenedesmus. Harvesting of small, single-celled algae

can be & constraint to-large scale algae productiom.

~ Postharvest processing of waste-grown algae can range from sun-
drving to drum-drying. Sun-drying is a low emergy process, but the
digestibility of sun-dried algae is lower than drum-dried algae. Algae
utilization in figh, poultry and pig feeding has been demonstrated in
Philippines, Singapore, and Israel.

Algae most suited for efficient large scale algae production are
the blue green algae Spirulina maxima and Spirulina or Arthospira
platensis. These have been identified as having considerable potential

/as
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as an animal or human food since the cell protein qualiity is good and 1s
toxin free. These algae are large and prefer a highly alkaline medium
(pH 10-11). The large size facilitates hatrvesting by screens or cloth.
These algae have been utilized for food in Mexico and Chad for many years.

5.4 Aquaculture

The use of organic residues for feeding fish has occurred for
centuries. Pond culture of fish has several advantages for residue
utilization, Fish have a density approximately that of water and need
less energy than land animals to move and support themselves. This
increases the efficlency of converting residues to fish growth. Omce a
system is properly stocked, the only external requirement is minimum
management and sunshine for photosynthesis, Fish ponds can be productive
with winimum labor, low capital inpﬁt and can be placed on land unsuit-
able for agriculture.

A part of the fish food developed in a pond results from the
nutrients in the residues. This food consists of small organisms, plants,
énd animals. Due to the small size of this material, harvest by man is
difficult. However, if fish are stocked at the correct demsity and
species combination, the fish can harvest organisms efficiently thus

converting nutrients to fish protein,

Many organic residues can be used in aguaculture, such as oilseed
cake, distillary residues, and slaughterhouse and food processing
regsidues. Animal manures can serve as an indirect food by enhancing the
production of natural aquatic food in fish ponds. The bacteria that
decompose the manures serve as food for protozeca, zooplankton, and higher
organisms which are consumed by the fish.

Intensively manured fish ponds have produced 15 to 30 kg. fish/ha/
day with cow or chicken manure and nitrogen and phosphate as the only
nutritional inputs to the pond. This compares to fish yields of 1 to S
kg/ha/day with no external fertilization and 10 to 15 kg/ha/day with only
chemical fertilizers. A polyculture of common carp, tilapia, and silver
carp were stocked in these ponds. OSwine manures alsc have been ‘used in

controlled fish production.

/Polyculture

6-1 - 81 -



Polyculture is necessgary to obtain high fish production levels since
each species feeds on different organisms. Use of polyculture alsc
prohibits a bulild-up of umugsed food and metabolic products that can in-
hibits a build-up of unused food and metabolic products that can ip-
hibit growth and require flushing or water recycling systems.

Polyculture systems can be integrated with livestock productiom.
Manures can drop directly and continuously into the fish pond or can be
transported and added continually. Polycultures can involve many types
of aquatic life. The most common use multiple species of fish. Such
species include: (a) those that feed on aquatic vegetation and terres-
trial residues such as food processing residues, (b) those that feed on
zooplankton and other aquatic life, and {c) those that feed on benthic

material.

The pfoduction achieved by polyculture is dependent upon climate,
quality of the organic residues, aeration, temperature, management
practices, and types, numbers and sizes of the fishes that are stocked.
With intensive management and optimum conditioms, high. production rates
of over 15,000 kg fish/ha/year can be obtained. Lower rates, in the
range of 2000-5000 kg/ha/yr, are more common in less intensive systems.

Fish polyculture systems utilizing organic residues are in opera-
tion in many European and Asian countries. The technology for aqua-
cultﬁre using organic agricultural and agro-industrial residues is
available. Capital and qualified management and labor &re needed for

increased use of this approach.

VI INTERNATIONAL ACTIVITIES

As indicated earlier, UNEP and FAO have held an international
seminar dealing with the utilization of residues from agriculture and

agro—industryg/. Working groups analyzed the residue utilization
/opportunities

2/ UNEP/FAO Seminar on Residue Utilization Management of Agri-
cultural and Agro-industrial Wastes, FAO (Rome, January 1977).
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opportunities for sugar, oils and ollseeds, cereals, fruits and vegetables,
animal production, fish harvesting and processing, starchy roots and
tubers, cellulosic residues and single cell protein. The seminar recom-
mendations included :

- Each country or region should establish or have available
center to coordinate and carry out the research, development
and other investigations necessary for the evaluation and

success of possible residue utilization approaches.

~ Each country and industry should esteblish strategies and
priorities for residue utilization that reflect realistic
social, economic, and technical goals.

-~ There should be an interchange of information between similar

regions, especially on local use technologies and incentives.

- Greater incentives, such as strict pollution control regula-
tions, waste discharge taxation, and subsidies to enhance
utilization, should be provided for residue utilization.

-~ There should be experimentation with technology adapted to

local situations.

- Govermments and non-governmental organizations, including
industry, should establish development and field projects to
illustrate the possibilities of utilizing the residues in

their region or country.

UNEP, particularly through its Industry Programme based in Paris,
and FAO, through its headquarters in Rome, are continuing to provide
information on residue utilization to all interested parties. Of
particular interest to individuals interested in utilization of agricul-

tural and agro-industrial residues is the World Directory of Institutiouaé/

/involved

3/ "World Directory of Institutions Concerned with Residues of
Agriculture, Fisheries, Forestry and Related Industries", FAO Agricul-
tural Services Bulletin 21 (Rome, 1978),
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involved in such utilization and the Compendium of Technologiesilthat can
be used for utilization of these residues. The Directory and the
Compend{um provide a broad base of information on these topics.

More recently a quantitative survey of agricultural residues and
their utilization has been prepared by FAOQ/. This survey attempted to
analyze the utilization of agricultural and agro—industfial residues
fﬁroughout the world. Responses were received from 57 countries.
Profiles of the availability, actual uses, and proposed utilization of

such residues in 45 countries are presented in the bulletin.

Table 3 summarizes the major quantities, current constraints to
utilization, and the type of assistance that might be needed for
enhanced utilization for the seven Asian countries included in the survey.
It is interesting tﬁ note that nontechnical constraints and assistance

are identified to a greater extent than technical ones.

The survey indicated that the characteristics, veclume, and extent
of availability of the residues are seldom known or able to be reasona-
bly approximated. The survey also suggested that the pattern of actual
residue utilization appeared to be fairly uniform. Bulky agricultural
residues such as straw, stalks, and tops are usually burnmed in the field,
left on the spot or plowed under, except for the fraction that is used
as fuel in the rice mills and the cane sugar mills, Wet residues such
as sugar beet leaves can be fed to livestock or stored as silage, but
the bulk is wasted.

Animal manure is used as organic fertilizer at the farmstead.
Manure from large scale poultry farms and piggeries creates environmen-
tal problems since its disposal is not easy unless such large units are
combined with crop raising in the jmmediate vicinity.

_8§laughterhouse residues such as blood, paunch contents and
conde .ed carcasses or parts of them are completely wasted because of

/small

4/ "Compendium of Technmologies Used in the Treatment of
Residues of Agriculture, Fisheries, Forestry and Related Industries,
op. cit.

5/ "Agricultural Residues and Quantitative Survey", FAD Agri-
cultural Services Bulletin (Prov.), (Romt, 1979).
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small scale and unhygienic operations. Effluents and other residues of
processing industries such as palm oil, olives,meat, fish, coffee,

breweries, are mostly wasted.

Forestry logging, sawmill and wood processing industry residues
are mostly burned or used as fuel. In only a few cases are they utilized
for press board, particle board or to produce small articles for house-

hold or other use.

In addition to the efforts of international organizations, many
individual countries have established activities and programmes that
emphasize residue utilizatfon. As an example, in Canada, the Interna-
tional Development Research Centre in Ottawa has significant foéus on
this topic. In the United States, the Natiomal Academy'of Seience has
several committees summarizing existing information on the topic. Similar
efforts are underway atinstitutions in Thailand, India, Japan, Pﬁilipp—

ines;, England, and other countries.

There is considerable interest in identifying ways to utilize
residues from agricultural and other industries throughout the world. The
decade of the eighties will see a major expansion in that interest and a
growth in the number and size of experimental and full-scale systems to
illustrate such utilization.

VII SUMMARY

Resource consdrvation will become an increasingly important phil-
osophy for individuals, industries, and governments in the next decades.
The greater cost of energy, the need to meet enlarged world food require-
ments, and the perception that there is a limit to world resources will
result In broadenéd adoption of such a philosophy. Utilization of ri-
cultural and agro-industrial residues will be & key component of

resource conservation efforts.

/Table 3
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Regidue utiljization must be considered with optimism because of
the obvious need for resource conservation and the quantities of residues
that exist. However, the optimism must be tempered by caution, since
the result must be a usable product at an economical cost while not

causing greater environmental or secial problems.

The feasibility of residue utilization depends on the characteris-
tics of the residue, the amount that realistically is available on a
consigtent basis, cost of residue collection and transport, and the
availability of a market for the resultant product. Greater attention
should be paid to these aspects since detailed information about these

topics is crueial to the success of any residue utilization effort.

The successful application of residue utilization technology will
require the selection, modification, transfer and adaption of techno-
logies to local conditions. The ability of local manpower to operate
and service the various technolog.cal approaches requires careful evalu-
ation. Where necessary, educational programmes may be required to

assure qualified manpower.

There is no one best approach to residue utilization. In each
situation, the possible alternatives need careful evaluation with the
most appropriate single technology or combination of technologies chosen
to provide desired environmental, economic, and social objectives.

These objectives are important since even when the costs of recovery,
including return from sales, cannot be brought below the disposal cost,
there may be sufficient other benefits to make government incentives

for resource recovery a rational and useful policy.

Many countries and internaticnal organizations have active program-
mes to investigate, evaluate, and encourage residue utilization and
other resource conservation efforts. The next decade will se e an
expansion of such programmes and a growth of demonstration and operating
residue utilization systems. The information in the FAO survey of
agricultural reaidueséf should be used to guide national, regiomal, and
/international

6/ "Agricultural Residues and Quantitative Survey”,
op. cit.
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international efforts dealing with the utilizastion of sgricultural and
agro-industrial residues.

The pressures for better resource conservation are increasing,
the need for better residue utilization exists, and many applicable
technologies are available. The challenge is teo bring abocut a change in
‘personal and public philosophy toward residue utilization and to provide

the appropriate incentives to stimulate greater and broader actien.
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POLLUTION CONTROL AND MANAGEMENT OF AGRO-INDUSTRIAL WASTES

N.C. Thanh
Environmental Engineering Division
Asian Institute of Technology
Bangkok, Thailand

I INTRODUCTION

In the most industrialized countries, the major environmental
concerns revolve around controlling air and water pollution and waste
disposal, because the problems in these areas have reached alarming
proportions. There is, however, less recognition of the more fundamen-
tal preventive measures which seek to remove the causes of degradation,

rather than concentrating on the effects.

The protection of the environment must be considered in its proper
perspective for the developing countries of the world. The great im-
portance and urgency of economic development in these countries should
not be overlooked. The recommendation for the protection of the envi-
ronment may not be the first priority for countries that still need to
solve their more basic needs, such as food, shelter, education and
health.

Two-thirds of mankind, who live in the developing regions of the
world, do not share the same concern about their environment as the
other one-third who live in the more affluent regions. They have littie
interest in the purity of thg air they breathe, the freshness of the
waters of their lakes and rivers, the natural beauty of their mountains.
They have more immediate problems - the struggle for the bare necessi-
ties of life -~ which is becoming increasingly difficult for them because
of the rapid growth of population. What interest can such people have
in questions of environment? The governments that represent them are

preoccupied with the pressing problem of raising their standards of
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living and of providing their basic needs. The highest priority is
glven to economic progress. How can they be asked to adopt measures
such as preventing industrial waste from polluting rivers, restricting
the use of insecticides like DDT, controlling the emission of smoke
and fumes from chimney stacks, and stringent land use controls which
will increase the cost of economic development? This must be kept in
mind when recommending measures which the developing countries should
take to protect their enviromment. Recommendations that curtail or
restrict economic progress and dampen the rising expectations of the
people of developing countries for a better life would be unacceptable

to most governments of these countries.

But some action to achieve compatible industrial technology will
produce immediate benefits and is essential to safeguard the environ-
ment for future generations. This can best be achieved by establishing
priorities for the protection of the environment, beginning with those
aspects which will not impede economic development and which, at the
same time, are vital for the future well~being of inhabitants. For
example, the location of industries to minimize envirommental impact
and to be more compatible with human needs and amenities, the protec-
tion of the watersheds, the tropical rain-forests which ensure pure
supplies of fresh water in the rivers and in the lakes; the protection
of natural parks and game reserves; the protection of places of histo-
rical archeological interest; the protection of places of tourist in-
terest like lakes, mountains and unspoiled sea beaches; and even the

protection of land that will be needed for future urban settlemént.

When these countries have generated sufficient economic growth,
they will be enabled to turn to more sophisticated measures to prevent
pollution and the destruction of the enviromment. But by taking steps
now to safeguard the vital features of the enviromment, they would have
laid a very useful framework for building up a national environmental
policy. Regional action should be taken by developing countries to

protect some of these essential features of the enviromment.
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Asian developing countries are dominantly agricultural, and crop
productions are becoming increasingly important, generating significant
amounts of agricultural and agro-industriai residues each year. Resi-
dues may be defined as those by-products which, for economic or social
reasons, are not fully utilized within the confines of the production
unit and are allowed to burden-the natural enviromment. The large
quantity of wastes generated by agricultural and agro-industrial opera-
tions and specific environmental problems that have resulted from these
activities have amended to the management of agricultural and agro~in-
dustrial residues and by-products. Reclamation from residues is, of
course, not a new idea for man has always attempted to reclaim waste in
many diverse ways, whenever it is attractive to do so. However, recovery
from waste attracted a growing interest during the past two decades or
so, and although there are probably many reasons why this has happened,
two of the main influencing factors are certainly: (1) the continuing
growth in the generation of wastes, the disposal of which poses manage-
ment and environmental problems; (2) a growing awareness that primary
or virgin resources are in many cases in finite supply, coupled with
recent sharp increases in the price of energy and some other natural
resources. In spite of this growth in interest in resource recovery,
as manifested in intensive research and development into recovery and
substantial expenditure on test and demonstration plants, there remains
the question of economical viability of the recovered by-product. This

aspect will be treated with more details in other papers of this Seminar.

The residues from agriculture and agro-industry are mainly organic
and can be solid, slurry or liquid form. The term "residue utilisation"
is-rather vague and needs clarification. It is generally understood
that residue refers to solid or slurry form of waste, readily amenable
to resource recovery. The liquid form refers to wastewater as the result
of agro-industrial operations, and requires minimum treatment to comply
with standards of acceptable levels of discharge. In some casesg, resource
recovery from residues produces second generation wastewater which also
needs to be treated in accordance with environmental standards. The

ultimate resource recovery of wastewater would be reuse or recycle of
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water after reasonable treatment of wastewater. This paper focuses
the discussion on the liquid form of 5 agro-industrial residues in the
ESCAP region: tapioca, palm oil, rubber, sugar, and coconut. The
environmental impacts of their discharges will be assessed. Recommen-
dation of rational and effective waste treatment processes for these
wastes will be brought about. Finally some preventive measures will
be suggested in order to prevent the sinking of the enviromment by
uncontrolled discharges of these agro-industrial wastes.

-98 -



9481

IT ENVIRONMENTAL IMPACT OF WASTE DISCHARGES

Discharge of waste materials alters the quality of the receiving
water to a greater or lesser degree and is of concern when such altera-
tions interfere with legitimate water uses. Conservative pollutants
are dispersed and distributed in the water body under the influences of
primarily hydrodynamic and diffusive forces., If the weight of non-de-
gradable material in a waste is known, it is relatively easy to deter-
mine the concentration over a time in a river or lake since dilution is
the predominant process when the substance is in solution. But the
stochastic nature of stream flows and unpredictable variations in in-
dustrial waste discharges may sometimes make the procedure difficult.
The problem is more complicated in the case of tidal estuaries and
ground water aquifers because of their complex hydraulic characteristics.
Suspended sediments will settle out in lakes and reservoirs and to some
degree in flowing streams, particularly in sections where there is a

major decrease in stream velocity.

Determination of the spatial and temporal distribution of degra-
dable wastes is considerably more difficult than for non-degradable
wastes because of physical, chemical and bilological changes which take
place in addition to dilution and dispersion. In the following discus-—
sion attention is concentrated on organic wastes emanating from the pro-
cessing of tapioca, sugar cane, palm 0il, rubber and coconut, being
lncreasingly important crops and significant agro-industries in South
and Southeast Asia of ESCAP région. In areas where these crops are
processed, their wastes contribute significantly to stream pollution.

In general, food processing requires large quantities of water, and
significant amounts of wastewaters are released. Heavy pollution of
land and streams by these wastes gives rise to obnoxious odours in the

~ neighbourhood of factories, which is a nuisance to passers-by and re-

" sidents. In addition high solids content of the wastes make them detri-
‘mental to flora and fauna of streams to which they are discharged.
Ileceiving streams become aesthetically unpleasant and their usefulness

for irrigation, and fishing is considerably limited. Even in cases
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where the receiving stream affords high dilution, the waste still im-
poses limitations in its use as a source of potable water supply; ur-
ban and rural people are often seriously affected by uncontrolled dis-
charges of these wastewaters. Problems are magnified if the recelving

streams afford little or no dilution during dry weather.

With such discharges the primary concern is the effect of their
degradation on water quality, in particular the dissolved oxygen con-
centration in the receiving waters. On discharge to water body, the
biodegradable organic matter in wastewaters is broken down by microor-
ganisms, principally bacteria. This creates an oxygen demand which will
be gupplied by the digsolved oxygen (D0O) in the water, As a result the
DO concentration is decreased. As the organic matter is generally de-
pleted the oxygen requirement decreases and dissolved oxygen concentra-
tion in the receiving water is restored through reaeration. The rate
at which oxygen demand is exerted and the rate of reaeration will govern
the profile of oxygen downstream of the discharge. Any other factor
which results in addition or removal of organic matter or oxygen will
also affect the oxygen balance. Table 2.1 includes oxygen sources and
sinks which have to be taken into account in water quality modelling.
Fig. 2.1 18 a typical example of a simple dissolved oxygen sag curve
for a single source of pollution on a non-tidal watercourse, Point C,
the critical dissolved oxygen level, may be at any level between com-
plete oxygen saturation and zero dissolved oxygen and it is at this loca-
tion where stream conditions are worst. Other things being equal factors
that reduce the rate of exertion of oxygen demand lengthen and flatten

the oxygen sag, while those that accelerate BOD exertion have the reverse
effect,

Agro-industrial wastes can penetrate the groundwater and alter its
quality. There is limited information on the amount of agro-industrial

contaminants that enter subsurface waters under given disposal practices

and on the change in groundwater quality caused by various agro-industrial;

contaminants. In addition, there is a scarcity of adequate groundwater

monitoring programmes to investigate these factors. Water from shallow
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Table 2.1 Oxygen Sources and Sinks

Carbonaceous Oxidation ~ Oxidation of carbon
compounds,
Oxygen | Nitrification - Oxidation of nitrogen
compounds.
Sinks Benthal Demand - Benthal decomposition

and resuspension

Plant Respiratiom ~ Plankton and aquatic
weed respiration

Atmospheric Reaeration ~ Diffusion of atmospheric
Oxygen oxygen through surface.

Phetosynthetic Oxygen - Plant photosynthesis
Sources Production

Bottom Deposit ~ Deposition of organic

matter on bed

i‘ Point of Pollution, amount L g

_J_ D.0. Saturation Value

1 1 R

A [Dg

Oxygen Sag
Curve

Critical Deficit~Dg
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Fig.2.1  Dissolved Oxygen Sag Curve

wells is more likely to contain contaminants than water from deeper

wells, 1In choosing sites for the land disposal of wastes, the possibi-
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lity of groundwater contamination should receive thorough investigation.

The causes and concerns of agro-industrial waste treatment and
disposal are analogous to the environmental problems caused by people.
Aggregations of people in cities and the development of large-scale
industrial operations have caused the air and water pollution as well
as health problems which are receiving increasing awereness. Pollution
potential index for developing countries, being a function of popula-
tion density and per caput income in a country, must provide indication
of the present and future magnitude of a country's generation of pollu-
tion as well as the indication of how bad an individual city's position

can be.

- 100 -

9481



9481

IIT WASTEWATER CHARACTERISTICS AND RECOMMENDED
TREATMENTS -~ CASE STUDIES

Knowledge of wastewater characteristics of the above-mentioned
crops is fundamental to the development of rational waste management
systems. The processes to extract starch from tapioca roots, sugar
from sugar cane, oil from oil palms, latex concentrate from rubber,
desiccated coco from coconut shells, all require large quantities of
water, and significant amounts of wastewaters are released. These
wastewaters are characterised by their high dissolved organiﬁ soldid

contents, amenable to biological treatment.

Identification of the waste sources within a processing plant pro-
vides information for in-plant separation of the waste streams in the
plant, for reuse of the less contaminated waters, and for changes in
processes that produce large quantities and/or concentrated wastes.
Knowledge of the waste characteristics permits consideration of reuse
of waste liquids for the transport of raw products, recovery of specific
waste components, irrigation, by-product development, and fertiliser

value,

Industries waste discharges are often related to the weight of
product produced. This is a useful form of expression when the effects
of process or product changes are being studied. Another way of express-
ing industrial pollution loads is to work out a population equivalent
for the wastes discharged. For organic waste discharges in an Asian
city, the total BOD discharged per day divided by 56.8 g would give the
equivalent population which would discharge the same amount of BOD.

Thus, using this method it may be determined that a factory in an unpo-
pulated rural setting is equivalent in terms of polluting capacity to

a large town. For example, a sugar cane processing factory in rural
Thailand was found to have a population equivalent of 60,000 with respect
to BOD discharged.

This chapter puts accent on production processes of the crops under

study, sources of wastes, wastewater characteristics and treatment alter-
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natives. For this purpose, it is appropriate to discuss individuai

i

CIrep cases.

3.1 Tapioca Starch Industry

Tapioca is grown in most tropical areas of the world and is also
known as cassava and manioc. The root of the plant contains 20 per cent
or more starch in a cellulese matrix. Tapioca starch is in particular

demand for sizing paper or fibres and is used in the food industry.

In Thailand, two grades of tapiocca starch are produced by two types
of processes, although the quality of the final product is similar in
both cases. 1Initially, the tapioca roots pass through the same process-
ing in both grades of factory, namely dry removal of sand and clay, root
washing and rasping. Thereafter, first-grade starch is produced using
centrifugation, filtration and spray drying; this process is capital
intensive and uses less labour and more water than the other process.

By contrast, very little mechanization is utilized in second-grade starch
factories, which are usually small private-enterprise plants; these in-
stallations are not capital intensive but use very simple methods of
separation by cloth filtration, gravity settling, decanting and drying

on heated concrete slabs. Flow diagrams for both types of process are

given in Figure 3.1 and wastewater streams are shown.

a. Tapioca Starch Wastewater Characteristics

The combined wastewater from tapioca starch production is mainly
composed of root washwater and either the starch supernatant decanted
from sedimentation basins or the separator wastewater, depending upon
whether a second-grade or first-grade starch factory is being considerea.
First-grade and second-grade factories in Thailand commonly process in
the order of 200 and 30 metric tonnes of tapioca root per day, respectively,
and release wastewaters with unit mass emission rates (UMER values) as
shown in Table 3.1. Designations A, B, C and D refer to wastewater

sources shown in Figure 3.1.

The characteristics of tapioca starch wastewaters are summarized

in Table 3.2. Root washwater contains high settleable solids, mainly
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Table 3.1 UMER Values of Tapioca Starch Wastewater in g/kg Root

Wastewater
Characteristic
A B c D Combined
lst-Grade Factory
CcoD 0.69 55.2 6.0 6.20
BODs 0.33 26.5 2.9 29.8
Suspended Solids | 0.54 10.5 3.7 15.7
Dissolved Solids | 4.91 46.3 9.6 60.8
2nd-Grade Factory (Average of 2 Plants)
BODs 0.8 28.5 1.5 30.4
Total Solids 2.2 45,2 1.9 49.5
Suspended Solids 0.8 11.3 1.3 13.4
2nd-Grade Factory (One Plant)
BODg 1.8 44.8 2.1 2.1 48.7
Total Scolids 3.1 102.8 2.2 2.2 109.2
Suspended Solids | 3.1 83.5 0.6 0.6 87.2

T-4
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sand and clay particles from the raw roots. The combined waste is
acidic in nature, its pH ranging from 3.8 to 5.2, resulting from the
addition of sulphuric acid in the extraction process and also from the
release of some prussic acid by the tapioca roots (Knight, 1969).
Tapioca starch wastewaters are highly organic but have relatively low
nitrogen and phosphorus concentrations. Thanh and Wu (1975) reported
the ratio of soluble BODg to soluble COD in the settled separator waste
as 0.6-0.8, indicating that the waste is biologically degradable. It

is likely that biological treatment methods will be most economical for
this organic waste and the high BOD and COD concentrations suggest that

anaerobic biological processes will be effective.

b. Tapioca Starch Wastewater Treatment

Substantial research work on this topic has been conducted at
the Asian Institute of Technology, Bangkok, Thailand, as reported by
Pescod and Thanh (1977).

Recommended Approach to Treatment

Both first-grade and second-grade factories discharge two major
wastewaters which are: washwater, from root washing (wastewater A in
Figure 1); and separator waste, from jet extraction and channel sepa-
ration {(wastewaters B and C in Figure 3,1,1st Grade Factory), or starch
supernatant decanted from sedimentation basins (wastewaters B, C, D in
Figure 3,1,2nd Grade Factory). Water usage in factories depends on plant
capacity and type and on the availability of water. Second-grade fac~-
tories use less water and release less wastewater than first-grade fac-
tories, 6.3 1/kg root processed compared with 7.7 1/kg (McGarry et al.,
1973), and process less root each day. Washwater makes up from 7 to 16

per cent of the total combined waste flow in both types of taploca starch

plant.

Washwater usually has lower organic strength and flow rate and is
much less a problem in treatment than separator or starch supernatant
waste. It may be treated in combination with the separator or starch

supernatant waste but normally it will be advantageous to treat separately.
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If the combined factory waste is to be treated, the processes outlined
herein for separator or starch supernatant waste will apply equally to

the combined waste,

Root Washwater Contains mainly cork cells, sand and clay particles

which are derived from washing raw roots. During the dry season, when
washwater BODs values from a first-grade factory were found to range
from 200-500 mg/l (Jesuitas, 1966), plain sedimentation produced an
effluent suitable for reuse in root washing, a desirable objective in
any tapioca starch factory. During the wet season, when waste BODs
increased to about 1,700 mg/l in the same first-grade plant, it is sug-
gested that chemical coagulation followed by sedimentation is likely to
produce a treated waste suitable for recycling. If chemical treatment
is not effective the washwater must be treated in combination with se-
parator waste. The same recommendations will be applicable to washwater

from second-grade tapioca starch plants.

Separator Waste or Starch Supermatant, which are very similar in

quality, pose the greatest problem in treatment. Plain sedimentation
will remove gross suspended solids and reduce BODs and COD. Settled
separator or starch supernatant wastes, although high in BODg and COD,
are readily degradable using biological means. Their high BODg and COD
suggest that anaercbic biological processes will be effective. Anaero-
bic ponds followed by facultative oxidation ponds will be appropriate
low-cost processes for handling this waste in developing countries. Use
of anaerobic ponds may be eliminate the necessity for constructing pri-
mary sedimentation tanks, although the latter might well be economic if

the settled solids are saleable for animal feed.

Primary Sedimentation

Jesuitas (1966) carried out sedimentation studies on separator waste
and found that 91 and 96 per cent of the suspended solids deposited in
15 minutes and 1 hour, respectively. After 15 minutes, reductions in
BODs and COD of 74 and 80 per cent were observed. These removals were

further increased after one hour of sedimentation but insignificant addi-
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cional removals resulted when the detention time was prolonged to 2
hours. Sedimentation seems to be an essential first-stage process in
treatment of this waste and, since starch supernatant is similar in
character to separator waste, similar results can be expected. Com-

bined tapioca starch wastewater is alsoc amenable to primary treatment

by sedimentation.

Anaerobic Treatment

Anaerobic ponds will generally be the simplest and cheapest anaero-
bic form of treatment for this wastewater but will not achieve an effluent
quality suitable for discharge to a receiving water and a final aerobic

stage of treatment will be necessary.

Yothin (1975) tested a series of pilot-scale ponds (Fig. 3.2) with
only the first-stage anaerobic. It can be seen in Table 3.3 that very
high BOD5, COD and suspended solids removals were obtained in the anaero-
bic pond (P;). These were achieved even without nutrient supplementation
and with a highly saline waste, caused by the use of a groundwater supply
near the sea. Detention time in this anaerobic pond was 17.42 days at
average flow and a substantial increase in pH occurred in passage of the

waste through the pond.

Facultative Facultative{ — Effivent
nfluent P, Py Py
Angerobic Facuitativel Focutative| - ETuent

[P
Nutrients | Efflvent

Fig. 3.2 Pilot-Scale Ponds Used by Yothin (1975)

Oxidation Pond Systems and Aerated Lagoons

Facultative Oxidation Ponds Oxidation ponds have long been known

to be low-cost and reliable but take up significant areas of land. Fa-

cultative ponds may be used as sole treatment for a waste or, as might
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be more applicable in the case of tapioca starch wastes, as secondary

treatment after first stage anaerobic ponds.

Yothin (1975} also used facultative ponds and it can be seen in
Table 3.3 that, after the high BOD5 and COD removals in the first stage
anaerobic pond, subsequent pond loadings and removals were lower. There
was no significant difference between the performance of the three third-
stage ponds, and hence it seems that there is no benefit in loading the
third-stage pond below 112 kg BODs/ha day (100 1b BODg/acre day). It is
probable that the efficiencies of 2nd and 3rd stage facultative ponds

were seriously affected by the saline nature of the waste.

Uddin (1970) also studied facultative ponds as third stage treatment
of tapioca starch separator waste, after two stages of anaerobic pond.
He operated two facultative ponds in parallel, each receiving effluent
from two anaerobic ponds loaded at 6,900 kg BODs/ha day (6,160 1b BODs/
acre day) in the first-stage and 7,350 kg BOD5/ha day (6,570 kg BODg/ha
day) in the second-stage, with detention times of 5 and 2 days, respec-
tively. The facultative ponds were operated at BODs loadings of 1,070
kg/ha day (960 lb/acre day) and 650 kg/ha day (580 lb/acre day) with
detention periods of 5.52 and 9.25 days; B0ODs removal efficiencies were,
respectively, 40 and 47.5 per cent. However, when the facultative pond
effluents wefe filtered before determining BODg, the removal efficiencies
were 67.6 and 75.8 per cent indicating that significant portions of BODjg
in the effluents were due to suspended solids, mainly algae. Influent
BODs averaged 990 mg/l and so the effluents from third-stage ponds were
still not suitable for discharge to surface waters and another stage of
facultative ponds would probably be necessary. However, performance was
better than in the previous case, probably because of the non-saline

character of the waste.

Aerated Lagoons When the simplicity and low-cost of oxidation

ponds are desirable but land is scarce or costly it is possible to use
the pond type of construction for higher rate aerobic treatment. This
aerated lagoon system would be appropriate for the final aerobic treat-

ment of tapioca starch waste after anaerobic ponds.
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Yothin (1975) operated an experimental fully-mixed aerated lagoon
in treating the effluent from an anaercbic pond and his cperational
parameters and results are summarized in Table 3.4. The aerated lagoon
allowed a reduced total detention time and yet gave a satisfactory level

of finmal effluent, even with the saline waste encountered.

Table 3.4 Aerated Lagoon Performance in Tapioca Starch Wastewater

Treatment (After Yothin, 1975)

La |Deten— | Total COD, [Efft. Soluble | SS, mg/l Total COD | MLSS,
tion mg/1
800N | pays | Inft,| Efft. COD, mg/l Inft.| Efft.] Removal, Z | mg/1

1 2 930 299 260 132 48 72 112
2 4 1376 | 2438 205 210 92 85.1 576
3 8 1376 | 137 105 210 | 124 90.2 768

The main advantage of aerated lagoons over oxidation ponds is that
land requirements are considerably reduced. However, in Yothin's com-
parison, the facultative pond system and the anaerobic pond aerated
lagoon system were closely competitive on the basis of monthly running
costs taking into account land rental {at U.S.$3,000 per hectare per
year). Flow diagrams of the alternative systems are shown in Fig. 3.3
for a combined tapioca starch wastewater flow rate of 500 m?/day and
mean BODg concentration of 2,740 mg/l. Yothin estimated that the run-
ning costs of the anaerobic/facultative pond (alternative A) and the
anaerobic pond/aerated lagoon (alternative B) would be approximately
1.85 and 0.87 per cent, respectively, of the value of the starch produced
by the factory.

Rotating Biological Drum Filter

In recent years, the rotating biological filter has been developed
for treating wastewaters from small communities and industrial plants.
Pescod and Nair (1972) reported on the applicability of this form of
treatment in tropical developing countries and it would appear to be
suitable for tapioca starch wastes. This type of treatment could be

adopted as the sole biological process or it could be used after anaero-
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bic ponds where land availability is limited.

Combined !nfivent
BODg = 2740 mg/L
Fiow = 500 m°/day

Alternative A Alternative B
Y .
i Anqerobic Pond Anaerobic Pond
0.206 hectares _J 0206 hectares
BODg = 960 mg/l BODg = 960 mg/L
Ancerobi Aerated Lagoon
bic Pond Detention 8 days
0.2I17 hectares 0.162 hectares
BODs = 670 mg/i
Focuitgtive Pond
3.175 hectares BODy = 105 mg/L
lBOD._, = 170 mg/L ‘
|
Final Effluent Final Effluent

Fig.33 Flow Diagrom Comparing two Alternative Treatment Systems
{after Yothin ,1975)

Enayatullah (1975) tested the performance of a rotating biological
filter, the Euromatic Bio~Drum£/, in treating combined tapioca starch
wastewater with BODg and COD in the ranges 4,068-6,098 mg/l and 5,414-
8,323 mg/l, respectively. He carried out his study at the same factory
as Yothin, using the highly saline wastewater. The Bio—drum was 60 cm
in diameter and 40 cm long and comprised a heavy wire-mesh drum filled
with equal sized 38 mm plastic spheres (2,463 spheres, offering a speci-
fic surface area of 157.9 m?/m3) and six 1-£ volume water lifts which
were fixed around the circumference of the drum. The drum was mounted
on a horizontal shaft and rotational speed was fixed at 11 rpm. The
blo-drum floated on a 300 & square tank and was submerged slightly less

than 50 per cent.

) Supplied by the European Plastic Machinery Manufacturing Co., Ltd.,

Copenhagen, Denmark.
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Fig. 3.4 shows average BODg and COD removals versus BODg and COD
loadings applied per units as indicated. Increase in organic loading
gave decreased efficiency but a relatively high efficiency of removal
was possible within the maximum detention of 16 hours tested. However,
with the very high influent BODs; and COD, it is probable that four or
more equal-sized stages of bio-drum would be necessary to achieve a
suitable effluent quality but even this would give a substantial reduc-
tion in detention time from those of the other alternatives discussed,
The rotating bioclogical filter seems to be a very promising treatment
process for tapioca starch wastewaters. It is simple and highly flexi-
ble in operation and takes up very little space. In those locations
where land is either not available or costly, this system will have many

advantages for small agro-industrial factories.

I 4 T T T
HJ .o 3 40 50
kg /m® Volume of Drum per day
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~ Expr | Regr
~ Resuit] Line

{BODS

g
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BODg or COD Removed , %
3
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Fig. 3.4 Effects of Organic Looding and Detention on Organic Removel in Rotating Biological
Drum Fiitration of Combined Tapioca Starch Wastewater

Waste Treatment and Production of Yeast

Protein shortages have given rise to an increasing interest in

production of single-cell protein from organic wastes. Thanh and Wu (1975)
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reported on use of Torula yeast to treat tapioca starch separator waste
from a lst grade factory. It was found that Torula yeast could accli-
matize and grow predominantly in the waste, reducing sugars and volatile
acids being readily removed. Overall COD reduction was about 73 per cent
and the yeast mass contained approximately 50 per cent protein with a
yield of 0.5 kg yeast per kg COD removed. However, nitrogen supplemen-
tation was necessary at a level of 1 kg nitrogen per 50 kg COD removed.
When the yeast was grown in non-enriched waste, the protein content of
the yeast decreased significantly. The effluent from yeast treatment of
the waste still contained a relatively high residual COD and would require
further treatment before discharge. Additional waste treatment after
yeast growth would complicate an already sophisticated process and both
factors militate against this form of waste handling being suitable for

tapioca starch factories.

C. General Remarks on Tapioca Starch Wastewater Treatment Studies

Wastewaters from the tapioca starch industry are highly polluting
and constitute a major source of surface water pollution in regions where
the crop is processed. Work carried out in Thailand has identified the
characteristics of the principal wastewater streams from lst and 2nd
grade tapioca starch factories and given an insight into feasible treat-

ment processes.

It is apparent that, under normal conditions, washwater from both
grades of factory should not be mixed with the other wastes discharged.
Sedimentation alone, to remove gross solids, will ordinarily be a satis-
factory form of treatment for this waste. At times when the organic
content of the settled washwater is high, chemical treatment before sedi-
mentation would often produce a satisfactory effluent but, if this is
not effective, then the settled washwater should be treated with the other

wastes as a combined flow.

There is a range of alternatives for treating the separator waste-
water from lst grade plants or the sedimentation tank supernatant from

2nd grade plants, which are very similar in nature. Because of their
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very high BODs and COD concentrations, these wastes are amenable to
anaerobic biological treatment and anaerobic ponds are an effective
first-stage treatment process. Following treatment in either a single
pond or multiple stages of anaerobic ponds in series, the effluent will
require further aerobic biological treatment before discharge. The
choice of aerobic process will depend principally upon the cost and
availability of land near the factory. A detailed economic analysis

of treatment alternatives for tapioca starch wastewater is given by
Luken (1976). In general, where land is available and cheap, faculta-
tive ponds will be the cheapest form of aerobic process and probably

two stages of ponds would be necessary. Where land is more costly or
scarce, aerated lagoons should be adopted for treatment of effluent

from the anaerobic ponds. Rotating biological filtration is also a
high-rate aerobic process suitable for treating either the effluent from
anaerobic ponds or the settled raw tapioca starch waste and should be
considered when land utilization must be minimized. It is possible
with all these forms of treatment to include primary sedimentation but
this would normally only be economic when anaerobic ponds are used if
the settled solids can be sold as animal feed. If a rotating biological
filter or other aerobic process were to be adopted as sole biological

treatment, sedimentation would be necessary as a first stage.

Although it is possible to produce Torula yeast in treating tapioca
starch waste, it is unlikely that this will be a feasible approach in
the near future. Because of the lack of sophistication of processes
and workers in the tapioca starch industry and low marginal profits it
is advisable to think in terms of simple low-cost methods for waste

treatment.

It seems that the anaerobic/aerobic treatment system provides a
rational and effective means to treat this waste. However, at the pre-
sent time, few factories have any control over their waste discharges
and those that do attempt any form of treatment are guided by expediency
alone and have usually limited their wastewater processing to inadequate

holding in ponds.
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3.2 Rubber Processing Industry

Natural rubber industry is Malaysia's largest foreign exchange
earner as well as the main source of income and employment in the country,
During the processing of rubber, water is used for washing, cleaning and
dilution. It is estimated that about 80 million litres of effluent is
discharged per day from Peninsular Malaysia alone into nearby streams

and rivers (Ma, 1975). TFor a factory producing about 20 tomnes of dry

>
rubber, it is estimated that about 410,000 litres of effluent are dis-
charged every day. Studies on the treatment, disposal and utilization
of effluents frem rubber processing factories have been undertaken by

the Rubber Research Institute of Malaysia (RRIM) with emphasis given to
the effluent ponding treatment more than to effluent utilization. The

effluent treatment program is considered successful to a certain extent.

In the natural rubber industry a variety of rubber/latex products
are manufactured, of which about 14 per cent ig the form of latex con-
centrate; the remaining 86 per cent is produced as dry rubber such as
SMR block rubber, RSS and crepes of all types and grades. Quality and
composition of effluent discharged from rubber/latex factories depend
on the type of process employed. Fig. 3.5 shows various sources of

effluent from latex concentrate processing by centrifugation.

a. Rubber/Latex Effluent Characteristics

A study was conducted by Muthurajah et al.(1973) on the physical,
chemical and biological properties of effluents from typical rubber pro-
cessing factories of SMR block rubber, RSS, remilled rubber and latex
concentrate. A summary of the results is given in Table 3.5. It can be
seen that effluent from latex concentrate is the most polluting with
respect to chemical and biological properties since a substantial concen-
tration of decomposable organic matter and ammoniacal nitrogen is dis-
charged. Generally the composition of the waste consists of processed
water, small amounts of uncoagulated latex and latex serum containing
substantial quantities of proteins, sugars, lipids, carotenoids, inor-

ganic and organic salts (John, 1972).
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Table 3.5 Characteristics of Rubber Wastewaters

(Mutharajah et al.,, 1973)

Sample pH Settleable | Suspended | Total COoD BOD | N-NHj | Org-N
Solids Solids Sclids
Block rubber
factory 6.3 155 230 995 1,620 11,140 535 20
RSS factory 4.9 50 140 3,745 3,300 [ 2,630 10 100
Remilling fa
factory 6.2 205 350 480 900 740 15 10
Concentrate
factory 4,2 100 190 6,035 4,590 | 2,580 395 85

All values except pH expressed in mg/l
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From Table 3.5 it is also observed that effluents from the four
types of factories are acidic as indicated by the pH values ranging from
4.2 to 6.3. The acidic nature of the effluents is attributed to the
use of formic acid, phosphoric acid, or sulphuric acid in the process
line. The effluents also contain fairly large amounts of total solids,
suspended, dissolved and settleable solids. The BOD values for the con-
centrate, RSS, S$MR block rubber and remilling factories are about 2,600,
2,600, 1,100 and 700 mg/1l, respectively, while the corresponding COD
values are 4,600, 3,300, 1,600 and 900 mg/l. The high BOD and COD values
of the latex concentrate and RSS wastewaters indicate the total solids
are mainly of organic origin and readily degradable. Average ratio of
BOD to €OD in tubber wastewater is about 0.69 indicating that the waste
is biologically degradable. As in the case of tapioca starch wastowsior,
it is likely that high BOD and COD indicate that anaerobic biological

processes will be effective,

Total nitrogen includes ammoniacal nitrogen combined with organic
(mainly albuminoid) nitrogen. 1In the four types of effluent, it is notcc
that the main contribution to total nitrogen is ammoniacal nitrogen.

This is due to the use of substantial quantities of ammeonia in the pre-
servation of latex. The amount of ammoniacal nitrogen is highest in
effluent from latex concentrate factories. Ammonia is toxic to fishes
and should not be discharged into receiving waters. Large amounts of

ammoniacal nitrogen discharged to rivers or streams are undesirable

because it promotes algal blooms due to cenversion of ammonia into mitrates.

Such waterways are unsuitable as water supply sources. In addition to
this, presence of ammonia in domestic water supply requires the addition
of large amounts of chlorine as ammonia has a high chlorine demand, and

reacts with chlorine to form a series of chloramines.

b. Rubber/Latex Effluent Treatment

Considering the characteristics of rubber effluent, biological
treatment consisting of an anaercbic pond followed by a stabilisation

pond appears suitable as it requires minimum equipment, maintenance
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services and skilled supervision, and tropical climatic conditions
assist a great deal In improving the system efficiency, if land availa-

bility is not a constraint,

Block Rubber Waste Treatment

As in the case of tapioca starch waste treatment, anaerobic ponds
are the simplest and cheapest anaerobic form of treatment for block
rubber and concentrate latex wastewaters but will not achieve an effluent
quality suitable for discharge to waterways and a final aerobic stage

of treatment will be necessary.

Ahmad Bin Ibrahim et al. (1974) conducted series of tests with an
anaerobic pond (9.57 x 4.88 x 2.74 m) followed by a stabilisation pond
(10.97 x 5.49 x 1.24 m), as shown in Fig. 3.6. Ranges of organic loadings
varied from 125-445 kg BOD/1,000 m3-day in the aerobic pond, and 11-86
kg BOD/1,000 m3-day in the stabilisation pond, with corresponding deten-
tion times of 5-13 days in both ponds. The effect of organic loading
on BOD removal is shown in Fig. 3.7 and Fig. 3.8 for the anaerobic pond
and the stabilisation pond, respectively. In both cases, the BOD re-
moval efficiency drops with increased organic loading, but the BOD removed
across the anaerobic and aerobic ponds increases with increased organic
loading. No fouling occurred in the anaerobic pond even at 445 kg BOD/

1,000 m?-day. However, when BOD loadings were increased beyond 63 kg

Overflow
Effluent T T
Holding
tank Constant
Pump heod tank
RQOewr
Drom

L@}

Fig. 3.6 Schematic Flow Diagram of Experimental Plant (not to scale)

( After Mutharajah, 1973}
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BOD/1,000 m3-day, fouling occurred resulting in destruction of algae,
evolution of malodorous gases and reduction in the removal of ammoniacal

nitrogen.

Based on the results obtained, it cam be said that, if the initial
BOD level is around 1,500 mg/l, a retention period of about 10 days is
required to produce an effluent with a BOD concentration suitable for
further treatment by a stabilisation pond where the detention time could
be about 12 days. The recommended organic loadings for the anaerobic
and stabilisation ponds are 150 kg BOD/1,000 m3-day and 40 kg BOD/1,000
m3—day, respectively. It has been demonstrated that an anaerobic stabi-
lisation pond, when operating under optimal conditions, is capable of
treating block rubber wastewater, removing approximately 95% BOD, 857

COD, 70% volatile solids, 407 ammoniacal nitrogen and 50% total nitrogen.

Latex Concentrate Waste Treatment

Ponniah et al. (1975) alsc applied anaerobic — aerobic system to
treat the latex concentrate wastewater, as shown in Fig. 3.9. It con-
sists of a 27 m3 concrete pond, an overnight steel retention tank and a
27 m? "earth bund" aercbic pond. The flow rate was regulated in such a

way to provide retention periods of 30 days in each pond. Results of
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Fig. 3.9 Plan of pilot plant for treatment of acidified latex concentrate effluent.
( After Ponniatl etal. 1975 )

the study are shown in Table 3.6, It can be seen that the BOD level of
the effluent is brought down to 100 mg/l after removal of algae by cen-
trifugation. The final concentrations of ammoniacal nitrogen (250 mg/l)
and total nitrogen (310 mg/l) are still high compared with those obtained

from block rubber effluents. It is peremptory that nitrogen levels be

Table 3.6 Results of Pilot-Plant Scale Treatment of Acidified
Latex Concentrate Factory Effluent. (After Ponniah

et al., 1975)

Anaerobic Digestion Aerobic Oxidation Reduction
Test Before After | Reduc-| Before After [ Reduc-{ Combined

Treat- | Ireat- tion | Treat- | Treat- tion | Treatment
ment ment A ment ment % (%)
pH 6.2 7.4 -19 7.3 8.0] -10 29
COoD 7,920 4,560 58 4,780 800 83 90
BOD? 5,840 3,080 47 3,250 100 97 98

Ammoniacal

nitrogen 1,230 870 29 900 250 72 80
Total nitrogen | 1,330 910 32 950 310 67 77

All units are in mg/l except for pH.

aAnalyses conducted after removal of algae by centrifugation.
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brought down to as low as a level as possible in the final effluent
prior to discharge for irrigation purpose. A high nitrogen content in
irrigation water is alleged to affect the yield of paddy plants. Agri-
culture authorities recommend that irrigation water for paddy schemes
should have less than 10 mg/l of total nitrogen and 5 mg/l of ammoniacal
nitrogen. A high nitrogen content in water supply in terms of nitrites
and nitrates is undesirable and unsuitable for human consumption. The
properties of latex concentrate wastewater are much different from those
of block rubber waste particularly in ammoniacal nitrogen (500 mg/l) and
sulfate (1,500 mg/l), concentrations. The high sulfate level is due to
excessive usage of spent sulphuric acid in the coagulation of skim latex.
In an attempt to reduce levels of ammoniacal nitrogen and sulfate in the
treated effluent, an anaerobic/three-stage facultative ponding system
was used to treat latex concentrate wastewater (Ponniah et al., 1976).
The rate of removal of ammoniacal nitrogen was generally poor, and the
presence of hydrogen sulphide gas was detected in all ponds. It is well
known that high ammoniacal nitrogen and sulphate levels can have adverse
effect on bacterial viability and function. A more systematic approach

is necessary in order to sclve this important problem.

¢. General Comments on Rubber Wastewater Treatment Studies

The anaerobic - aerobic ponding system seems to be the solution for
the treatment of block rubber waste, but has encountered limited success
for the treatment of latex concentrate waste, due to high concentrations
of ammoniacal nitrogen and sulphate in raw latex wastewater. The appli-
cation of artificial aeration of the anaerobic effluent has been success-
ful in some rubber factories in Malaysia with regard to the removal ammo-
niacal nitrogen and sulphate. It is recommended that more other aerobic
biological systems be approached to treat the anaerobically treatment ef-

fluent, and study on ammoniacal nitrogen removal be deeply studied.

3.3 Palm 0il Waste Treatment Study

0il palm is an increasingly important crop in Malaysia and recently

also in Thailand. In areas where o0il palm is grown and processed, palm
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0il wastes contribute considerably to stream pollution. The process to
extract oil from fresh fruit bunches (FFB) required large quantities of
water, mainly for sterilizing the fresh fruit bunches and oil clarifica-
tion, and large amounts of wastewaters are released. The total quantity
of effluent waste produced in 1975 was estimated at over 3 million tonnes.
Assuming that the waste has an average BOD ceoncentration of 20,000 mg/1,
thus the total load of BOD discharge into watercourses was estimated at
approximately 210 tonnes per day. With crude palm oil production in
1980 being expected to double 1975 estimate, the potential quantity of
80D that is expected to be generated by the oil palm industry will be
nearly 450 tonnes per day. In terms of population equivalent, the BOD
generate by the oil palm industry in 1980 will be equivalent to that

zenerated by a human population of approximately 10 million persons.

Heavy pollution of land and streams by these wastes has forced the
authorities concerned to adopt stringent measures against reckless dis-
charge of these wastes without any treatment. The Division of Environ-
ment, Ministry of Science and Technology of Malaysia has been issueing
a programme involving a progressive reduction of pollution from the oil
palm industry over a 4 year period, envisaging a 75% reduction in the
pollution load by lst July 1978, 90% by 1lst July 1979, 95% by lst July
1980 and 97.5% by lst July 1981. That means that BOD concentration must
be reduced from a level of 20,000 mg/l to 5,000 mg/l by the first year
of enforcement. The required levels are 2,000 mg/l, 1,000 mg/l and 500
mg/1l consecutively for the subsequent years. Wastewater for land dis-
posal is generally required to be treated to a BOD level of 5,000 mg/l

prior to disposal.

This move has generated the recent creation of the Palm 0il Research
Institute of Malaysia (PORIM) vesting similar structural organisation as
the Rubber Research Institute of Malaysia (RRIM). Thanks to the Inter=-
national Development Research Center (IDRC) according a research grant
to AIT's Enviromnmental Engineering Division; an extensive systematic
study on palm oil waste treatment is being conducted in cooperatiom with

the Division of Environment, Ministry of Science and Technology, and the
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Federal Tand Development Authority of Malaysia. Encouraging results have
been obtained, and it is heped that they could be useful for PORIM to

launch its future investigations. (Thanh et al ., 1979)

Palm oil, a fruit-coat oil, is a semi-solid, edible o0il extracted
from the pulpy portion (mesocarp) of the fruit wall of the oil palm

(Elaeis quineensis). The oil palm originated in the Guinea coast of West

Africa and is now Malaysia's second most important crop, next to rubber
and is recently becoming attractive in Thailand.

Palm 01l is extracted from fruit bunches by a semi-continuous pro-
cess. Fig. 3,10 shows a general process flow diagram of a palm oil mill.
The freshly cut fruit bunches, delivered to the mill daily, are first
loaded in cages mounted on railway and run directly into a horizontal
sterilizer where live steam is used to heat the fruits to about 140°C at
a pressure of 2.5-3.2 kg/cm2 (35-45 psi) for 50-75 min. The purpose of
sterilization is to de-activate the enzymes responsible for the breakdown
of oil into free fatty acids and to loosen fruits from the stalks.
Thereafter, sterilized bunches are fed into a rotary-drum threshing or
stripping machine which separates the fruits from the bunches. The empty
bunches drop into a conveyer belt that carries them to an incinerator and
burn into ash, whereas the loose fruits are converted into a homogeneous
oily mash by a series of rotating arms (digester). The digested mash is
then fed into a press for extraction of crude oil. Nuts must not be broken
at this stage of the process. The solid matters of nuts and pressed fibre
are then separated to recover the nuts which are subsequently dried and
cracked to produce kernels for sale. The pressed fibre and some of the
shells are usually burnt as fuel in the steam-raising boiler.

The extract crude oil consisting of a mixture of oil, water and some
fine solid material, is passed through a vibrating screen to remove solids
present. Hot water is often added in this operation. A clarification tank
is used to separate the oil by gravitation and the oily sludge settles at
the bottom. The clarified oil is further purified in a vacuum dryer prior
to pumping into a storage tank. The oily sludge, after straining and
desanding, is centrifuged to recover the oil which is returned to the
clarifier and the sludge is discharged into an oil trap, where further
oil is recovered by heating the sludge with steam prior to the discharge

of the sludge to a stream.
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@ED Floor washing of the oil room

{EE)? Wastewaters discharged from various units in the o0il room

D)

@29 Overflow from the vacuum dryers

P
13} 0il trap discharge

a. Palm 01l Wastewater Characteristics

The combined wastewater from palm oil extraction is mainly composed
of two kinds of wastes, the sterilizer condensate and the clarification
sludge. 1In addition to these two principal wastes, discharges occur from
other sources, such as claybath separators or hydrocvclones, floor drains,
boiler blowdown, condensing water and discharge from steam traps. Large
mills in Malaysia process in the order of 960 tonnes FFB per day (about
60 tonnes/h) while average factories commonly process about 320 tonnes

FFB per day (20 tonnes/h).

The characteristics of palm oil wastewaters have been reported by
several investigators as summarized in Table 3.7. It can be seen that
palm oil contains a large amount of suspended solids, and very high con-
centrations of total COD and BODg. The combined waste is acidic in nature,
its pH being about 4.5, resulting from the release of free fatty acid
during the extraction process. Palm oil wastewaters are highly organic
but have relatively low nitrogen and phosphorus concentrations. The or-
ganic nature of palm o0il wastewaters indicates that the waste is biologi-
cally degradable, It is likely that biological methods will be most eco-
nomical for this type of organic waste and the high BODg and COD concen-
trations suggest that anerobic biological processes will be effective.
The temperature of wastewater samples was found to range from 80 to QDOC,
which needs to be brought down close to 40°C to make amenable to biolo-

gical waste treatment processes.

Recent investigation by Thanh et al. (1979) has shown that combined
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waste discharged amounted to 2.9 m3/tonne FFB at 50 percentile and
3.5 m?/tonne FFB at 90 percentile. Table 3.8 summarises the contribu-

tion to pollution by different parameters. Table 3.9 gives fifty per-

Table 3.8 Pollution Loads in Terms of Per Tonne of FFB

Wastewater Pollution Load, kg/tonne FFB

Parameters, |ni71 | Mill | Mill |Overall
mg/1 A B C Mean

BOD: 33,3041 29.50 ¢ 31.23 31.34

COD 66.06 | 63.03 ) 68.67 65.92
Total-N 0.63( 0.71] 0.81 0.72
Total-P 0.42 | 0.42 0.40 0.41

011 & Grease 25.21125.68 | 11.35 20.75
Total Solids 52.95 | 54,78 | 49.67 | 52.47
Suspended Solids | 23.56 | 25,33 [ 27.63 | 25.50

*
BOD3 : 3 days incubation at 30°% adopted in Malaysia

centile values of the combined wastewater characteristics at 3 palm oil
mills under investigation. Generally, the combined wastewater is acidic
in nature, pH varying between 4 to 6.8. 0il and grease content is very
high, which indicates that proper measures should be taken for oil and
grease removal prior to treatment total solids and suspended solids con-
centrations are substantially high, inviting that sedimentation is pos-
sible. The BOD3:COD ratio, indicative of the biodegradability of the
waste, is expected to be high. However, it varies between 0.46 and 0.55.
This ratio must be carefully interpreted in this case, as many aromatic
and cellulosic substances could not degraded during the BOD; determina-
tion. Notwithstanding this discrepancy, highly organic nature of palm
oil waste indicates that this waste is amenable to biological treatment.
Again, there is reason to believe that anaerobic/aerobic biological

system is a viable combination for the treatment of palm oil waste.

b. Treatability of Palm 0il Waste

Treatability studies were carried out in Malaysia and in Thailand

(Thanh‘gg_il., 1979). 1In Malaysia, tests were conducted by two anaero-
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bic ponds in series without any initial adjustment of pH in the waste.

Details of study are summarised in Fig. 3.11.

It was observed that

two-stage anaerobic pond of 30 days detention time substantially reduces

CODF content in the waste, readily to be subsequently treated by com-

pletely mixed activated sludge process.

The final effluent denoted a

reasonable content of CODp and BOD3 so the waste could be discharged

into receiving streamg without any adverse effect.

Table 3.9 Fifty Percentile Values of the Combined

Wastewater Characteristics

Palm BOD,/ 0il &
0i1 | COD | BODj TS S5 |Total-P |Total-y| pH
Mill COD rease
A 28,500} 14,000 Q.49 23,000 | 10,000 163 265 9,600 [ 4.0~
mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 | 5.7
B 18,300 | 10,000 0.55 15,500 7,500 135 230 8,200 | 4.2~
mg/1 mg/l : mg/1 mg/1 mg/1 mg/1 mg/l | 6.8
C 31,500} 14,500 0.46 22,700 112,500 180 366 5,300 _
mg/1 mg/1 ' mg/1 mg/1 mg/1 mg/1 mg/1

In Thailand, palm oil waste was
series with initial adjustment of pH by lime (Fig. 3.12).
was 15 days in one pond, and 20 days
the characteristics of the effluents

a very high reduction in CoD4 and BODg.

in the other.

treated by two anaerobic ponds in

Detention time

It was observed that

from two ponds were similar, with

aeration activated sludge process revealed that the effluent BODs was

Subsequent treatment by extended

brought down to about 50 mg/l, which is considered to be quite an achieve-

ment of this treatability study scheme.

C.

Remark on Palm 0il Treatability Study

Anaerobic -~ aerobic treatment system revealed to be an immediate

solution to the handling of palm o0il waste prior to discharge into recei-

ving streams.

At the moment of this report writing, works continue to

be carried out by applying a wide spectrum of aerobic biological systems

to treat the effluent from anaerobic pond, e.g. oxidation ditch, trickling
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filter, bio-drum, oxidation pond, facultative pond, aerated lagoon.

Results will be published at a later stage.

This form of study could constitute an investigation prototype for
other industries, encompassing in-plant evaluation, flow measurement,
wastewater sampling and analysis, laboratory treatability studies.
Recommendations on water conservation and process modifications were
also brought about in an effort to achieve a better water management.
1t is noticed that palm oil mills, in general, are facing water shortage
during dry spell period, conservation of water whenever possible should
be practised. For example, proper handling of water taps and hoses in
the premises must be applied, recirculating the turbine cooling water,
overflow from vacuum dryers and steam condensates from boiler house, is
desirable; fruits dropped into drains should be manually collected in-
stead of being flushed away with tap water. Oil and grease in waste
must be separated prior to treatment. It is always expensive to treat
a wastewater once it is generated; reduction of wastewater discharge
should be tackled at its source by modifying or eliminating unnecessary

activities without affecting the quality of fimal product.

It is to hope that pilot study could be conducted upon the comple-
tion of laboratory treatability studies, based on the existing local

conditions of the factories and relevant economic treatment systems.

3.4 Sugar Cane Wastewater Treatment

The wastes produced in the cane sugar manufacturing process vary
according to local conditions, plan site, water availability. Generally,
the wastes may be divided into: condenser water, cane washwater, floor

washing consisting of spillage and leakage, and boiler blowdown (Fig. 3.13).

The condenser water has a degree of pollution caused by improperly
controlled evaporators. A considerable quantity of sugar may be carried
into the condensate resulting either from an excessive foaming condition

or from lack of control of evaporator levels,

Canes harvested must be washed because of the soil and other organic

matter adhering to the canes water utilised for cane washing usually has
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previously been used as cooling water. Cane washwater generally has

high BOD.

The pollutional effects of floor washings are largely caused by
sugar spillings and careless or improper operations. Boiler blowdowns,

less in volume than condenser water, also have a pollutional effect,

Table 3.10 summarises the characteristics of sugar cane wastewater
from the Cholburi sugar factory in Thailand. Treatment of this waste
by stabilisation pond has been reported quite successful (Liares, 1966).
With a loading of 5.6 g BOD/m?-day and 15 day detention time, the effluent
filtered BOD is reduced to 19 mg/1.

An example of successful case of sugar cane wastewater treatment
in relation to water quality management was reported by Vicharangsan
{1979). The Maeklong River Basin (about 100 km west of Bangkok) is a
cane growing area with an annual cane output of 9 million tomnes. During
cane ~ crushing season, a dozen sugar mills used up about 2.5 million
cubic metres of water a day as coolant and cleanser and discharged 150-200
tonnes of organic pollutants per day, equivalent to a population of
3-4 million people. The temperature of the wastewater entering the river
of 45 to 50°C contributed to complete destruction of the river system and

led to nation-wide complaints.

The Department of Industrial Works of Thailand requested the offen-
ding millers to take corrective actions or have their licenses revoked.
Various corrective measures were tried to curb the pollution problems
of this river basin without much success. Finally, in early 1974, the
Department of Industrial Works and the sugar millers agreed not to dis-
charge effluent into the river. They were to jointly build and operate
a central wastewater treatment plant to serve the 13 sugar mills which
formerly had discharged effluents into the river. The mills would buy
land and share construction costs, whereas the Department of Industrial
Works would operate the plant; annual expenses of which would be charged

to individual mills, based on tonnage of cane crushed, pro rata.
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Table 3.10 Characteristics of the Sugar Cane Waste from the

Cholburi Sugar Factory (Source: Liares, 1966)

*%
6-h Composite Sample

Determination Grab Sample*
Flow, m3/s 0.317 0.317
Flow, mgd 0.73 0.73
BODs, mg/l 352 423
Total daily BOD, 1b 2150 2570
Total daily BOD, kg 976.00 1160
BOD, 1b/ton product 16.7 19.8
BOD, kg/1,000 kg product 7.4 9.0
CoD, mg/l 841 960
NH3-N, mg/1l 0.30 0.19
NO,-N, mg/l 0.03 0.04
NO3-N, mg/1l 8.1 9.5
Organic-N, mg/1 1.20 1.20
Total N, mg/l 9.63 8.89
Phosphorus (as PQy), mg/l 0.40 0.17
Total solid, mg/l 554 916
Total volatile scolids, mg/l 280 555
Suspended solids, mg/l 72.0 176.0
Volatile S8, mg/1l 46 44
Settleable solids, ml/1 0.1 0.1
Alkalinity, mg/1 18.8 22
D.0., mg/l 5.0 6.0
Temperature, °c 46 46
pH 5.8 6.1
*k

*Average of four samples
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A budget of US 1.0 million was set aside from the government's
sugar price stabilisation fund, to be repaid at an interest rate over
a time period. A farm land of 40 ha was purchased at US$150,000, and
pond construction began. Construction costs amounted to Us$850,000.

Treatment equipment and facilities has cost some US$200,000 so far.

In addition, the sugar mills had to install pretreatment facilities
at their sites in a view to recycling cooling water and to alleviating
the burden of the central plant. Officers of the Department of Indus-
trial Works were dispatched to control the pretreatment operation at
the mills, and to operate the central plant itself. According to the
report, (Vicharangsan, 1979) the Maeklong River Basin System has been
restored to a manageable lifeline. Treated effluent containing some
useful elements as soil nutrients serves as supplementary irrigation to
the surrounding canefields. Virtually, all water is now distributed to

the cultivation of cane in that area.

Costwise, it is reported that this central treatment plant has been
successful economically. Expenses for four years of operation and some
30 million tonnes of cane qrushed (2.55 million tonnes of sugar produced)
have amounted to about US$0.5 million including depreciations, at the
cost of US$0.017 per tonne of cane or US$0.20 per tonne of sugar to pro-

tect the environment.

General Remarks

Sugar cane wastewater is easier to treat than tapioca, rubber and
palm oil wastes. Cooling and condenser wastewaters are high in volume
and low in BOD, They should be reused as much as possible to minimisge
stream pollution Fig. 3.14 is a flow diagramme of a sugar mill designed
to minimise water pollution as well as to provide maximum reuse as suggested
by Stone (1951). Concentrated wastes from spillage, scum leaks, and grease
and oil from machinery are low in volume and high in BOD. Stabilisation
pond has been proved to be a successful treatment system to treat sugar

cane wastewater, at a reasonable cost.
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3.5 Coconut Processing Wastewater

The coconut industry plays a vital role in the economy of the
Philippines, ranking the first as coconut supplier in the world, pro-
viding 80 per cent of its total production to internatiomal trade in
the form of copra, coconut oil, desiccated coconut and copra meal. In
Malaysia, the coconut ranks as third largest crop in terms of acreage,
covering about half a million acres, and producing about 90,000 tonnes

of coconut oil (Ma, 1975).

Fig. 3.15 shows the pattern of desiccated coconut manufacture and
its sources of wastewater. The copra industry produces a large volume
of coconut water usually released as wastewater, at the rate of 136 litres
per thousand nuts. Based on the estimate of 227 kg of copra per 1,000
nuts the volume of coconut water produced in 1970 in Malaysia is estimated
at 11 million litres (Ma, 1975), released to the environmment without any
treatment., A desiccated coconut plant which splits about 300,000 coconuts
per day throws out approximately 90,000 litres of pure coconut water
(based on 0.3 litre coco water per nut) plus about 750,000 litres of

wash water (based on 2.5 litres of wash water per nut).

Table 3.11 gives analyses of effluents from two desiccated coconut
plants and standard Class C. It can be seen that the characteristics
of desiccated coconut wastewater change from plant to plant. Wastewaters
are highly orgénic but have relatively low nitrogen and phosphorus con-
centrations., Ratio of BODg5 to COD of 0.8 indicates that this waste is
biologically degradable. 1In terms of BODg, COD and suspended solids,
desiccater coconut wastewater is very similar to tapioca starch wastewater.
It is then logical to advance that anaerobic biclogical treatment would
be an effective first-stage treatment process, followed by aerobic bio-

logical treatment before discharge.

Efforts have been made to treat desiccated coconut wastewater di-
rectly by conventional activated sludge, as illustrated in Fig. 3.16.
It can be seen that treatment of wastewater for expediency purpose is

not an appropriate approach if reasconable effluent is to be achieved.
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Table 3.11 Typical Analysis of Effluent from Desiccated
Coconut Plant and Standard Class C

Parameters mg/l, Plant | Pilant | Standard
Class C
except as indicated A B Waters
pH 6.3 4.7 6.5-8.5
Acidity 759 -
BOD« 5,800 | 14,000 20
CcoD - 17,000
Phosphate 43 -
N-NO; 0.12 -
Phenols 4,8 - 0.02
Suspended Solids 184 2,600
Volatile Susp. Sol. 180 - ‘
Settleable Solids - 90
Dissolved Solids - 9,400 1,000
Total Selids - 12,000 2,000
Grease & 0il 76 - 5
Temperature, °c 36 -
DO 0 5
Recommendations

The following recommendations could be made with regard to treat-

ment of desiccated coconut wastewater:

1. Coconut water is rich in nutrients and contains important
growth factors which are an excellent growth medium for fermentation.
Ideally, the most economic and practical approach is to make use of
the coconut water as growth medium in fermentation to derive some pro-
ducts from it and then treat the effluent in conformity with pollution
control standards. But economic aspects of recycling are queétionable;
the volume is too large to be processed economically: The treatment of
coconut water to reduce its BOD remains the direct approach to the po-

1lution problem.
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2. The investment in wastewater treatment is dependent on the
volume of waste to be treated and the quantity of polluting material
discharged. Hence, it is worth attempting to minimize water use and
investigating major sources of polluting materials rather tham just
accepting the waste streams as discharged. An in-plant evaluation of

water use and waste generation is necessary to achieve these objectives.

3. It is necessary to instal flow measurement devices on the
major wastewater streams to be able to determine the magnitude of waste
discharges and their variability. Fluctuation in flow, the minimum
and maximum flows will be monitored to cover the full operating period

of the day and determine diurnal and weekly variability.

4. The variability of flow is supplemented by changes in waste-
waters characteristics in the various streams. It is important that
wastewater streams are sampled for analysis at the same locations where

measurement is being made.

Grab samples will be taken from each waste stream in proportion
to the flow every hour throughout a 24-hour operating period and these
individual samples will be composited for detailed analysis. This opera-
tion will extend over many days for each waste stream until the waste~-
water quality variability can be assessed. Next, samples from each
wastewater stream will be collected for analysis om an hourly basis to

determine diurnal variation and wastewater quality.

5. 1Individual wastewater streams and/or combinations of the sepa-
rate streams will be subjected to appropriate treatment as indicated
by the wastewater amalysis., Recommendations will be made on the most
suitable sequence'of treatment units processes and on their likely ef-
ficiencies, taking into account space availability. This will provide

basic data for treatment plant design.
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IV APPROACHES TO WATER POLLUTION CONTROL_ _ -

4.1 Alternatives in Water Pollution Abatement

Water pollution control is only one aspect of water resources
management, A rational approach to the control of water pollution should
view the available technological measures as aids to efficient resource
utilization, that is, to maximize the overall econeomic and social returns.
The priorities assigned to various water uses are political decisions
which define the constraints to be applied in managing water quality
in a region. However, the necesgary quality demands of legitimate water
ises and alternative quality management schemes must be evaluated tech-

1ologically.

Fig. 4.1 shows the cycle of water use by society wherein water
and other materials are inputs to industrial processes (including agri-
culture) or to a city, and wastewater is the one output with which we
are concerned. There are obviously many points in this cycle at which
2n attempt could be made not only to minimize the quantity of polluting
materials being discharged but also to reduce the effects of the dis-
charged pollutants. The consideration should also include the capacity
of a water body to accept waste discharges without seriously affecting
subsequent uses of the water, Management alternatives available for
improving the quality of receiving waters are summarized in Table 4.1.
Some of the more important of these alternatives are discussed in greater

detail in the following sections.

.2 Minimizing Wastewater Generation

I~

In developing countries and in those which have lax pollution re-
gulations, the potential for reducing wastes generation from industrial
plants is great. Few present-day plants have been designed or are operated

with any consideration of wastes, and misuse of water is widespread.

The quantity and quality of wastes released by industry are func-

tions of raw materials used, the nature and operation of the production
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Table 4.1 Technological Alternatives in Water Polluticn

Abatement (Source: Kneese and Bower, 1968)

Principle Method

A. Reducing Wastes Generation . Change type of raw material inputs

Change or modify producticn process

1

2

3. Change or modify product outputs
4. In-plant recirculation of water
5

. Segregation of concentrated waste
streams

6. Waste elimination

B. Reducing Wastes after 1. Materials recovery
Generation 2, By-product production
3. Waste treatment

4. Effluent re-use

C. Increasing or Making Better . Addition of dilution water
Use of Assimilative Capa-

. X ipl tlets from reservoir
city of Receiving Water Multiple ou § trom reservolrs

. Reserveir mixing
Reaeration of streams

. Saltwater barriers

[= AN R . A ]
.

. Effluent redistribution

process, the final products produced and water usage. There is a wide
range of variations not only among wastes from different industries but
also among wastes from different plants within an industry. Thus, even

if the general constituents of an industry's waste are known, each plant's
discharge will raise its own peculiar problems and be amenable to parti-
cular solutions based on individual study. The aim of this approach to
pollution abatement should be to reduce the volume and strength of waste-
water generated per unit of raw material processed or final product manu-

factured,

Sometimes a change of raw material input or product output can have

significant effects on wastewaters released from a plant. Wastes from
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agricultural product processing and fruit canning are highly dependent,
from the point of view of guality, on the growth, harvesting and tran-
sport of the raw product. Changes in consumer demand over time have
stimulated the development of new products which have implications in

wastes generated.

Although most changes in production process have been brought about
for reasons other than water pollution abatement, process changes often
have the major impact on wastes generation. Usually there are several
ways of producing a given product so that there are possibilities for
modifying almost all processes to reduce wastes released. As acceptance
of the external costs of wastes released to the environment is forced on
industry, the generation and control of wastes will be considerations in

process design and will be accounted for in production costs.

Another effective way of reducing waste generation in an individual
plant is to concentrate on improving its operation. If the particular
process is operated at maximum efficiency the conversion of raw material
to product should be high, resulting in less losses in waste streams.
Organizing plant maintenance to minimize leaks of water and materials
and general good housekeeping in a plant can often reduce the waste pro-
blem significantly, particularly after the major sources of waste materials
have been identified. COne other possibility to reduce the quantity of
waste for subsequent treatment is segregation of strong wastes, which
might allow the bulk of relatively unpolluted wastewater to be discharged

without treatment.

In-plant recirculation of water is also an effective method of
reducing wastes generation. Small plants can often effect a significant
wagste volume reduction through changing to a recycled cooling water
system from a once~through system. Large plants, such as thermal power
atations, will normally already be using recycled cooling water because
of the large water volumes required for cooling., Mamy other process
wastewaters, particularly if not heavily polluted, can be recycled for
reuse in parts of the process with less exacting water quality require-

ments. Processes converting agricultural crops, such as the production
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of tapioca starch, use large quantities of water and if limits are placed

by authorities on water use, water recycling will be encouraged. Future
increased water demands will result in a greater need for water conger-

vation, and recycling and reuse by industry of both its own and municipal

wastewaters will become more common.

4.3 Resource Conservation and Recycling

Water is an important resource which can be conserved and recycled
both by industry and municipalities. However, there are other materials
contzined in municipal and industrial wastes which can and should be
reduced. Materials recovery and by-product production are two methods
for reducing wastes after generation which differ by reason of the pro-

duct being reused within or outside of the same production unit, res-

pectively,

Another alternative is to process a waste for the purpose of pro-
ducing a by-product to be used as an input to other production processes
or for consumption. One example for direct use, without processing, of
& waste stream is that of molasses, from sugar cane processing, which
is used by distilleries. Industrial and municipal wastes have also been
used in recent years for the production of single cell protein (yeasts
and algae) which can be used to offset serious protein shortages in the
future. Sale of by~products not only helps to offset industrial produc-
tion costs, an incentive to adopt this approach, but benefits society
through reduction of the indirect costs of pollution discharges. An
ideal system of waste handling would reclaim valuable materials and
water for reuse, produce marketable by-products and effectively elimi-
nate or limit water pollution - and do so at a cost which would provide
a net profit to society. This panacea has not yet been found even for

the handling of municipal wastewaters, which are much more consistent
than industrial effluents.

4.4 Wastewater Storage and Diversion

If advantage has been taken of feasible methods of wastes reduction

and still a significant amount of wastewater is to be discharged to a
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receiving water, effluent redistribution in space or time will often
eliminate or minimize waste treatment, Storage and regulated discharge
of wastes, transfer of wastes to a differeant location for discharge,
and underground disposal are possible ways of achieving this. These
methods have little or no effect on waste loads and do not modify the
receiving water but are aimed at making better use of the assimilation

capacity of water resources.

Storage of a waste before discharge will have the effect of equali-
zing quality so that sludge emissions of highly concentrated waste, such
as occur on tank cleaning, can be diluted with the regular waste flow
before discharge. Thig in itself will often prevent some of the more
serious manifestations of gross pollution, such as figh kills. In tro-
pical countries, the high evaporative losses from water surfaces might
allow a wastewater problem to be converted into a solid waste problem,
if wastewater discharges are only seasonal or of small volume and suffi-
cient land is available for storage. Regulated discharge, in combination
with temporary storage, takes advantage of the extra dilution afforded
during periods of high flow. In an estuary or on the coast this may
mean .storage during the ebb tide and discharge on the flood tide. Sea-
sonal storage during low flow periods may be adopted by certain types
of industry but if dailly wastewater discharges are high the storage volume

required will be large.

Transfer of wastes from one location to another for discharge to
take advantage of a greater assimilation capacity, is often practiced
in areas near tidal estuaries or oceans. Transport of wastes or treat-
ment plant effluents by submarine outfall to points where greater dilu-
tion is provided will often allow a lower degree of treatment to be pro-
vided than would otherwise be necessary. Sewage treatment plant effluents
have often been used for irrigation purpﬁses and this prevents direct
discharge to receiving waters. Wherever water is short, farmers will
be pleased to receive municipal plant effluents and industry will often

pay for the privilege of using them.
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Underground disposal of very concentrated wastes which are diffi-
cult or expensive to treat has been adopted by certain industries.
Effluents are discharged into relatively deep formations containing
little water or water of such poor quality as to be unsuitable for pub-
lic use. This type of disposal represents a consumptive use of water
and should not be adopted except for small quantities of waste. Reuse
of treated municipal wastes is possible through recharge of underground
aquifers with properly treated plant effluent. Recharge may be by in-
jection wells or recharge grounds on the surface 1f an outcrop of the
gtratum exists. Thig has only been adopted where water is very scarce,
becauge of poésible health hazards and public aversion to sewage recyc-
ling, but it could well be necessary in areas where overpumping of aquifers

is resulting in saline water intrusion and/or ground-surface sinking.

4.5 Modification of Assimilative Capacity

‘Flow augmentation through streamflow regulation is becoming in-
creasingly adopted for water quality improvement throughout the world.
Controlled releases from reservolr storage is effective in increasing
the assimilative capacity of rivers and estuaries by providing increased
dilution and oxygen supply. However, the effects of reservoir storage
on quality of the stored water may militate against an improvement in
quality downstream after release. While storage equalizes fluctuations
in certain quality variables and improves others, important characteris-
tics may be adversely affected. If a reservoir stratifies thermally,
water in the lower layer (hypolimnion) can become devoid of dissolved
oxygen and if subsequently released will not provide additional oxygen
supply for downstream use. The unfavourable effects of storage can be
overcome if they are anticipated. Multiple level draw-offs enable water
to be released from the depth of best quality for the dilution purpose
served, Stratification. can be prevented or cured through reservolr mixing

by inlet and outlet design, pumping, or use of compressed air.

The other major possibility for improving the oxygen supply avail-
able in a recelving water is actually to improve reaeratiom. This can

be done using vacuum breakers to introduce air into water in the turbines
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if there is a power installatiom at a reservoir. Artificial weirs along
a river are known to provide aeration but gemerally will not be capable
of preventing adverse conditioms arising. 'More violent aeratiom would

be needed to be effective under heavy waste loading conditions and mobile
or fixed aeration devices must be introduced. Mechanical aerators or
diffused air systems would be provided in the region of the low point in
the sag curve. There will obviously be an economic limit to the capacity
which could reasonabiy be installed for this type of duty and the period

over which it is necessary to operate will also be important.

A combination of methods may be desirable in a particular instance
and it may often be necessary to coordinate a method or methods of im-
proving the assimilation capacity of a water resource with waste control
and treatment measures to arrive at a least cost solution., Individual
abstractions or discharges of water from or to a receiving water for any
purpose must not be allowed without considering their effects on the

waste assimilation capacity.

4.6 Wastewater Treatment

Wastewater treatment has not been widely adopted in developing
countries because the costs are significant and the direct benefits to
a manufacturer or municipality have been considered zero or low. The
industrialist generally has not considered the external damages and
social costs caused by his waste discharges sufficient incentive to
invest in waste treatment, but increasing pressure is being applied to
industries to control their wastes. More developed countries of the
region have had 6nly limited success in controlling-industrial wastewater
discharges and environmental conditions in major cities are often worse
than in cities in developing countries. However, much more investment
is being made in wastes control and research directed towards improving
the situation in those countries. The situation with regard to muni-
cipal wastewater treatment in many developing countries is complicated
by the fact that conventional sewerage systems are not often found in
cities. Without wastewater collection and transpert to central plamts,

the cost advantages of large scale treatment plants cannot be achieved.
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However, here again, it may be necessary to think unconventionally in
arriving at a solution because the capital cost of ingtalling sewers

in large cities is usually prohibitive. From the point of view of water
pollution control it is as important for municipal wastewaters to receive
treatment as it is for industrial wastes. Furthermore, it is only fair
for the authority forcing industry to control its wastes to do the same
with the municipal sewage, which will be of greater pollutional capacity

than industrial wastes in most developing countries at the present time.

When economic processes of materials recovery, by-product production
and effluent reuse fall to prevent a residual waste load from an industry
or community exceeding the assimilation capacity of a receiving water it
is necessary to treat the waste before discharge. In designing and opera-
ting a waste treatment plant, full advantage should be taken of the re~
ceiving water's assimilative capacity, in its original or modified state.
This may mean a phased development of plant as waste residuals increase
and flexible design of units to allow varying degrees of treatment effi-

ciency to match the stochastic nature of stream assimilation capacity.

The combination of unit processes making up a treatment plant flow
diagram will depend on the characteristics of the particular waste and
the effluent standards imposed. Invariably, the costs of constructing
and operating a wastewater treatment plant increase with the degree of
treatment required and so the controlling authority should be careful
to impose only those stream standards essential for downstream water
uses. Because of the economics of scale resulting from larger capacity
plants, regional wastewater treatment plants should be considered where
a number of industrial plants are located in one area. Table 4.1 shows
a listing of unit processes commonly used for treatment of degradable
organic materials, It can be seen that most processes have an output,
which generally needs further handling, and so cannot be considered

complete disposal devices.

The unit processes marked with an asterisk (*) in Table 4.1 are
considered most sultable for use in tropical developing countries either

by reason of their suitability for the prevailing climatic and labour
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Table 4.1 Wastewater Treatment Unlt Processes for Degradable
Organic Materials,

Material to be Removed
or Converted

Unit Process

Qutput from
Unit Process

Degradable organic
materials:

Aerobic Biological Treat-
ment:
Activated Sludge
Biological Filters

* Biological Disc Filters

Oxidation Ditches

* Oxidation Ponds

(Facultative)

* Aerated Lagoons

Anaerobic Biological Treat-
ment:

* Anaerobic Digestion

* Anaerobic Contact

* Anaerobic Lagoons

Adsorption:

* Activated Carbon

*

Sludge
[ 1]

Sludges:

Incorganic and organic

Concentration:
* Clarifier thickening
* Gravity thickening
* Flotation
Dewatering:
* Drying Beds
* Lagoons
Filtration - gravity
- vacuum
- pressure
Centrifugation

Concentrate
1)

Dry-cake
"

n
L1

"

Sludge:
Organic

Digestion:
Aerobic

* Anaerobic

Heat Drying and Combustion:
Heat drying :
Incineration

Wet oxidation

Sludge
1

Dry-cake
Solid residue +
gases
Solid residue

Liquid effluents and
solid residuals

Final disposal:
Land fill
Fertilizer
Stream Discharge
Sea Discharge
Irrigation
Underground Disposal




conditions or because they utilize little or no imported equipment

(or for both reasons). It should always be the aim to adopt methods
which are particularly suited to and take advantage of prevailing en-
virommental conditions. For example, the high temperature conditions
in tropical countries promote the use of anaerobic biological treat-
ment for organic wastes and the lack of skilled labour encourages the
adoption of unsophisticated processes. It is normal to attempt to
use the lowest_cost golution to a waste treatment problem but this is
especially important under the economic restrictions in developing
countries. In addtion, particularly with industrial plants, the in-
vestment in waste treatment should be related to the financial condi-
tions and tax structure of the country; the high interest rates usually
found in developing countries will encourage low capital investment
with higher operating costs, which is not uncommon with industry in
déveloped countries. It is necessary, therefore, for the technologist
to be flexible and innovative in developing waste treatment processes
which ideally suilt conditions in a particular country, and for the

authorities to be more susceptible to unusual solutions to water nollu-

tion problems.

While large cities eventually will be forced to adopt capital in-
tensive systems for waste treatment, smaller cities and industries,
particularly in developing couﬁtries, must think in less conventional
terms if anything in the way of pollution abatement is to be achieved.
Land intensive systems, and partidularly treatment processes utilizing
limited equipment needing specialized manufacture, suggest themselves
as logical methods. However, land is never cheap and land inténsive

treatment processes should still be designed and operated to obtain

maximum efficiency from land use.

Oxidaticn ponds have long been used in Australia and New Zealand
for municipal waste treatment, and the cities of Melbourne and Auckland
have built up a wealth of experience in operating these systems., Envi-
ronmental conditions in tropical countries are ideal for the biological

processes which occur in these ponds. Essentially, organic matter is



broken down by bacteria in the ponds as in conventional biological treat-
ment processes, aerobically in upper layers and anaerobically on the
bottom. The oxygen requirements of the bacteria in facultative ponds

are provided mainly by algal photosynthesis, wBile algae proliferate

as a result of the carbon dioxide released by bacterial respiration.
Ponds can be very cheap to construct, being formed by earth embarkments
and not requiring lining if built on relatively impervious soil. One
major advantage of oxidation ponds is their ease of operation and main-

tenance costs are very low.

Ambient temperature has a significant effect on pond performance
and on the maximum organic loadings which they can tolerate. Faculta-
tive ponds in tropical regions can be loaded up to about(450 kg BOD per
hectare day) without lowering BOD removal per unit of area, while ansero-
bic ponds or lagoons have been operated up to 51,660 kg BOD per hectare
day (46,000 1b BOD per acre day) with high efficiency (McGarry and Pescod,
1970). Anaerobic systems are particularly suited to tropical conditions
and anaerobic ponds are the cheapest possible form of anaerobic treatment.
They are most effective on concentrated organic wastes, and tapioca

starch wastes are typical of those agricultural product processing wastes

amenable to treatment by this method. A final polishing of anaerobic
pond effluent 1is necessary before discharge and this can be accomplished
in facultative ponds, The cost of treatment using oxidation ponds
depends on both the efficiency of land use (which depends on climate)

and on the cost of land (which depends on locatiom).

Oxidation ponds are an extremely flexible system of waste treatment.
If originally designed as a number of facultative ponds in series, the
first pond or ponds can be allowed to go anaerobic as loading increases
and no further land is required. If the loading further increases,
later ponds in the series system can be aerated using floaﬁing surface
aerators to increase their treatment capacity and yet maintain aercbic
conditiens., 1f eventually an urban area has grown to the point where
land value is too high to justify excess use for waste treatment, the
land occupied by oxidation ponds is a reclaimable asset which can offset

the costs of providing alternative secondary treatment.
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An alternative process to oxidation ponds which has been used for
small communities and industry is the oxidation ditch (Baars, 1962).
In fact, this process 1s an extended aeration activated sludge process
designed for a retention period of about 24 hours rather than the conven-
tional activated sludge detention time of 6 hours. Land use is much
less than for oxidation ponds which are usually designed for a minimum
detention time of 10 days for treatment of sewage, to allow a greater
die-off pathogens. The process has great appeal in developing countries
because construction is simple and the only equipment necessary for a
basic plant 1s an aeration rotor, which can be made locally. Operation
is simple, maintenance cost 1s low and efficiency of BOD removal is
high, Ditch construction can be cheap but is more costly than for oxi-
dation ponds. Oxidation ditch treatment would not normally be adopted
for large waste flows because of the high retention time in the plant.
Cost of treatment using this method will generally be of the order of

a regular secondary treatment plant because of the size.

There are capital intensive systems availlable for sludge handling
and treatment but, at the present time in developing countries, land
intensive methods will be more appropriate. Agaim, preoper design will
ensure maximum efficlency of land use and minimum cost. Available
methods include evaporative lagooning and sand drying beds and most
effective use of land will result from these methods being adopted in
conjunction with sludge thickening and anaerobic sludge digestion to

provide a more concentrated and less obnoxious material for dewatering
(Pescod, 1971).
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V CONCLUSIONS AND RECOMMENDATIONS

Developing countries are at an advantage at present in that they
can learn from the mistakes of more developed countries and prepare
for the inevitable environmental quality degradations brought about
by urbanization. Englneers, planners, and administrators must have
an awareress of the dangers of uncontrolled urbanization and be pre-
pared to introduce measures to conserve a suitable urban environment,
Following are some approaches which are necessary for contrel of pollu-

tion of the environment in developing countries,

Need for Base Line Studies

Development projects will always have an impact on the environment
and developing countries must be prepared to invest in control measures
which are designed to preseérve potential natural resources and, at the
same time, not to sacrifice for the sake of development. It must be
realized that there is a delicate balance between ecconomic development
and environment control within which each country must work out itself.
The reckless mismanagement of the natural resources without paying any
heed into the consequent upset in the balance of nature can lead to eco-
logical disasters. The objective of environmental control does not mean
that development activities should be curtailed, However, it is desirable
that impact assessment, both short-term and long-term, of the development.
activities be made and management strategies be drawn for obtaining the

least impact,

Developing countries are normally at a great disadvantage when it
comes to evaluating the impact of projects because so little environmental
data are extant, even for those parameters which are easily measured.

For example, most developing countries in Asia have only short-term mete-
orological and hydrological data and often the monitoring of important
variables, such ag streamflow in major rivers, is intermittent and hapha-

zard.

Before environmental impact of a development project can be assessed

there is a need for background data on the physical, chemical and biolo-
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gical characteristics of the ecosystem. The environmental base line

or back-ground study is designed to provide these data for impact eva-
luation and use in project design (particularly for pollution control
measures), but is also useful in the monitoring of environmental quality
changes after a project is implemented. It is advisable for Governments
to sponsor baseline studies in connection with private developments so
that the extent of any subsequent deterioration of environmental quality
can be quantified, Sometimes private companies investing large sums

in industrial projects that are known to be enﬁironmentally suspect may
finance base line studies of their own as protection against any unjus-
tified claims that they have denigrated the environment. One other im-
portant use of a base line study is in establishing the assimilative
capacity of a natural system, consequently minimizing investment in con-
trol of polluting residual discharges. Base line studies are extensive
and costly and must be carefully planned and executed. They do provide
opportunity for training of local personnel in a developing country if
handled by local organizations., Usually studies are cheaper when carried
out by educational institutions rather than by private companies. It 1is
essential that independent organizations with experience in environmental

matters be employed to produce reliable impartial results.

Need for Environmental Impact Assessment

Before any large industrial or governmental development project is
given final planning permission, a detailed environmental impact assess-
ment should be prepared and considered. The purpose of an environmental
impact analysis 1is to apply systematic techniques to measure the benefit
and damages to the enviromment and see which species are affected adversely
or beneficially. It may be considered to be in two parts: the evaluation
and screening of projects which affect the environment to determine any
adverse ecological reactions; and speclal studies of ecological impacts

to ascertain the degree of biological damage and how it may be mitigated.

Applications for permit to construct development projects should in-

clude an envirommental impact statement or report which discusses:
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(1) the environmental impact of the proposed action,

(2) any adverse environmental effects which cannot be avoided
should the proposal be implemented,

(3) alternations to the proposed action,

(4) the relationship between local short-term uses of man's
environment and the msintenance and enhancement of long-term
productlvity, and

(5) any irrevergible and irretrievable commitments of resources
which would be involved in the proposed action should it be
implemented.

Need for Environmental Reconnalssance

An environmental or ecological reconnailssance may be carriled out to
give a preliminary assessment of environmental impact of a project and
to indicate those aspects which deserve further in-depth study. It
provides only a cursory review of principal impacts and 1s therefore
of more limited scope and depth than an envirommental impact study.

The time scale for envirommental reconnaissance would be much shorter

than for environmental impact, perhaps of the order of 1 to 4 or 1 to 5.

Even though a reconnaissance is expected to be less thorough than
an impacf study it should be as detailed and quantitative as time and
regsources permit. It will normally involve a multi-disciplinary team
coordinated by a project leader, who might well be a envirommental engi
neer., The outcome of the study should be identification of those envi-
roﬁmental impacts of a project which need further study, recommendations
on alternatives for those components of a project which are likely to
be environmentally unacceptable, recommendations on actions which should
be taken s0 a8 to preserve or exploit natural or cultural resources and
reduce adverse impacts, and preliminary recommendations on the likely
acceptability of the total project or alternatives (wherever appropriate)

from an environmental point of view.

Normally, as a result of an ecological reconnaissance survey there

will not be sufficient data on which to base a trade-off analysis and
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recommendations will normally be based on subjective evaluation of
information available. Where a project is estimated to have little
adverse impact on the environment, the ecological reconnaissance study
may obviate the necessity for a full environmental impact study and
thus reduce costs while still allowing further study and remedial ac-

tions to be carried out on specific aspects with adverse effects.

Standard Setting

Most of the developing countries do not have a set of standards
for managing and maintaining a certain quality of the environment suit-
able for the various species including man to live in the ecosystem.
Where standards are available, it is often found that those standards
are not rational and are normally based on the standards developed
elsewhere. Minimum environmental quality standards based on the maxi-
mum .assimilative capacity of the environment should be the basis for
drawing control strategies in the region. It is costly to maintain a
jevel of environmental quality higher than the level required for safe
1iving and for other beneficial uses. Therefore, the standards borrowed
from elsewhere might not be suitable to the local conditions emphasi-

zing the need for setting rational standards for the conditions and

situations of a country.

Environmental Legislation and Punitive Control

Legislation and institution are necessary to administer and imple—‘
ment the policies and of environmental management. To introduce and
improve the environmental legislation in the region, it may be worth-
while to review the present existing legislations in other countries,
and make a thorough study to find out the success or the fallure of

legislative control so as to develop a rational approach for environ-

mental legislation.

Punitive control although not an efficient approach for environmental
quality management is a necessary means by which an environmental quality
management agency can enforce its directives if necessary. In some in-

stances, it could also provide a recourse for damaged parties who feel
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that thelr interests have not been appropriately taken into account
by a management agency. Legal policies should be framed to incur damage
cost but litigation should be used as the last resort for environmental

quality management,

Economic policy approach may be quite effective in this region.
Incentives in the form of effluent charges, payments, tax benefits,
etc, may be introduced within the economic policies of the country en-
couraging the polluters to prevent envirommental deterioration. For
this purpose, the government should be vested with more powerful levers:
economic leverages, economics of scale, and the energy of participatiom.
Example: taxing leaded gas more than non-leaded; a price to be charged
for air, and higher prices for water; taxation of urban land. Under
economics of scale falls the concept of new towns. Those who plan for
the human environment should be spending major shares of their time
mobilizing and releasing the energies of the public through a variety

of devices ranging from education to direct citizen control,

Environmental Orgaunization

Environmental quality is something that should be considered at
national policy making level, Better environmental quality management
could be achieved by creating a unified organizationm to handle different
aspects of environment, e.g. alr pollution, noise pollution, water pollu-
tion, sclid wastes, industrial wastewater etc. The organization should
be empowered to Impose standards, set targets standards for implementa-
tion and enforce regulations., Most often, the alternatives taken by a
separate organization will not decrease the total level of pollutants,
but merely transfer it to another state, transferring the problem to

another organization.

The environmental policies should enhance and not adversely affect
the present or future development potential of countries or hamper the
attainment of better living conditions for all and appropriate steps
should be taken by environmental organization at any level with a view
to reaching agreement on the possible economic consequences resulting

from the application of environmental measure.



Environmental problems have a unique global dimension, for they
afflict every nation, irrespective of its political institutions, eco-
nomic systems or state of development. It is important to deveIOp more
effective environmental efforts through appropriate environmental orga-

nizations in the region.

Reglonal and International Interrelation

The need for international collaborations arises from the fact that
pollution and other environmental problems respect no political bounda-
ries. Activities in a country can affect the neighbouring nations. For
example, when rivers flow through many nations, it is in the interest of
each affected nation that it does not render the waterways harmful for
the country down-gtream of the river for its utilization. A good illus~

tration is the Mekong River which flows through Thailand, Laos, Cambodia
and Vietnam.

Neighbouring countries can share a common sea or estuaries and any
lncidents or projects, which can take place in these waters may have en-
vironmental repercussions affecting the countries concerned. Thus,
arrangements, treatles and collaborative decision makings between nations
to handle these problems i1s a necessity. Coordination would also be
required for the introduction of pollution control regulations on such as

reglonal and international level.

Information Exchange and Surveillance

Permanent mutual information exchange will reduce costs in management
programmes as a result of avoidance of repetitions in control methods,
determination and setting of sets of standards if similarities in geogra-
phical, social and economic conditions are obvious. Regional and inter-
national surveillance can be achieved through regional and international
organizations with their national counterpart organizations. These orga-
nizations should provide informations and guidelines for individual coun-

tries to manage their environmental problems.

Need for Environmental Education Development

The concept of environmental education involves consideration of the

environment as a totality of natural and social systems in which human

- 160 -~



-

9481

beings and other organisms live and from which they draw sustenance.
Major environmental problems, in turn, will be analyzed according to
the scale of the geographical areas affected (local, national, regional
or global), the kind of biophysical and social concerns which arise

and the different types of problems that different patterns and rythms
of development pose, The solution of environmental problems in the
context of development, it might be guggested, lies not so much in the
field of technology, though technical skills are often essentisl, as

in coping with the social, economic and cultural factors giving rise

to them,

Environmental education ig a part of the entire educational process
and not to be regarded as a separate subject, simply to be added to
educational curricula. The achievement of environmental quality goals
demands an educational process which emphasizes the development of en-
vironmental awareness at the individual and collective levels; knowledge
and skills; and socially sound values and behaviour. The target audience
of environmental education would compose of all members and social cate-
gories of a community at all age levels, inside and outside the formal

achool system.,

A function and methodological distinction may be made among three
types of envirommental education and training: (1) the general enviren-
mental education of people from childhood through adulthood in both the
formal and the non-formal education sectors: (2) the environmental edu-
cation of specific professional and social groups whose actions have an
influence on the enviromment (engineers, architects, sociologists, eco-
nomists, workers, industrialists, etc.); and (3) the training of scientists,
technologist and other professional who deal directly with environﬁental
problems (foresters, biologists, hydrologists, ecologlsts, and the like).

The characteristics of environmental education which are involved
in the successful achievement of its stated goals and objectives include;
a problem-solving approach; an inter~ and multidisciplinary methodology;
and a community-based orientation - all in a continuous, lifelong educa-

tional process,.
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In conclusion, developing countries are vitally concerned with
national development. Consequently, they are much more concerned with
economic development than environmental control. However, it should
be recognised that there is a trade-off when the priorities of uses of
the enviromment change with the stage of development of a country and
the envirommental quality requirements of the uses tend to become more
stringent as the economy improves. Regource-congerving urbanism becomes

increasingly more important in developing countries as the population
increases and development occurs.

The overall objective of development is to improve the quality of
life. Economic development with no environmental control leads to eco-
logical and environmental impacts which reduce the quality of life. The
major impacts of development activities should be assessed and environ-

mental management strategies be drawn for balanced development.

1f some semblance of the world of the past is to be preserved or
recovered for future generations, environmental education must play a

dominant role in designing the social and industrial structure for years
to come.
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I  INTRODUCTION

"Waste not-want not' is a slogan appropriate to the world we

live in today, especially in developing countries which account for
two~-thirds of the world's population and whose economies are predomi-
nently agriculturally based, In the past agricultural industriea,
especially those in the humid tropics, have been blessed with an abun-
dance of production of the main economic products which inculcated a
blissful unawareness of the problems of potentially pollutant residues
whether they be in the form of a solid, slurry, liquid or gas. In
some cases residues have been reclaimed for a variety of uses by man,
either by necessity, or because the recovery and marketing of a by-
product has been economically attractive.

In many of the developing countriea of the ESCAP region the
scale of agricultural production and the processing industries has
only expanded both in area and quantity in the past forty years, Prior
to this era, and even up to 20 years ago, waste residues were not of
such significant quantities, and, being somewhat scattered in product-
ion, did not have the impact on the environment that is so evident
today. With the expansion in cultivation of agricultural crops, new
varieties, improved agronomic practices, increase in processing facto-

ries and the development of downstream processing industries, the

Jwater-ways
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water-ways and rivers have had to take prohibitive loads of pollutant

wagtes and mountains of solid wastes have developed which pose manage-

ment and environment problems.

So as to safeguard the environment and return it to its
original state, where considerable damage ﬁaa already occurred, it is
necessary to identify and to develop compatible industrial ﬁechnology
that will achieve this objective. There are many cases of existing
technologies which are economic and effective and which are already in
use in some countries in the region that could be adopted immediately
by others. Likewise technologies already well proven in similar in-
dustries in the developed countries and other undeveloped countries,
such as Brazil, could easily be transferred, providing an adequate

adaptive development programme proves the schemes economically viable.

With the rapid shift in emphasis from fossil fuels to renew-
able resources as an energy source, many agricultural residues are
becoming both technically and economically feasible as raw materials
for this end-use. Moreover, renewable energy is important in streng-
thening the economic stability of agro-industrial processes and in
possibly supplying a cheap source of energy for domestic purposes there-
by reducing the impact of inflation and consequently improving the
standard of living in the developing nations.

In the recent past, emphasis has also given to the potential of
converting residues into food either for human or animal consumption.
There are many possibilities in thie field which could result in lower
costs of food production and, in many cases, result in many of the
countries increasing food production from the existing land area under

cultivation, thus being less dependent on imported foodstuff.

This paper considers the utilization of residues from seven
crops, namely, rice, sugarcane, maize, cassava, coconut, oil palm and
rubber and their associated processing industries. From the end-use
point of view, six categories have been identified into which most if
not all the possibilities fall, viz., energy; food and animal feed;

fertilizer; construction materials, paper and handicrafts, ¢hemicals;

/and
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and water. By identifying the appropriate technology which is aconomi-
cally feasible it will be possible to enhance the standard of living in
‘the countries of the ESCAP reglion while at the same time protecting the

environment.

ITI  CROP PRODUCTION

Table 1 gives the current areas, total output and yield per
hectare which can be used as a basis for determining the potential
problems regarding wastes as a pollutant source in five countries of
the ESCAP region in 1977, It is'interesting to note that yield will
initially determine the ultimate dimensions of the environmental problem
but that the development of further downstream processing and choice of
alternates and products for local consumption or export will also be of

-utmost significance in establishing problem areas and determining the
best possible solution.

Each of the three ASEAN countries in table 1 produce to a
greater or lesser extent all of the seven crops selected, while Paki-
stan only grows rice, maize and sugarcene, and the Republic of Korea
rice and maize, In each of the five countries, the major crops in

terms of production, and, consequently environmental impact are :

Thailand Rice, sugarcane, cassava and maize
Philippines Coconut, sugarcane and rice
Malaysia Rubber, oil palm and rice
Pakistan Sugarcane and rice

Republic of Korea Rice and maize

In some cases, countries such as the Republic of Korea and
Japan, which sre fully developed and highly industrialized, residues
such as molasses from sugar producing countries (the Philippines,
Thailand, Pakistan, India, Australia and Fiji) are used as raw material
inputs for potable and industrial alecoholic production. This results
in downstream second generation production of agro-industrial residues

which increase the problem of pollution control. On the other hand where

/production
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production of the major end-product occurs in isolated situations, such

as in Indonesia, the lack of downstream utilization of & residue, such

as molasses, results in an additional pollution problem. Similarly, the
import of other crude products such as cassava starch, palm oil, copra,
raw sugar and maize may result in either a transfer of downstream residues

of envircnmental importance, or potential economic benefit to the import-
ing country.

With respect to other countries in the ESCAP region, there are
similar examples that can benefit from the observations made here. In
fact, Indonesia from an over-all point of view, produces all seven crops
in substantial quantities and is experiencing the full range of problems
sssoclated with the development of these crops. Sri Lanka is involved
in a redevelopment of its coconut industry, as are many South Pacific
countries which are important coconut producers. 0il palm ie being
developed extensively in Papua New Guinea with the future inherent
problem of controlling pollution from its mills. Finally, for India,
similar problems exist, details of which are dealt with in a separate
workshop paper (Vimal, 1979).

JTable 1
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IIT RESIDUES - THEIR QUANTITY, FORM AND QUALITY

Before the problems and potentials of residues can he determined,
it i1s essential that their quantity, form and quality be assessed. This
will enable the problems, if any, to be defined accurately, and the
adoption of economically feasible technology for the utilization of

various residues to be appropriate for a particular country, regiom or
locality.

Agricultural and agro-industrial residues occur in three basic
forms, viz., solid, liquid and gas, which are either primary, secondary
or tertiary in origin, depending on the degree of development of the
industry concerned.

8. Quantities
The quantities of each particular residue produced appear
to have a relationship to the main end-product which is statistically
reported in each country's yearly records. From the production to by-
product (residue) ratio, given in table 2, it is possible to determine
the quantities of each residue which might be of current or future

economic and environmental importance.

Before illustrating the use of this data, it is necessary
to point out that major agricultural industries based on these seven
crops produce both pollutant and non-pollutant types of residues and
that in such crops as sugarcane a potentially pollutant residue in the
form of molassee is currently of such economic value that it usually
poses no threat to the environment, while in the case of rice straw,
because of its nature and the fact that it is used as an animal feed or

fertilizer, it is a non-pollutant residue.

In some cases, it is possible to estimate the total
effluent discharge of an industry, such as, for oil palm and rubber in
Malaysia where there is 5.75 million and 50,37 million tons of 1liquid
waste, respectively, being discharged into Malaysian water-ways yearly.

/This
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Table 2 Production Ratios of By-products (Residues)

0d1 Pelm (crude mill) Sugarcane (raw mill) Cassava
A. Crude oil 1.000 | A. Sugarcane 1.000 | A. Qhips 1.000
Presh fruit bunch 5.000 Sugar 0.080-0.120 Tons chips 1.000
Effluent (6% salids)  2.750 Bagasse 0.289 Fresh root 4.630
Presscake fibre 0.605 Tops 0. 099 Recovery 21.6%
Eernel 0.210 Nolasses 0.280-0.370
Eernel oil 0.085 Mud 0.020-0.050 | B. Starch
Eernel cake 0.085 Vaste water 0.068 Starch 1.000
Kernel shell 0.235 Pulp 7.53
Empty bunch 1.200 | B. Molasses 1.000 Peelings 0.480
Sludge oil 0.030-0.150 Alcahol 0.270 Fresh root 5.000
Sludge solids(12% H,0) 0,138 Stillage 2,700 Wash water 22,680
Methane production 7’5.2n3 Cooling water 5.@ Frult water 4.400
B. Fresh frult bunch 1.000 | C. Bugurcane 1.000 | C. Alcchol
Crude ofl 0.200 Alcohal 0.088 Alochol 1.000
Effluent (6% solid) 0.650 Bagases 0.280 Pulp 8.248
Presscake fibre 0.122 Stillsge 0.880 ¥ash water 12,335
Kernel 0.042 Cooling water 1.780 Peelings 1.088
Rernel oil 0.017 Cooling water 12.105
Eernel cake 0.017 | D. Molasses 1,000 Stillage 8.203
Kernel shell 0.047 Sugarcane 4,96 Fresh root 7.519
Pmty bunch 0.240
Sludge oil 0.008-0.020 | E. Alcchol 1.000
Sludge solids 0.078 litre
Methane production  380.8m Sugarcane 15.900
Molasses 3.642
Cooling water 0.01140
‘8tillage ©.00570m
Coconyt Rubber Rice
Copra 1.000 | Dry rubber 1.000 | padi 1.000
Muts (1.2 Kg) 2.808 | Liquid effluent 24.450 | Straw 2.600-3,9860
Husk 0.944 | Rubber seed 0.080 | Bren 0.050-0.080
Soell 0,438 sead peal 0.018 | Husk 0.200-0. 250
Dessicated coconut seed shells 0.028 | Waite rice 0.600-0.740
(360 gn/1.2 Kg nut) 0.870 Bran oil 0.010-0.10
OCoconut oil 0,83 Straw Thailand 9.17 ~ 3.96
Copra. cake 0.26 Indonesia 2.74 - 3.43
Coir 0.187 Philippines  2.60 - 3.25
Coconut water 0.533 Aversge 3.28
Deasicated coconut Maize
waste water Grain 1.000
1 ton nuts - 3850 litre Stan 3.200-4 ., 328
1 ton dessicated Cobe 0.860
powder -~ 12850 1itre Husk + Skins 1.000
Coir (1000 husks = 400 Kg Stem Thajland 3,33 - 4.67
produce 87.6 Kg coir) Philippines  3.21 - 4.29
Indonesin 3.10 - 4,14
India 3.16 - 4.21

Note: 1.

Stillage - slopes — waste water,

2. The underlined product is the base unit.

- 173 -




This represents a total BOD 1load of 1.265 x 105 tons for oil palm and
1.511 x 105 tons for rubber which is a very serious environmental
problem for Malaysia., Considering the detrimental effects of these
industries, an effort by the Malaysian Government has been undertaken to
establish standards, and to implement control measures to ensure a

return to a pollution free environment,

Where a residue is of impending greater economic value as
is the case of molasses (a raw material for the production of alcohol
fuels), it ie posesible to determine a country's or region's potential
savings in forelign currency if this commodity is diverted to this new
end-use: For instance, if Pakistan were to convert 50 per cent of its
sugarcane production into raw sugar, it would have approximately
600,000 tons of molasges avallable per year which could be transformed
into ethanol as a 20 per cent substitute for gasoline (as is being done
in Brazil)., The savings in foreign exchange (assuming a value of
U.S. 0.25 cente per litre) would be about US$ 75 million which is about
3 to 4 per cent of Pakistan's current export earnings and about 8 per

cent of Pakistan's current expenditure on imported petroleum products.

Aside from issues of pollution and economic importance,
table 2 also allows for a reasonable guideline as to the feasibility of
setting up a particular process to utilize a residue for a certain end-
use, Conaidération has been given by many authors to the use of
cellulosic residues, such a8 corn cobs and stalks and rice straw, for
the production of furfural. However, there is a need to assess the
availability of sufficient reliable supply to justify the high capital
investment involved. The same premise applies to the suggestion that
various fibre residues asuch as bagasse, oil palm press fibre,'and empty
bunch fibre are suitable raw materials for paper production. Therefore,
the conversion ratios given in table 2 do not enable a complete evalua-
tion of the potential use of agricultural products as other factors
such as existing utilization, concentration of production, transport and
acquisition logistics have to also be considered. This will be dealt
with in greater detaill later.

/Another
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Another use for the data in table 2 is that it can be
matched with details of the efficiencies of utilization of certain
residues in order to redesign mills to improve energy utilization effi-
clency and hence make more surplus energy avallable for further down-

stream, or alternative processes,

As with other tables in this section, this only provides
a guideline and the figures given might vary from country to country,
region to region, and even factory to factory. For detailed and
accurate feasibility studies and designs, each case must be studied
separately. One of the main problems is that there still are many
factors to be taken into account by each case of agro-industrial pro-

duction.

b. Chemical composition

The chemical characteristics of most of the residues con-~
sidered in this paper have been reasonably well documented for both

liquids and solids which are of economic or environmental importance.

The liquids are dealt with by Thanh (1979) within which
tables for effluents from the cassava, oil palm, rubber, sugarcane and
coconut industries provide data on COD, BOD, pH, nitrogen, phosphorus,
total solids, suspended solids and temperature. In some cases, such as
dessicated coconut plant waste water, the phenol and volatile suspended
solids content are given. For palm oil waste, the oil level is given.
This information is necessary for the environmental engineer in design-
ing an economic and efficient pollution treatment system to meet the
standards that are legally required in each country. In addition, from
an end-use point of view, 1t 18 useful in assessing the potential of the
effluent, once treated satisfactorily, as a fertilizer, as an input raw
material (recycled water), or as a source of supply for another down~

stream process.

For solid wastes, table 3 provides an evaluation of the
organic components and total inorganic content which indicate their
potential as an end-use material for fuele, chemicals such as activated

carbon, furfural, enzymes or production of alcohols. The high ash

/content
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Table 3 Chemical Composition of Solid Crop Residues (Dry Basis)

Lignin

- Cellulose Pantosans Ash Others
Rasidue % X % X %

ce

Hulls 41.00 20.00 19.50 18.00 -
Baize

Stalks 40.00 35.00 25,00 - -

Cobs 36.00 32,00 32.00 - -
Sugarcang

Bagasse 56.00 18.00 25,00 1.00 -
011 Palm

Pravs fibra §0.00 21.00 24,00 3,00 10.00

Bapty bunch 34,50 | - 24,00 23.50 5,00 10.00

con

Husk 44,40 29.30 16.90 3.30 -

Husk dust 51.40 39,20 11,00 4,90 -

Coin 62,30 30,90 | 9.60 2,70 -

Petiole 64,40 16,20 18,60 4.70 -

lLeaves 47.10 27.70 11.60 8.10 -
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content of rice hulls is mainly silicon (8102 at 90 per cent) which must

be considered when deciding upon its potential end-use.

C. Nutritionael value

Residues of these agricultural crops have to some extent
been used as animal feeds for centuries; but it was not until recently
that their full potential became evident., Many research workers during
the last three decades have evaluated the multitude of residues from
this standpoint. The nutritional values given in table 4, have been
largely derived from a comprehensive assessment of such materials by
Hutagalung (1977) and Muller (1975).

As will be discussed later, there are a number of excel-
lent economically viable prospects for converting residues into animal
feed and indirectly into human food. Cassava leaves for example are
very high in protein and could be a valuable source of carotine also.
Quite a2 number of the residues included are currently used as animal feed
components, viz., rice bran, palm kernal cake, copra meal and molasses.
Othere show potential as non-traditional feed sources, viz.,, rubber seed
meal. This data only gives an initial indication as to a particular
residue’s potential, More information such as the digestibility of
componants and feed/product conversion ratios will be needed for a full
evaluation. Additional studies on the toxicology of these materials

will alsc be necessary.

d. Energy values

Even before the advent of fossil fuels, crop residues had
been used as energy sources. The energy value of materials such as
sugarcane bagasse, palm oll fibre and kernel shell, coconut husk and
shell, and rice husk have been recognized and have resulted in processing
industries that are more than energy self-sufficient. Table 5 presents
the energy values of residues and traditional fossil fuels to enable an
evaluation of the potential energy balance in any modification or new

design for an industry using these crops as an energy source.

/Molsture

12-1 - 177 -



Table 4 MNutritiooal Composition of Crop Residues for Animel Feed

Constituent Crude Ether Crude  |Nitrogem Free|  Ash Moisture
Residue Pmi_:iln Extﬁact Fi%na Extiact % %
Rice

Rice straw 0.50 ~ 5,890 0.70 - 2.10 {26.40 - 42,50§47.70 - 18.0012,.70 - 21.30(12.0 -~ 10.0
Rice ulls 2.50 Q.90 36.20 33.80 16.00 10.50
Rice bran 13.40 20.00 10.10 A7 9.3 8.50
Broken rice 7.50 1.10 7.00 88.00 5.00 1.40
Malze
Lenf 7.80 2.3%0 25.40 44,10 14.20 7.20
Cob 2.7 0.60 32.70 59.60 2,40 7.00
Husk 5.10 1.2 30.00 53.60 5.8 4,20

Stalk 6.10 1.60 3¥6.80 48.90 8.8
Sugarcane

Tops 6,80 2.10 34.00 40.80 6,10 10.50

Bagasse 2.8 0.80 46.40 3%.00 3.20 11.00

Pith 1,90 1.00 45.00 34.20 7.90 10.00

Filter mad 10.40 10,80 12.00 42,70 23.90 74.00

Molasses 4.20 0.00 0,00 87.20 8,60 26.00

Stillage (Wot basis) 16.60 0.20 0.60 60.90 21.80 93.40
Cassava

Tuber (chips) 1.55 2.45 2.87 80.69 1.38 12.88

Leaves 25.00 6.30 15.81 37.30 5,50 10.00

Pulp 1.80 0.20 5.00 65,00 18.00 10.00
0il Palm

Palm kernel coke 17.60 4.32 15,60 38.47 3.02 10,90

Sludge solids 10.20 16,80 11.40 40.10 11,30 10.60

Press fibre 4.00 21,00 36.40 29,60 9.00 13.80
Rubber

Seed (expellar) 28.00 11.50 33.90 35.50 4.50 6.60

Seed (solvent) 30.00 8.80 6.00 46.30 4,60 4.80

Kernel 18.00 52.30 1.90 25.20 -2.60 30.00
Coconut

il meal (solvent) :

(Ireq) 20,50 0.40 26.10 46.00 7.00 6.60

011 cake (expelier)

" (Malaysia)  20.00 11.70 8.3 52.80 5.90 11.20

Coconut water{Nigeria) 4.40 6.00 6.50 70.80 12,30 54,80

Oeir dust (Tanzania) 2,30 0.70 .20 55,20 7.60 12.90

- 178 -

9481



Table 5 Energy Values of Selected Fuels and Agricultural Residues

Fuel/Residue lggz;z:z:e K.cal/kg. K.c.al/tn3 Btu/1b.
Sugarcane bagasse 12% 3,860 - 7,821
Sugarcane bagasse 52% 2,220 - 4,000
Rice husk 10% 3,340 - 6,000
Rice husk charcoal 0 6,111 - 11,000
Palm oil fibre 302 1,512 - 2,700
Palm oil fibre 10Z 3,950 - 7,000
Palm kernel shell 62 1,960 - - 3,500
Palm empty bunch 60% 560 - 1,000
Coconut, husk ! - - - -
Coconut husk charcoal 6% - - -
Coconut shell 13% 4,010 - 7,560
Coconut shell charcoal 6% 7,860 - 14,148
Diesel No.l 0 10,878 - 19,580
Gasoline ' 0 11,267 - 20, 280
Fuel oil No.2 0 11,183 - 20,129
Coal 0 7,215 - -12,987
Ethynol 5% 9,269 - 16,684
Methane 0 13,243 846 23,837
Methynol 0 6,383 8,525 11,489
Biogas 0 - 5,517 -
Pyrolysis gas 0 - 4,450 -
Wood (soft) 107% 4,500 - 8,100
Coconut stem charcoal 0 9,600 - 17,280

(briquette)

9481
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Moisture content will have an important effect on the
resultant energy recovery and downstream use of rejected heat. However,
the effect of carbonization of charcoal results not only in a greater
energy value but eliminates the problem of air pollution 1f direct
firing of the drying systems is used.

Other reaidue energy values should also be evaluated 1if
they are to be considered as a fuel. Other factors such as collection,
supply consistency and value of condensate by-products (controlled

carbonation systems only) should also be taken into account.

Another source of energy which is normally neglected is
the rejected heat from a particular process system. Most low calorific
fuel boilers have until now been designed to consume as much of the
available fuel (bagasse or oil palm fibre) as possible because the
residue was a nuisance to discard. Hence these boilers were very low in
efficiency, with the result that about 50 per cent to 60 per cent of the
available energy is rejected. The rejected energy is in the form of flue
gases which in an induction fired boiler can reach 350-400°C with a
molsture load depending on the water content of the Input material,
Other sources of waste energy are in the form of rejected heat from

condenser cooling water or air depending on the design of the power
plant,

e. Form
Another important aspect of residues 1s their physical
form because form 1s related to the potential end-use of the reaidue.

The various forms of residues are given in table 6.

Liquid in table 6 is divided into liquids which contain
suspended solids, whether actual solids or immiscible droplets such as
those of oil, or colloidal solids and those without suspended solids.
It is often a desirable feature to fractionate the residue into appro-
priate sub-fractions with a more limited biochemical or chemical avail-

ability for ease In processing.

/A
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Table 6 Physical Forms of Residues

)} with suspended solids )
Liquid ) without suspended golids ) dilute, concentrated
Slurry
Soldd ) structured

) unstructured

With mineral/dirt contaminant

With toxic metal contamination

With organic toxin contamination

With biological/micro-organism contamination

Hot/ambient

) fermentable

High carbon ) non~fermentable

High N
High P

High special nutrient components

Righ inert fraction (silica/silt/clay)

9481
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A slurry, that is a solid and liquid mixture which can be
poured, 1s a very common form of residue but may be one of the most
difficult to process. A typical slurry is that of cow-dung, but others

may be high mineral slurries in the form of sludges from industrial
processing.

For solids there is a difference between them being
structured and unstructured. The structured solids may require commi-
nution or separation on the basis of particle size which may result in

the separation of the physical and chemical characteristics of the
components.,

In all these types of residue, there is the question of
the dilution factor. In liquids this dilution factor is usually water,
although it may be an oil. Similarly, with solids the dilution factor
might be due to inert matter such as sand, clay or other inert mineral
matter or it may be in the form of contamination such as bark and cork
particles, lignin components or other useful cellulosic residues. One‘
of the most important features which constrain the use of cellulosic

residue 1s the presence of silica in the material.

f.  Pollutant properties

With respect to liquid residues, their chemical and pollu-
tant properties are dealt with in another workshop paper (Thanh 1979).
The problems of contamination by dirt or solid plant particles and toxic
substances such as inorganic compounds (mercurial or arsenic salts and
cyanide) and organic compounds due to the presence of such material as
cyanogenic glucocides and toxin development during waste storage must be

taken into account so as to enable the correct process and usage to be
determined.

Having considered the quantities, forms and qualities of
the various types of residues associated with the sampled crops, it is
now appropriate to discuss the potential end-uses from an economic

standpoint.

/1v.
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IV END USES

From the residues of the crops sampled in this paper there are
& multitude of possibilities as to how they may be utilized as has been
amply reported by Bhushan (1977), Stanton (1977), Stout and Loudon
(1977), Baret (1977) and Muller (1978) to name a few cources. Consider-
able research, both private and government supported, has been and is
being carried out to investigate the technology and development of new
processes to convert and utilize all forms of residues which may or may
not be of a pollutant nature. There also exists practices, which may be
traditional or have been adopted for many eyars, that efficiently
utilize residues thus producing an economic by-product which may be
saleable or complementary to the production of the main product.

The possibilities reported previously, in many cases, do not
take into account the stage of development the technology is at, its
origin and the economic and social consequences of adopting such tech-
nology. It should be ntoed that practices suitable for temperate cli-
mates and temperate climate crops and suitable for highly sophisticated
fully developed countries are probably not suitable for the underdeve~

loped countries of the Asian and Pacific region.

The approach of this paper is to identify potentially economic
and gocially acceptable practices for crop residues which are suitable
for this region. A principle objective of the paper is to identify and
promote the economic utilization of residues in order to minimize or
eliminate a potentially pollutant waste which is, or will become a
hazard to the environment. Such an approach will enable the cost of
pollution control to be partially covered by use of the residue or even
increase the industry's profits if the by-product 1s a valuable one.

As a basic assumption, the main end-use product must be firstly
identified for each particular crop in order to determine what materials
are residues that may be converted ifnto saleable by-products. Table 7
gives a proposed assessment of the main products from the seven crops

concerned.

/Table 7
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Table 7 Main Products Derived From Seven Agricultural Crops

Crop Product
Rice White rice
Maize Maize grain
Sugarcane Raw sugar
Cassava Chips/pellets

starch

glucose

alcohol
Coconut Copra

coconut odl
dessicated coconut

011 palm Crude o1l
palm kernel

Rubber Drived rubber
liquid latex

It must be emphasized that in some cases further downstream
development such as has occurred with oil palm in Malaysia, coconut in
the Philippines, and sugar in Thailand and the Philippines, has resulted
in additional end-products, but that these are not considered here.

It is proposed that all types of residues be considered as
potential end-uses under six categories namely, energy good and animal
feed, fertilizer, construction paper and handicrafts, chemicals, and
water, Within each category the potential of a residue for an end-use
will be classified on a time base as !

(a) currently in use

(b) immediate potential
(c) mid-term potential
(d) future possibilities

/Before
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Before evaluating the potential end-uses of various agricultural
industries, a brief description of the existing industries and their
processes should be considered. For this purpose the following flow
charts (figures 1 to 12) 1llustrate the existing processes and, in the
case of coconut and sugarcane, the potential end-products that can be
derived from these raw materials. These figures will be referred to in
the discussion on the various categories of end-uses and the importance
of each product in relation to its possibilities within this region,

a. Energy: The potential of residues as_an energy source

With the current trends in the very volatile cost and
supply of fossil fuels which has beset the world since 1973, there
has been in many countries, and particularly those lacking an abundant
supply of petroleum resources, an ever—groﬁing awvareness of the need to
consider energy conservation. This has resulted in a change to alterna-
tive renewable resource fuels even when they are of a lower Net Calori-
fic Value (N.C.V.,). With the dramatic increase in expenditure on
imported energy due to spiralling oil price hikes, many countries in
this region such as Pakistan, Thailand and the Philippines are facing a
large strain on foreign exchange, increased inflation and possible lower

standards of living.

In the existing agricultural industries associated with
these seven crops, there is a significant potential for the use of
residues as an energy source, which can be utilized directly within the

industry, in an annexed process plant, or in a nearby secondary industry.

(1) Current uses

(a) There are a number of examples of agricultural
residues being used as an energy source which have been established for
almost 80 years (as 1is the case for sugarcane) or 60 years (as is the
cage of oll palm processing). Both sugarcane and oil palm processes are
self-energizing and due to the large quantities of resources available,
relatively inefficient boilers and process systems have been used so as

to avold surplus waste residues and to avoid higher capital costs.

/Sutanto
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Figure 2 TYPICAL MATERIAL BALANCE FOR AN
ALFA-LAVAL MANIDC STARCH PLANT

3350 kg H,0
1TON OF FREsH ROOTS| 5850kg a0 RAW
350kg DM WATER
2500kg
650kp H,0
H 2200kg
WASHING, PEELING
;——| I 310 kg DM 502
PEELINGS 750k H,0 LIS
40kgDM | RASPING §
B0 kg H,0 | 310 kg DM 3500 kg | 3280k
1 | 2850kg Hy0 | -
USED WASH WATER | EXTRACTION 1200 kg
5670 kg 310kg DM »
6450kg H,0 | [ 1200«
— 256 kg IM 07
| 4B20kg Hp0
T Lo
g
1830kg Hy0 REFINING LLERR
§ 20ka IM 1200 &
| FRUIT WATER gm:«g H,0 :
35kg oM {,‘,21% Bg)
4450k Ho0
‘ FROM 2:nd SEP. || ZZ0kgIM
| 2200 kg Hy0 150 kg Hy0
' PRESS WATER DRYNG

220 kg DM

n0kg | 220kg H,0

EVAP. WATER

Source: ~ Altalaval Technical Bubfetin
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Figu?‘e # RAW AND REFINED SUGAR MANUFACTURE FLOW DIAGRAM

RAW-SUGAR PLANT

SUGAR CANE
MILLING

CANE JUTCE et — == — — — - RagAssy | (1) BAGASSE-FUEL FOR BOTLERS
LIMING |
HEATING |
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- 189 -



(v964) Saiog

:dxdnas

171 .
LQN%&%% P u013D43UIIUT
«P333 330 e Burfuq hvadg FHuoriviodoa3— usom 1uads 3hyss
PO ~—{womaiy1a75]
mwmum.wwwm Alll@.guammxmmumm%b 29sn4 &SZ& ME paags !T&EE&P&
370
mumMMww Tl.*enwuuud,.tmumwj
0y033Y ‘
3Injosqy .TA_,:S D331351d 91d0.43032y
P13y 71383y z TJ|,F| u0130331351] L0130 U124
T aningg = 1o1310P1¥X) ] [ $3SSYI0W
2DB83UIA | u013D3141330Y
v0179D44
muwwww%mwvm ..muuumx s59 ¥g) SIUIILINN
hiia U0110321153p2 _I ,
pafifiay [ A2y Y
P30 —{uonvzansipay —
39T Fap b mﬁamﬁzw NWQ U120y anb1 10130914 14N - U01553.10w0)
209 pinb1 |«

$533049 304027y 36433 Jo 34DY) MO7S
§ 3¥nals



(4961 ) saapg :3314mo$

$S3J04g JOUDING 3ULIITY JO J4DYJ MOQ { |
9 3¥N9Id

JITADSI3_ burfug houds\—{uorzpsodoag }— ysom quads zhng 108 Paas
- aIm390Y
1407]D914143753
2h3mg10 UDI3D371ISID3Y
103y fngle— U011DI1143353
e [uorgonay s0umng 307
24023y w&.u:m 139044 F0uDING 8P uJ
uD130D44 uD11D371352(] L0 DFURMILS § petmrmr—em—o
3242S L. [up1m37735109 2JDP1 A ALR A :
pa103Fyla 2130331351p3Y dPPIN SISSYI0W
20779044
dupjaoy [=—{u013032235103Y [ u01370 wm n) SJuILLINN
. —. aum yb| fampap i)
15539 T
o1 hag DUD mﬁ.ﬁéz 5 U017DUNTIIDL4 YIIDG L U027 D40dag SD9
0y pimbur[= [ Gmom |
u01 3903017 b—{ w0170 14 Ny LA UO1SSALdUI0) | 200 3PN4)

uabouphy apniy

- 191



Figur

Chemical

Sugarcane

Milling

Dilute Juice

Clarification

Filtration

!

Concentration

Seed vat

e 7 Ethanol From Sugarcane Process Flow Chart

Bagasse

Fllter Mud

Sugarcane Syruy|

p

l

i

Prefermentation

Fermentation

————— S

Cooling Water

Distillation

—-——-——*

Stillage

|

Alkchol

- 192 -




9481

100 kg fruit (£.£.b.) 011 and
kernel

Produce Waste

() lows(kp)
STERILISER evaporation 10.0
I ' E oil loss 0.03
89.97 kg
STRIPPER empty bunches 25.0
oil loss 0.33
64.6'6 kg
. PRESSES
CLARIFICATION water 1.4
non-o0ily solids 1.1
oil loss 0.10
oil 21.0
31.04 kg
CAKE-BREAK CONVEYOR
AND DEPERICARPER evaporation 4.0
oil loss 0.93
fibre etc. 6.2
19.83 kg kernel logs 0.08
KERNELLPLANT evaporation 0.2
ofl loss 0.08
kerel loss 0.20
shell etc. 15.8
karnel 3.5%

24,55 73,70 1.75

Yigure 8 Palm 0i{1 Mil) Process Flow Chart

Source: Turner (1974)
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Source: Thanh (1979)
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Sutanto (1979) has estimated that the Net Heating Value (N.H.V.) avail-
able from pfocessing 100 tons of o011l palm fresh fruit bunch (ffb) and
100 tons of sugarcane is 1,18 mill. RKcal (2.1 mill. Btu.). As both
industries require 455 kg (1,000 1b,) of steam to process 1 con of f£fb or
1 ton of cane there is a surplus of 1,300 kW electricity for every 100
tons of ffb or cane processed. Based on this data, if all the solid
wastes in oil palm millc in Malaysia were to be converted into electri-
city, a total of 0.75 million K.V.A. surplug electricity would be
available.

(b) The coconut industry throughout the region gener-
ally uses husk and shell as a fuel source for copra drying. Work in the
Philippines has attempted to improve the quality of copra and supply
domestic fuel to villagers by promoting the production of charcoal from
shell and husk.

While the pit method has been established for a
conglderable time, newer and more efficient techniques are now available
as reported by Tamalong (1978) and more recently Estudillo (1976).

{(¢) Rice huske are currently used in Pakistan for
firing brick kilns due to the lack of sufficlent timber for this purpose.
In the Philippines (Mindanao) there is a 25-ton per hour capacity rice
dryer and milling complex (25-ton wmilled rice/hr) which has been using
huske to operate a 1,800 kW electrical generating plant which produces
412,000 kwh per month, The adjacent town is supplied with an electrical
surplus of 60,000 kwh per month which results in revenue of about US$
2,000 per month.

In Thailand, another example of husks being used
as an energy source is in the firing of a locally made boiler and piston
steam engines in rice mills. The husks are only partially combusted to
ensure an adequate furnace temperature. An entire rice mill can be
powered by husks and there is enough surplus emergy, if the 100-tom a
day capacity of a mill is fully utilized, to operate a par boiling plant.
The requirement for such a mill is 12 tons of husks per day.

/Before

LAl
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Before the recent development of kerosene and
butane gas as a fuel for domestic use in rural areas, farmers in the
Republic of Korea used rice husks as a cooking fuel. Since then this
activity has been discontinued, which has resulted in an increasing
problem about the disposal of surplus husks,

(11) Immediate potential uses

With the current energy crisis, there are a number of

countries that are interested in quickly developing alternative energy
sources, In particular, the Philippines and Thailand have embarked on a
programme of a substantial scale to produce substitutes for petroleum

imports from agricultural sources.

(a) Ethanol as a fuel
For many decades ethanol in the form of potable

alcohol has been produced as a downstream product from the utilization

of high sugar content raw materials such as molasses which is a residue
in the process of producing sugar from sugarcane or sugarbeet. Recently
attention has been given to the production of industrial grade alecohol
from molasses as a source or raw material supply to the cosmetics, phar-
maceutical, plastics and textile industries. During the past seven years,
Brazil has been developing an ethanol industry based on molasses, sugar-
cane and caasava as a source of automative fuel to decrease her massive
petroleum imports. Initially Brazil has developed some 218 Qlcohol plants
which can produce sufficient fuel to substitute up to 20 per cent of the
gasoline requirements in its transportation system in 1980. There are

123 annex type plants {distilleries attached to a raw sugar factory) and
95 autonomous type plants in production or under construction where sugar-
cane or cassava is the raw material input and alcohol the only output

product.

In these plants and those proposed in the
Philippines and Thailand, not all of the end-product potentials will be
produced as shown in figure 5. The only output will be coz, industrial
ethanol (95 per cent ethanol), stillage (spent wash), and cooling water.

/While
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While McCann (1978) predicts that stillage and
other wagt® such as peelings and tops of cassava could provide more
than sufficient energy for process requirements through a bio-gas gener—
ator (see figure 3), there is only one reported instance of such a
gystem being used in commercial practice. Hence, this technology needs
further evaluastion and development before it can be fully adopted. In
the case of cassava and even sugarcane, this development is of vital
importance in the energy economice of ethanol production. It will en-
able a greater degree of integration of ethanol production both from
molasses sugarcane and upon diversification, through the addition of
cassava as a raw material. Normally, as shown in Case A in figure 13,
all of the bagasse (13 per cent fibre) is needed to reach thermal
balance in a raw sugar-mill (4,000 t/d). By modifying the boiling house
as shown in Case B, there 1s a bagasse surplus of 43 per cent which is
available for additional distillery requirements.

In the Philippines, the approach to adopting the
Brazillian model has evolved a very objective policy which aims at an
even more efficient utilization of available energy from the available
plant residues, This design proposes to take into account the existing
and potentially availsble surplus energy generated in a sugarcane factory.
Therefore, it is proposed to set up & twin line ethanol factory in which
75 per cent of the production will be from sugarcane and 25 per cent from
cassava, This approach takes advantage of the higher recovery rate from
cassava and provides the necessary energy available from the sugarcane
without sacrificing the energy balance, Table 8 gives the comparative
recovery rate of ethanol for various raw materials.

/Figure 13.
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Table 8 Ethanol Production Ratios

Litres/ton Percentage
Crop/residue raw material Recovery (approx)
Molasses 270.0 24,5
Sugarcane 88.0 7.9
Cassava 180.0 16.2
Sorghum 88.0 7,9

When considering the conversion of plant mate-
rials such as cassava into ethanol, there is an additional prepara tion
process prior to fermentation, the first stage in processing molasses to
ethanol. After the standard preparation and disintegration of the tubers,
the slurry is adjusted for pH by the addition of sulphuric or hydrochlo-
ric acid. The slurry then undergoes an acid hydrolysis to reduce the
starch and cellulose to fermentable sugars. The alternative, and much
more efficient method of saccarification (hydrolysis), is the enzymatic
system using a 'cellulosea' to reduce the cabohydrates to glucose.
However, unless it is possible to obtain a cheap source of enzymes, the

acid hydrolysis technique is preferred.

It should be noted that with the adoption of an
alcohol fuel programme, a second generation pollution problem will occur
with the diacharge of stillage and perhaps through the handling of large
volumes of cooling water.

Moreover, it is essential to conserve water
through recycling it as a raw material input especially where water is in
short supply. Finally, stillage should be further used through a bio-gas
generator (a future development) to provide blo-gas as an energy source
for the distillery particulatly as the cost of petroleum fuels is becom-

ing prohibitive and uncertain in 'supply.

JWith
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With the current and possible future price of
gasoline, the 'alcogas' or 'gaschol' projects, whether of the amnex or
autonomous types, are and will be one of the major development thrusts in
utilizing residues of energy potential in this region. For further infor-
mation on industrial and fuli alcohols reference should be made to Alcohol
Fuels (1978) and Molasses and Industrial Alcchol (1976).

Table 9 shows the general characteristics of
energy crops which could be a renewable resource for fuel alcohol produc—

tion.

/Table 9
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(b) Charcoal, producer gas and condensates

While charcoal production is a very old indus-
try in many parts of the world, there has been developments in recent
years to design and build kilns which are efficient in converting ligno~
cellulosic residues into good quality charcoal and possibly recovering
the by-products of distillation.

Modern kilns have better control of combustion
and therefore result in higher recovery rates, viz., the Beehive Kiln,
This kiln type (with reserve draft) as described by Estudillo (1976),
yields 27 per cent charcoal from tree trunks in 20-24 hours. Alsc Char=-
coal Industries (Conway, South Carolina) has successfully developed a
method of continuously carbonizing sawdust. This is followed by the
agglutination (briquetting) of the finally produced charcoal which in
this condition is a valuable heat source. Potentially this concept can
be used to convert sawdust from a coconut stem or rubber tree timber
industry into a useful energy source. Also it is possible that such
technology could utilize the dust residue from the coir industry in the
Philippines, as proposed by Forest Products Development Commission
(FORPRIDECOM) . This action would be of significant value in eliminating
a very important source of pollutant material which 1is currently of
great concern as it is causing a major problem in the rivers and streams
into which colr dust 1s washed.

Farl (1975) has evaluated the value of tropica
woods as a source of charcoal and their condensates as a source of

potential renewable resource emergy, The potential production of such
fuel is given in table 10.

It is possible that, provided sufficient quanti-
ties of residue timber of both coconuts and rubber are available, a
capital intensive processing plant capable of conversion of these
materials would be a viable proposition. Earl predicted in 1975 that
the equivalent cost of producing charcoal as a fuel for industrial pur-

poses would be less than that of the current cost of petroleum fuels.

/Table 10



Table 10 Specific gravity and yield of woods from a few selected trees

Specific
Species Gravity Country Remarks
(air-dry)

Alnus rubra 0.46 U.S.A, Yields of 43 tonnes
/ha/year in Canada.
Possible use in
energy plantations.

Eucalyptus saligna 0.70 [E. Africa Yields of 40-50 tonnes

S. Africa /ha/year widespread
plantations,

Picea sitchensis 0.46 U.X. Yields of 12 tonnes
/ha/year widespread
plantations.

Maesopsis eminii 0.54 Uganda Yields of 15 tonner

/ha/year widely
planted

Specific gravity of some common fuels

Fuel

Specific gravity

Coal (bituminous)
011 (fuel)
Paraffin
Charcoal

1.1
0.9
0.8
0.4

Source: Earl (1974)

Constraints such as consistent supplies and collection problems have

probably deterred adoption of such technology.

Such fuels would, however,

be of Interest only to processing industries which were not self-energi-

zing, such as animal feed, cassava ethanol, rubber, rice drying and auto-

nomous distillation plants.

This application would require an extensive

economic evaluation Into the over-—all situation regarding opportunity

costs Iin each case.

- 207 -
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(1i1) Mid-term possibilities

In this category we are looking at those technolo-
gies which are at or near the pilot stage of development. It should be
mentioned that there appearas to be a very slim line of distinction
tetween this and the previous category.

(a) Pyrolytic conversion

Pyrolytic technology for the conversion of agri-
cultural wastes to energy sources such as char, fuel oil and gas has
been developed by the Georgis Institute of Technology (U.S.A.). During
the past five years, applied research programmes have been carried out
in the Philippines and Indonesia using sawdust, rice husk, coconut shell,
coconut husk and sugarcane bagasse. A feasibility study was drawn up in

1976 and an aid development project for Indonesia launched in 1978,

Pyrolytic conversion processes relatively dry,
cellulosic agricultural waste, such as sawdust, rice husks, coconut
shell and husks and bagasse, into char, fuel oil and gas, using a simple
converter, A small locally-made converter, costing about US$ 1,000 to
US$ 2,500 is estimated to give a financial return of between 15 to 20
per cent per year, The converter uses rice husks as an input, a waste

material found at more than 30,000 rural rice mils in Indonesia.

Pyrolysis, or destructive distillation, 1s the
thermal degradation of a ligno—cellulosic material into simpler
compounds, and its basic principal (charcoal making) has been known for
centuries. The useful products of pyrolysis are a char, an oil, and a
mix of gases. In rural areas, a pyrolysis process that predominantly
generates a gas, is normally of little interest because of the problem
of transporting this bulky, low energy product to a potential user, un-
leass there is an onsite use (drying). The char and oil, on the other
hand, represent dense, high energy fuels which are storable and readily
and economically transportable. Thus, a pyrolysis converter designed to
makimize char and o0il production is moet desirable for converting agri-
cultural wastes to useful energy forms or to other useful products such
‘as charcoal filters, activated carbon, rubber processing additives,

carbon elements, etc.

/The
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The relative amounts of char, oil and gas pro~
duced by any pyrolytic conversion process are primarily controlled by
three varisbles. That is, (a) the residence time of the feed in the
pyrolytic reactor, (b) the temperature in the pyrolytic reactor and
(c) the pressure in the pyrolytic reactor. '

Most of the technically successful pyrolysis systems developed to date
have involved moderate residence times and ambient preassure. Low temper-
ature pyrolysis conversion favours char and oil production, while high

temperature pyrolysis conversion favours oil and gas production.

A low temperature pyrolysis conversion, because
it maximizes char and oil production; is best suited for various kinds
of agricultural residues. Conveniently, low temperature pyrolysis con-
version typically requires readily available materials and relatively
timple technology. It is thus more rugged and can be more. simply main-
tained than high temperature systems, & special advantage in developing

countries.

Because the pyrolytic converter must operate in
areas remote from outside sources of power, the system must be self-
sustaining. One simple, well understood, technically developed way to
accomplish this is to provide the heat necessary to maintain the reaction
rates at attractive levels through partial oxidation of a fraction of
the produced char, A steady-flow, vertical, porous-bed, reactor design
is mechanically and technically the simplest means to achieve this.

In order to use energy from wastes, especlally
in homes, some changes in habit might be necessary and the development
of auxiliary equipment (such as cooking stoves and lamps) that can burn
the pyrolytic oils must be made. Also, appropriate equipment to convert

the char to convenient "ghércoal briquettes” may be needed.

A recommended design of a pyrolytic converter
is shown in figure 14 which is suitable for a typical village size rice
mill or could be used as a mobile unit for coconut timber mills.

/Figure 14
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(b) Bio-gas
Bio-gas commonly referred to as 'Marsh gas'’

'Gobar gas' or in technical terms methane (CH4) has long been a focal
point for developers and followers of ancient practices. This topic
has been well documented and its use at the village level is discussed
in depth by Srinivasan (1977), Bhushan (1977), Muller (1975). It also
has been the subject of special technical bulletins such as "Gobar Gas"
published by the Appropriate Technology Development Organization of
Pakistan. This publication describes a simple village level type gas
generator for the conversion of animal and human wastes into a high
quality energy supply. The generator alsc improves the quality of the
discharge slurry in texrms of nitrogen content thus increasing its fer-
tilizer value. Figure 15 gives one example of a simple bio~gas genera-

tor designed for village use.

In the content of this paper, consideration
mugt be given to bilo-gas generators as a means of dealing with organic
affluents, such as discharges from palm 0il mills and ethanol
factories. With regard to such residues Stout (1977) has defined anae~
robic digestion techniques as a 'wet' process of converting organic
wastes into a fuel and recognizes the need to match the type of system
to the particular effluent concerned. Figure 16 shows the altermative

processes for producing liquid or gasseous fuels from organic materials.

Recently Sime-Darby iIn Malaysia developed a
commercial scale pilot plant to anaerobically digest palm oil mill
sludge and produce blo-gas (a mixture of methane and carbon dioxide at
about a 65/35 ratio). This plant is similar to the system i1llustrated
in figure 17, except that the sludge holding system is replaced by a
further aerobic or activated sludge treatment system which would further

reduce the mixtures, BOD content.

The outline of a bilo-gas system suitable for
generating methane from palm oil effluent or stillage {(ethanol plant
:ffluent) 1s shown in figure 17. The provision of a heat exchanger is
necegsary to enable critical control of the bio-gas generator's temper~
ature. If the system is mesophyllic, the optimum environment tempera-
ture 1s 35°C while for thermophyllic organisms it is 54°c.

/Figure 15
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The Sime Darby pilot plant is designed to be
thermophyllic at 60°C so as to reduce the residence time to approximate-
ly 8 days. The results obtained so far (see table 11) are very encour-
aging and indicate that this energy source could be a :ubatituté for the
present solid fuel {pericarp fibre), or could support an integrated

second industry, such as a rubber processing plant.

Table 11 Methane Production from Palm 01l Sludge (P.0.S.)

3

a) 1 ton Palm 0il Sludge (947 H20> produces 27,83 m CH&.

b) 27.83 m> of GH, @ 5,887 Keal per m° is equivalent to 163,885
Kcal/ton P.0.S.

c) 1 ton fresh fruit bunch produces 9.55 tons P.0.X.

d) Malaysia produces 10.2 million ton ffb per year.

e) Therefore annual production of P.0.S. 1is 5,750,000 tons.,

f) 5,750,000 tons P,0.S. produce 16 x 107 > methane,

g) 1 kg fuel oil @ 11,183 Keal/kg = 1.90 m3 methane.

h) Therefore 1 ton P.0.8., fuel oil equivélent is 14.65 kg fuel oil.

1) 5,750,000 tons P.0.S. produce the energy equivalent to 84,222

tons of fuel oil.

3) At US$ 170/- per ton of fuel o0il, the potential fuel value of
methane from P,0.S. per year in Malaysia is US$ 14,318 million.

For the utilization of methane (65 per cent CH,
and 35 per cent COZ)' it will be necessary to modify the boilers in the
case of palm oil mills and install the correct type of burners suitable
for bio-gas. Where petroleum fired package type bollers are currently

in use, they will have to be replaced with the correct design of boiler.
Other applications of the use of methane would be to fire rubber driers,

power gas engines to generate electricity, and provide energy for drying

J/animal



animal feed in processing plants. It 18 necessary to utilize methane at
its site of production due to its incompressability and the fact that it
cannot be liquified, thereby making it easily transported like butane.

For both palm oil sludge and the stillages from
ethanol plants using molasses, sugarcane or cassava, it 1s necessary to
carry out adaptation trials to determine the correct environment for
bio-gas generation so as to maximize CH4 production at an economical

cost.,

{iv) FPuture development

There is a need to continue investigations into
methods of improving the carbonization of ligno—-cellulosic reeidues into
charcoal, char oil and gases. Work hould also be done on the recovery
of other distillates from ligno-cellulosic carbonization as has been
shown possible by Earl (1975), as presented in table 12.

Table 12 Average Products Available from Tropical Woods

Yields per 1,000 kilograms of dry wood

Charcoal 300 kg
Gas (calorific value approximately 2,500 Kcal/na) 140 m3
Methyl alcoho; 14 litres
Acetic acid 53 1litres
Esters (mainly methyl acetate and ethyl formate) 8 1litres
Acetone , 3 1litres
Wood oil and light tar 76 1litres
Creosote oil 12 1litres
Pitch A 30 kg

Source ¢ Earl (1975)

Finally, work is necessary to improve the pyro-
lytic conversion system for rice husk, coconut husk, coconut shell,
coconut stem, rubber timber, bagasse, palm kernel shell and fibre and

other suitable raw materials.

/Sutanto
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Sutanto (1979) has suggested a further develop-
ment programme which aims at improving the recovery of energy from palm
oil mills by carbonizing the kernel shell as shown in figure 18. The
conversion of empty bunches into briquettes can serve as a source of
energy for firing a steam boiler which would drive a turbo altermator
for eélectrical supply and provide low pressure steam for further use in
processing various crops. Figure 19 shows the proposed arrangement for
such an installation. Coupled with these developments, there is also
great scope for improving the efficiency of energy utilization in both
palm o0il and sugarcane factories. If these developments can be achieved
then there will be a considerable quantity of low cost energy available
for downstream processing. It would also serve as a cheap energy source
for the integration of other processing induastries thus diversifying the
industyy's operation. An additional spin off would also be the availa-
bility of cheap electiicity for domestic and secondary commercial
purposes, thus lessening the Impact of inflation, particularly to rural

areas.

/Figure 18
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Figure 18 Gas Beower Scheme {for Charcoal [ Activated -C Manufacture
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Figure 20 General Process and Wastewater Flow
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a. Food and Animal Feed as an End Use

(1) Current Uses

Both human and animal food has been derived from crops
and agro-industrisl residues for many centuries, such as the production
of mushrooms from rice straw and the manufacture of potable alcohol and
sugary syrups from molasses. Where animals are concerned in Pakistan,
India, Indonesia, and to a lesser extent in the Philippines, Thailand and
Malaysia the traditiomal practice has been to feed such animals on crop
residues such as rice straw, maize stalks and cobs, sugarcane tops and
cassava leaves (swine production only). In Pakistan it is estimated
that 10% of the sugarcane production is used as cattle feed for draft
and milk animals. Table 13 presents the most recent statistics available
on the relative importance of the various categories of animal for the
ASEAN'countries. It therefore indicates the potential animal feed market
in these countries.

There has been extensive development of the usé of
residues of rice, maize, sugarcane; coconut and oil palm over the past
two decades. The by-products in current use has been well documented
throughout the agricultural world, and can be sumarised for the above
five crops as follows (taken from Bol Gohl, 1975; Devendra, 1978;
Hutagalung, 1978) :-

Rice Bran

Rice bran is the most important of the by-products
of rice and 1a a good source of B-vitamins and 1s
fairly palatable to farm animals. The bran fraction
contains from 14 to 18 per cent oil. The oil can be
extracted and the defatted bran is stable with respect
to rancidity, which is a problem in the storage of
unextracted rice bran. The rancidity is caused by a
lipolytic enzyme present in the bran that becomes
active when bran is separated from the rice, causing
the free fatty acid content of the oil in the bran
to increase rapidly. The free fatty acid content of
bran from parboiled rice is below 3 per cent. Apart

Jfrom
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from extracting the oil, the rancidity process can be
delayed by heating or drying immediately after milling.
Heating to 100°C for 4 or 5 minutes with live steam is
sufficient to retard the development of fyree fatty
acids. The rice bran can also be heated dry 1f spread
out on trays at 200°C for 10 minutes. Alternatively,
the moisture content can be reduced to below 4 per
cent with the same effect. Most chemical inhibitore
are ineffective. The o1l has a marked softening
effect on the body fat and on the butter fat of milk.
Provided attention is given to the oil content, rice
rice brans is a valuable feed for all classes of
livestock. The maximum amount that is advisable to
include in cattle feeds is about 40 per cent of the
total ration. For pigs, rice bran should not exceed
30 to 40 per cent of the total ration to avoid soft
pork. In the final weeks of fattening lowqr levels

of rice bran must be used, Up to 25 per cent can be
included in rations for poultry and double that amount

has successfully been used in experiments.

Rice polishings

The storage problems for rice bran appliees also to
pblishinga. Polishings have a wider use than rice
bran because of their lower fibre content and can be
used in poultry and pig rations. They should be
included only in small amounts for piglets as other-
wise they may cause scours, As with rice bran,
polishings should be limited during the final weeks
of the fattening period to avold oily carcasses. Up
to 5 kg per day have been used for dairy cows without

any harmful effects or changes in production.

/Rice mill Feed
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Rice mill feed
This i3 a mixture of all the by~products obtained in

the milling of rice. It contains approximately 60
per cent hulls, 35 per cent bran and 5 per cent
polishings. The sffal obtained from one~stage mills
is of similar composition and is often erroneously
called rice bran. Production of rice mill feed in
multi-stage mills i1s somewhat cheaper than producing
the ingredients separately. The suitablility of rice
mill feed in animal feeds has been well established.
In countries where the use of rice hulls as animal
feed i legally allowed, up to 75 per cent of the hay
can be replaced by rice mill feed with good results.

Malze-and-cob meal (ground ear-maized)

This is the entire maize ear, including the cobs
which form about 20 per cent of the weight., If the
entire maize ear including the husks is ground, the
product is called ground snapped maize. Maize-and-
cob meal is valusble for fully grown ruminants and
there is practically no difference in performance of
feedlot animals receiving maize. Maize-on-cob meal
is usually preferred to shelled maize as it is less
likely to form a doughy mass in the stomach. Its
higher fibre content restricts the use of maize and
cob meal in diets for poultry. Pigs can tolerate 20
to 25 per cent in the diet depending on the age. The
meal should be well dried as otherwise it is likely

to get mouldy in a hot climate.

Maize gluten meal

The amino-acid composition of this by-product is
unbalanced but maize gluten meal gives good results

in pigs and poultry when mixed with soyabean meal or
meatmeal. It is not very palatable and is mostly used

for cattle.

/Maize



Maize germ oil meal

This product is a valuable feed for all farm animals
except pigs. Meal with a high content of fat is
likely to cause soft backfat when fed in large quan-
tities. It should not be used as the only source of
protein for poultry. Maximum recommended amounts for
cattle are 2 kg per day and 0.5 kg per day for pigs.

Coconut

The residue obtained from copra processing is known
as coconut (o01l) meal (or cake) copra meal or poonac.
Depending on the milling equipment the product is
marketed in various grades with oil residue ranging
from 1 to 22 per cent. Hydraulic press residue in
usually marketed in flat round cakes but the other
grades are marketed in dark coloured lumps. The
product sold es sediment meal however, is quite
distinct, and is actually a product recovered from

the filter pads of the oil straining presses. Om the
average, 1,000 nuts will produce about 180 kg of
copra. Processing of this copra yields about 110 kg
oll and 55 kg meal, the remainder being evaporated
moisture and unavoidable losses. The fibrous coat
(husk) has no feeding value., The dust from processing
the husks into fibre (coir dust) has been suggested as
a carrier for molasses.

Coconut meal

When feeding coconut cake or meal it is important that
it is not old and has thus become rancid as this will
cause diarrhoea. As it swells considerably in water
it should preferably be moistened before being fed in
large amounts. Coconut meal should be introduced
slowly into the ration, to acquire a liking by animals.

/1t
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It has an effect on the butterfat of the milk which
tends to be hard and to get a pleasant flavour. The
maximum amount to be fed safely to dairy cows 1s
between 1.5 to 2 kg daily. Larger quantities may
result in tallowy butter. Beef cattle can consume
much more without having carcass quality impaired.
Coconut meal is rather rich in fibre and this
restricts its inclusion in pig diets. Depending on
the other ingredients up to 25 per cent may be
included in the diet of pigs. In areas where coconut
meal is abundant and if one 18 prepared to accept a
lower efficiency of feed conversion, up to 50 per

cent can be included. It produces a firm fat in pigs.

Coconut meal is used very little in poultry retions
because of difficulties in formulating a ration
balanced with respect to amino-acids and sufficient-
ly low in fibre and high in energy. The amino-acids
lydine creates special problems as much of this is
apparently destroyed in screw-press meal. Rations
for poultry with up to 40 per cent coconut meal have
however been formulated and tested, In these the
energy content is increased by the addition of coconut
0il and the amino-acids balanced by addition of
methionsine and lysine, or fish meal. Mouldy copra
produces coconut meal unsuitable for inclusion in

poultry diets.

Paring meal
Paring meal represents the outside of the shelled

coconut which is trimmed off in the preparation of
shredded coconut for human consumption. It has a
protein of higher bilological value than coconut meal

as 1t iz not heat processed.

/011 palm
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0il palm
Utilization: Palm kernel cake, even with a compara-

tively high oil content, is dry and gritty and is not
readily accepted by all types of stock.

Solvent-extracted meal 1s unpalatable and therefore
has to be mixed with well-like feeds, like molasses,
and fed in gradually increasing proportions. It is,
however, a safe and wholesome material and if reason-
able care is tsken in the arrangement of the feeding

it is eaten readily.,

It is largely used for feeding cattle and it tends to
produce a firm butter when fed to dairy cattle, It
has been found satisfactory to give up to 2 or 3 kg
per day to adult cattle,

Good results have been obtained from ratione fed to
pigs using up to 20 to 30 per cent palm kernel meal.
Scouring usually results when higher proportiéns are
used although other claims have been made where

final pig fattening rations of 62.4 per cent palm
kernel meal, 35.1 per cent maize and 2.5 per cent
blood meal gave average weekly increase of 4.5 kg per
pig. Young pige do not always take to it and it must
always be introduced in pig feeding very gradually.
Palm kernel cake or meal tends to produce firm pork

of good quality.

Sugarcane
Sugarcane can be used in a variety of ways in animal

feeding; it can be grown for forage; the cane-julce
can be used in the form of invert molasses, the
leaves can be used for fodder, and the bagasse or the
fine portion of the bagasse can be used as a roughage

or as 8 carrier for molasses. Sugarcane tops 1s an

/important
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important feed in many sugarcane growing countries,
the sugar itself is used in livestock feeds when the
price\is low. All types of molasses are used in
livestock feeding or as a substrate for the production
of fodder yeast, single cell protein and monosodium

glutemate.

Bagasse
An average of 60 per cent of the bagasse produced is

used as a fuel in sugar mills. There are two types of
bagasse; (1) fine, strong and flexible fibre that is
suitable for manufacture into high grade pulp and
paper, and (11) short fibres or pithy material that
ylelds little or no chemical pulp in paper making and
will give undesirable properties to paper made from
bagasse 1if not removed. Both types contain about 20
pér cent lignin, The easiest method to separate the
two fractions is to dry the bagasse and then pass it
through a hammermill which loosene the pith clinging
to the bagasse fibres. The material 1is then passed
over a classifying screen or passed under suction fans
which removes the pith. The finer portion is referred
to as pith, bagacillo, pulp, or bagasse fines, Most
studies on bagasse as a feedstuff have shown that in
young ruminants it takes more energy to digest than 1is
obtained from the bagasse by the animals. The dry
matter digestibility is about 25 per cent but there is
a marked variability between indiciduals in the digest-
ion of bagasse. It contains 20 to 25 per cent total
digestible nutriants. Where there 18 a shortage of

forage, bagasse, however, may be of value.

In many such areas rations containing high proportions
of concentrate feeds are used for beef cattle, while

such rations cannot be used for dairy cows as the

Jration
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ration fer a cow should contain not less than 14 per
cent fibre on a dry matter basis. For this purpose
coarsely ground bagasse has been used at levels

between 10 and 20 per cent of the ration to maintain

the digestive system in good working order.

Bagasse pith has been used in proportions of up to
27.5 per cent in the ration for beef cattle before
production decreased markedly. Mixing the bagasse
with blackstrap molasses will improve the palatability
of the former. Palatability can be increased up to
55 per cent by adding molasses. It seems that older
animals (over 2 years) can better utilize bagasse and
it 1s a more satisfactory feed for these animals.
The dry matter digestibility for old animals is often
about 50 per cent. Bagasse is comparable to hay for
mature cattle and has been used in fattening rations

with good results.

Ammoniation of bagasse can depress palatability. The
digestibility of the crude protein in ammoniated
bagasse is about 60 per cent but the digestibility of
the bagasse itself is not improved. Urea seems to be
a better source of non-protein nitrogen in that it
will not introduce the problems of unpalatability if

mixed with molasses.

Bagasse and bagasse pith are good carriers of molasses
and several mixtures of bagasse and molasses exist on
the market. The use of bagasse to absorb molasses
simplifies the transport and handling of molasses. In
a hot, humid climate, there is a risk that a product
of this kind will absorb moisture and ferment. It 1s
essential that the moisture content of the bagasse is
less than 10 per cent and that the final product is
stored dry. '"Camola" is one of the more common
mixtures and consists of four parts of bagasse pith

and 10 parts of cane molasses.

/'"™Molascuit"
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"Molascuit" contains more molasses than any other
mixture and is made by mixing pith with an excess of
hot molasses after which the mixture is centrifuged,
The proportion of pith to molasses in ''Molascuit" is
1 to 6.25 by weight.

The feeding value of bagasse can be increased in
several ways. Coarse grinding in a hammer mill
{3/16 inches screen) seems to improve the digestibi-
lity. Ensiling has been attempted to break down the
fibre by virtue of microbes. The most successful
method tried, however, has been treatment with
chemicals, The most economical method seems to be

treatment with 2 per cent NaCH at ambient temperature.

Molasses

There are four principal ways of utilizing molasses :

1) In dry feeds: 1In addition to adding palatability,

settling dust and serving as a binder, molasses can

replace other more expensive carbohydrates in feeds.
Its laxative effect 1s an added advantage in many
feeds., The following levels are usually not exceeded
in commercial mixed feeds: cattle 15 per cent,
calves 8 per cené, sheep 8'per cent, pigs 10 per cent
and poultry 5 per cent. The maximum amount of molas-
ges to be used is often determined by the absorbabi-
lity of molases by the other ingredients in the diet,

There 1s in general no advantage in adding molasses

to poor quality roughages like straw to increase the
feed intake. In most cases there will be no increased
live welght gain in spite of the higher consumption.
The risk of impaction is however less when molasses is

added to straw.

/2)
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2) In silage making: Molasses is quickly fermented

and 18, at the level of about 5 per cent, sometimes
added to grass during the ensiling process to act as
a preservative with-:its nutrient value and palatabi-
lity factor as a bonus., Molasses can also be used as
a scalant of silage mounds. About 5 kg molasses per
square meter is usually sufficient for this purpose.
If molagses is mixed into silage with low protein
content it 1is desirable that urea be-added tc the
molasses, Molasses may also be sprayed on hay during

curing to prevent leaf-losses.

3) As a carrier for urea in liquid supplements for

ruminants: The concentration of urea is very high in
these supplements - usually around 10 per cent, but
much higher concentrations are sometimes used. The
daily intake of these supplements is kept low and is
usually around half a kilo per day.

4) At high levels, for maximum utilization of

molasses: In many sugarcane producing areas theras is
a large surplus of molasses and at the same time a
scarcity of grain available for feeding. It has also
been demonstrated that molasses can be used as a
partial aubstitﬁte for grain in beef cattle. It has
also been suggested that sugarcane in many tropical
countries is a more efficient producer of easily
available carbohydrate than other crops. Table 14
which gives average yiélds per hectare and correspond-
ing energy yield per hectare (figures from FACQ
Production Yearbook 1968-1969) illustrates this point.

Sugarcane is calculated as the yield of high-test
molasses and it 1s assumed that 100 tons of cane will

give 18.2 tons of high-test molasses.

/Table 14
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Table 14 Average ylelds and energy yields (per ha) of
malze, sorghum, cassava, and sugarcane in
several countries

Sugarcane
Maize grain |Sorghum grain [Cassava tubers (High-test
Country Molasses)

Ton (:2:) Ton (32:) Ton (2223 Ton (EZES
Mexico 1.2 0.96 2.5 2,00 - - "11.4 7.48
Jamaica 1.2 0.96 - - 2,3 0.40 12.6 8.28
Ecaudor | 0.5 | 0.40 - | - 7.1 | 1.24 | 12.6 { 8.28
Peru 1.6 1.28 1,7 1.36 11.5 2,07 26.5 | 17.41
India 1.0 0.80 0.5 0.40 13.5 2,35 8.7 5.72
Etelopia | 1.1 0.88 0.7 0.56 - - 26,1 { 17.15
Kenya 4.3 | 3.44 0.8 0.64 6.7 | 1.17 8.5 | 5.58
Uganda 1.1 0.88 1.1 0.88 3.8 0.66 16.7 | 10.97

Source: Bol Gohl (1975)

/When feeding
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When feeding large amount of molasses, molasses
toxicity may occur, The symptoms are reduced body
temperature, weakness and rapid breathing. Cattle
usually have difficulties standing and try to lean
their shoulders against the fence with their fore-
legs crossed. The remedy is to take the animals off
molasges feeding for a few days and immediately give
them a solution rich in phosphorus and sodium. The
cause of toxicity is most often due to scarcity of
drinking water close to where animals are fed
molasses or too rapid a switch to high molasses
diets.

Molasses can also be used as a supplement for graz-
ing cattle. Cattle on tropical pastures are often
limited in their intake of digestible energy and
molasses alone can often produce increased producti-
vity. The amount of molasses given usually varies
between 0.5 and 3 kg per day per head depending on

the pasture.

Ammoniated molasses is now seldom used due to poor
palatability. It also seems to effect the nervous
system of cattle. Final molasses will cause diar-
rhoea in monogastric animals if fed at high levels.
However, gain and feed conversion can still be

acceptable in spite of the scouring.

One problem facing countries like Pakistan and India

where up to 90 per cent of the power requirements are still provided by
draft animals ies that new grain varieties produce straw which is unpalat-
able to the cattle or buffalo due-to a higher silica content.

Finally a feature of current usage of crop and agro-

industrial residues as animal feed is that a majority of the animals,

especially in the case of cattle are scattered in 1 to 5 animal units.

[However

- 232 -

0481



However in more developed countries such as Malaysia the poultry and swine
industries are very highly developed and are capable of accepting the
higher cost, higher quality feeds produced by modern processing plants.

(11) Immediate Potential and Mid-term Possibilities
In the case of animal feed development it is diffi-

cult to divide the immediate potential and mid-term possibilities,

Current potential of agricultural residue utilization
in the ASEAN countries, e.g. Malaysia, has been reported (Chandapillail,
1977; Hutagalung, 1978).

The various crops and their by-product yleld that
could be utilized for livestock feeding (in
Malaysia) are indicated in table 15.

Padi Straw

The padi areas in Malaysia have been the traditional
environment for rearing cattle and buffaloes in the
villages where straw, though high in fibre content,
but with 35-50 per cent digestible nutrient, formed a
substantial part of the diet. The feeding value of
the straw could be increased by chem,cal pre-treat-
ment and also by mixing with other feed ingredients
such as molasses and urea. Devendra (19i5) has
reported utilization of padi straw by sheep fed with
isonitrogenous diets mixed with molasses and found
that 20-30 per cent padi straw in molasses-based
diets were best utilized.

In the Philippines (Perez, 1975), pre~treatment of
padi straw by soaking it in an aqueous solution of
ca0 (3 per cent) for 3 days markedly increased the
digestibility of the crude fibre and Nitrogen Free
Extract (NFE)., 1In 90-day fattening trial with goats,
lime-treated and untreated straw were studied, toge-

ther with Leucacna Leucocephala (ipil - ipil) meal.

It was found that

/while
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Table 15 Crop sources aud estimated quantity of agricultural
wastes available in Malaysia

Lc Metabolitable Estimated
energy {(ME) total qty.
CTOP ( 2 5888:13) (tz:;?l];:.) (H Cal fha) of wastes
10x3 available
1
(D.M.) (000 tons)
1. 04l palm 654 15 3.1 (Total 850)
fibre .1:3 (Surplus
240)
sludge
solids 0.3-0.4 1.6 230
2, Paddy 429 4,5
straw 2.0 3.2 800
husk 0.5 0.3 200
3. Coconut 361
copra cake 1.0 2.5 361
4, Sugarcane 25 : 50.0
leaves
tops 10.0 3.3 250
molasses 2.0 4.5 50
bagasse 15.0 6.0 375
5. Tapioca 19 50.0
leaves
gtem 6.0 114
refuse 20.0 1.6 380
6. Pineapple 18 16 .0
pineapple '
wastelage 1.0 2.5 200
7. Poultry litter 40
8. Forage crops 4
maize
sorghum 10.0 40
Total |[1,510 - - 3,280
Source: Chandapillai and Selvarajah (1977)

« 234 -




Table 16 Complete Padi Straw-Based Cattle Ration
for Various Production Intensities

Item

- | Low production|Medium product- Intensive

(Iggredient, 2 intensity ion intensity production
Rice straw treated 75.0 80,0 | 60.0 50.0 |45.0 40.0
Rice bran - - 10.0 10.0 | 10.0 15.0
Palm kernel meal 14.2 9.2 | 13.0 13.0 |25.0 22.0
Cassava root meal - ' - 6.1 14.1 6.4 9.4
Molasses 8.0 8.0 8.0 10.0 ]10.0 10.0
Urea 1.5 1.5 1.5 1.5 2.0 2.0
caCI, - - 0.3 0.3 | 0.4 0.4
H3P04 0.3 0.3 0.1 0.1 0.2 0.2
Mineral supplement ‘0.5 0.5 0.5 0.5 | 0.5 0.5
Micro additive 0.5 0.5 0.5 0.5 0.5 0.5

Source: Muller (1976)

Table 17 Suggested Sugarcane Tops-Based Diets

Item Semi-intensive Complete Complete
(Ingredient, 7%) performance formula formula
Cane tops (dried or 90.2 75.0 60.0

pelleted)
Molasses 8.0 8.0 8.0
Palm kernel meal - - 9.8
Cassava root meal - 14.8 10.0
Rice bran - - 10.0
Urea 1.5 2.0 2.0
Mineral supplement 0.3 0.2 0.2
Vitamin A (I.U/kg) 5,000 6,000 7,000

Note: Suggested mineral supplement composition by weight); 45 per
cent tricalcium phosphate, 22 limestone or oystershells, 19
per cent lodized salt, 1.0 per cent FeSO, 1.5 per cent ZnO,
0.16 per cent CoCIz: 8.64 per cent carrier.

Source: Muller (1976)
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while supplementation had no effect, the feeding of
lime~treated straw resulted in significantly (pH
0.01) increased daily live weight gain of 192 per
cent greater than that of the untreated straw with
a feed efficiency of 170 per cent more than the un-
treated.

O'Donovgn and Chen (1972) fed growing dairy heifers
with rations in which chopped rice straw comprised
25 and 30 per cent of the total mixture, the re-
mainder.consisting of mainly cane molasses and
urea. Théy found that the daily gain ranged from
0.46 to 0.82 kg., the former level reflecting the
low soyabean meal content in the ration and the

depressing effect of 45 per cent cane molasses.

Muller (1976) has suggested a complete padi straw-
based cattle ration for various production intensi-
ties (see table 16).

Sugarcane
It is known that sugarcane produces more energy per

unit area than any other tropical crop« Sugarcane
crbp residues are the most easily accessible, and
their nutritive value is comparable to that of trad-
itional feeds of average quality.

In sugar producing countries, feeding regimes based
on sugarcane and other by~products have found

greater application by farmers for routine feeding.

Recent developments in the utilization of sugarcane
wastes have shown that cane residues can serve as a
cheap source of feed for the ruminants, the impor-
tant components being cane tops, leaves, molasses

and bagasse, beside the sugar froth residue.

Preaton (1974) found that derinded sugarcane, after

supplementation with urea, is a more balanced feed,

/eince
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since it contains the fibrous pith and the cane tops
which, with the addition of starch in the form of
cereal grain, gives a non-additive response in terms
of voluntary intake, feed efficiency and liveweight
gain.

Although sugarcane leaves have higher nutritive
value than leaves or bagasse, the feeding system
influences to a great extent the maximum utilization
of this forage. Cubing and pelleting were found to
increase the digestibility of the organic matter
significantly,

Experiments by the Malayslan National Livestock
Developrent Authority's (Majuternak) showed that
chopped cane tops fed as libitum as a total ration or
supplemented with solid or liquid additives gave
satisfactory results. Some suggested formulations

are given in table 17.

The use of bagasse has not found much favour yet due
to the lack of adequsate technology for its utiliza-~
tion. Bagasse contains two portions viz, the outer
rind and the inner pith., Though bagasse per se is
of low quality for use as animal feed, studies have
shown that steam heating at a temperature of 200°C
and pressing for removal of excesé water could be
used for feeding cattle. (Preston, 1974)

Feeding trials in the West Indies (James, 1973)
using a mixture of 'Comfith' (derinded cane) and
tops fortified with urea and othér feed additives
fed for a perlod of 45-250 days to Friesianlbulls
varying in weight from 100-340 kg produced an
average daily gain of 0.9 kg/head. When the
mixture was supplemented with additional energy

sources such as molasses and maize, the daily gains

/increased
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increased by as much as 30 per cent. The overall
feed conversion rate of the "Comfith' and cane tops
mixture was reported at 4,5 kg dry matter to 0.4 kg
of weight live gain., Since molasses and "Comfith"
are excellent sources of available carbohydrate, they
should form a good feed mixture with urea and
forazes. However, molasses in excess levels can
cauge toxic effects if the forage intzske is too low
and, therefore molasses must be used only if stock
have access to their minimum requirement of forage
of at least 1-2 kg dry matter per day.

011 palm as a source of edible oil has emerged aa a
very important crop particularly in Malaysia, Indonesia, India and in the
future will expand in production in Thailand, Philippines and Papua New
Guinea, While palm kernel cake has been established as an economically
important animal feed other components of the oil palm fruit have been
investigated extensively as potential animal feed. Webb (1975, 1976)
reported the successful development of the 'Censor' system of converting
the highly pollutant palm oil effluent into a useful animal feed. (see
Fig. 20, after Thanh, 1979). Feeding trials on swine and poultry have
been carried out with successful results, from 1975 to 1978, and the
'"Censor' IIT & IV systems shown in Fig. 8 and 9, are currently in the
commercial pilot stage of development. Sutanto (1979) and Kirkaldie
(1979) have successfully designed a process to recover the lost oil in
palm and mill effluent by solvent extraction thus producing a potential
animal food from this liquid waste. In 'Censor' III (Figure 8) there is
still the need for anaerobic and serobic treatment of the centrate after
the solide have been recovered for animal feed. Sutanto (1979) listed
some of the by-products that may be manufactured from palm oil mill waste
as shown in table 18. Besides feed, other uses are considered in this
table,

Dazell (1977) carried out a 2 year pilot scale study

on the use of palm oil mill effluent as a component of a wet mix ration

/feed
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Table 18 Possible Uses of Palm 011 Miil Waste

_ Fruit Empty Nut M1l
By-Product Fibre | Bunches Shell Sludge
FUEL: Direct burning X X
Pyrolysis gas X X 0
Methane 0 0 0
F0Op/ Delignified ,
Eggﬁ' fodder 0 0 X
Single cell X
Protein
FIBRE: Paper pulp 0 0
Paperboard X
Coir fibre 0 X
CHEMICALS :
Ethanol 0 0
Furfural
Creosote X
Soluble o 0 0
Polymers
OTHERS:Lignin products] X X
Charcoal X
Activated-C X
Building blocks
Compost 0 0 X
Fertilizers X -

Note:

X ~ good chance

0 - fair chance
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feed to local Malaysian cattle and buffalo. The economice of this pro-
ject are discusged by Williams (1979).

Devendra (1977) has identified potential feeds and
their availability in Malaysia as follows :-

' 'Feeds from the o1l palm plant

Table 19 gives the amounts of principal products
from the oil palm plant which can be exploited for
animal feeding. The nature of these by-products
(Devendra, 1975) and extraction rates for Palm Presa
Fibre (PPF), Palm 0il Sludge (POS) and Palm Kernel
Cake (PKC) have been previously reported (Devendra,
1976). Palm oil (PO) and palm press fibre (PPF) are
the main feed products of the fresh fruit bunches
harvested; the former is the by-product of palm oil
manufacture. Palm oil sludge (POS) and palm kernel
cake (PXC) are two further important by-products for
animal feeding. '

Figure 20 demonstrates that the residues from palm
oil extraction and palm nut shells constitute the
major proportion of about 63 to 66 per cent. Palm
oil accounts for 18-20 per cent and PPF 12 per cent,
From palm kernels, the oil and PKC the by-product
feed account for approximately equal proportions
(45-46 per cent). Unlike paim oil however, palm
kernel o0il is about 80 per cent saturated.

It should be noted that values in figure 20 are
approximaﬁe values and it 1is emphasised that these
would vary with the rate of production and alsoc be
influenced by the strain of palms, climate, seil
type, maturity, age of harvest and fertilization.
They do reflect however, the amounte of the various

products including feeding stuffs that are available.

/Availability
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Availability of oil palm by-products in Malaysia

It 1s of interest to know how much individual by-
products are available from oil palms in Malaysia.
Table 19 presents this situation from 1975 and also
includes the projected availability up to 1981,

The availability has been calculated using the planted
area (present and projected) of mature palms with the

following considerations :-

(1) First third of the area is in the younger age
group which 1s in the first and.second year of har-

vesting (average yield: 13.1 ton/ha).

(11) Next one-fourth to be in the medium age group
which 1s in the third and fourth year of harvesting
(average yield: 23.6 ton/ha).

(111) The remaining land area is completely mature
palms which is in the fifth year of harvesting
(average yield: 19.6 ton/ha).

It is clear that the availability of the by-products
in the future will be quite substantial.

Hutagalung (1977) has identified the potentials for

both oil palm mill effluent and rice residues which forms part of a very

comprehensive paper evaluating the feeding potential of non—traditional

feedstuff.

16-2

From the research work conducted at the University of
Malaya within the last 7 years, the problem of
dehydration of effluent using centrifugal solid
recovery (Censor) system and other locallynavailable
materials as carriers has been overcome. This system
aims to develop saleable, good quality feeding-stuffs
for livestock, with a projected potential value
ranging from M$ 200 to M$ 300 per tom of feed.

/(1) of
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(1) 04l palm mill effluent (sludge)
The use of oil palm mill effluent in its fresh

form as animal feed was first attempted in a primitive
way in Nigeria in early 1960, but technically nc data
are available. In 1972, a private company in Malaysia
initiated the feeding of raw effluent-based ration to
cattle and buffaloes and the results of the animals’
performance compared favourably with the conventional
system of feeding. The results of this feedlot system
have been reported (Dalzell, 1977). However, limita-
tions 1is storage and transportation restrict the
utilization of fresh sludge immediately after its
discharge within close proximity of the o0il palm

processing units.

Based on the successful recovery of the oil palm
sludge solids through the Censor process, various
studies on the feeding value of the products in the
livestock were subsequently undertaken (Webb et al,
1976). The results of feeding trials in poultry
(Hutagalung et al., 1975 ) and in pigs (Hutagalung
et al., 1977) revealed that palm 0il sludge could be
utilized as animal feed. Replacement of 50 per cent
maize by Censor sludge in the ration of pigs and
poultry was found to be satisfactory, although young
animals seemed to have lower tolerance. In pigs the
Censor products give a favourable response when
introduced gradually. It is pertinent to note that
sludge based diet tends to produce firm pork of good
quality (Hitagalung et al., 1977).

Good digestibility results have also been obtained in
sheep fed a combination of oil palm sludge and palm
press fibre up to 40 per cent level (Devendra and
Mﬁthﬁrajéh, 1976). It was found satisfactory to

/combine

- 244 -

9481



SHT-NI

combine the sludge with palm press fibre and palm
kernel cake at levels 40, 30 and 40 per cent
respectively. Continuing efforts have been made to
improve the recovery and nutritive value of the
sludge with various carrievs, including cassavz root,
palm kernel, grass and poultry manure, and sugarcane
tops. As a result of this study, new products, which
contain higher protein than the previous Censor

sludge have been developed.

One of the recent developments on sludge recovery is
the breakthrough in reducing the oil content of the
sludge., High oil content of sludge has been one cf
the constraints in the recovery of solids from oil
palm mill effluent, With this new finding, 2 new low-
01l sludge has been developed. The process involved
the removal ¢f oil from the sludge with a hexane-
solvent extractor to separate the solids from the oil
and liquid portion. 0il was recovered at low cost
with this process. The liquid residue from this
process contains high sugar and it has been found
suitable as a substrate for liquid microbial fermentaz-
tion, using selective non-toxic bacteria and fungi
which have the delignifying, cellulolytic and protein
systhesis ability, The fermented liquid and the
sludge solids are combined to produce a product
containing high protein and energy, low in fibre and
ash, better known as vacuum filter cake (VFC)

(Sutanto, Personal Cormunications, 1977).

(11) Rice

Rice (Oryzae sativa L.) is the most important
food crop in the rice-producing areas of Asia. In
the large~scale rice-processing mills a wide veriety

of by-products from the rough rice is available which

fcan be
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can be utilized as animal feeds. The percentage of
by~products depends on the type of rice and milling,
processing rate, which are broken down into the
following proportions: polished rice (50-66 per cent),
broken rice (1-17 per cent), polishings (3 per cent),
bran (10 per cent) and hulls (20 per cent). In
particular, the bran and polishings make valuable
feeding-stuffs as well as the broken seeds or broken

rice.

The rice grains in their hulls known as rough rice
contains about 10 per cent moisture, 8.2 per cent
protein, 9.2 per cent crude fibre, 1.9 per cent other
extract and 6.5 per cent ash (Lim, 1967, Bienvenido
et al., 1964). The rough rice has been used to sub-
stitute maize in the diets of pigs and cattle with no
adverse effects (Noland and Scott, 1963). Optimal
rates of inclusion are 50 per cent substitution of
maize portion, and for laying hens up to 30 per cent

of the ration.

Rice hull is a very low quality roughage. It is gene-
rally used as poultry litter and the litter can later
be fed to ruminants. For feedlot cattle it can be
supplemented in high-concentrate diets up to 15 per
cent to stimulate appetite, to reduce incidence of
liver abscesses and to serve as a filler or bulk,
Ammonia-treated rice hulls have been suppleﬁented in
thé diet of sheep up to 40 per cent without any

problems in digestion or masticationm.

Rice straw 1is a fair quality roughage. The straw is
usually cqmbined with rice bran and the mixture is low
in protein, calcium and phosphorus. The present
recommendation is to use rice straw plus molasses and

copra meal or urea as a diet for lactating cattle,

Jbuffaloes
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buffaloes and for draught bullocks. Excessive feed-
ing of rice straw should be avoided as it ccntains
oxalic acid which will bind the calcium in the diet,
This effect can be minimized by socaking the straw in
the water or neutralizing it with weak solution of

calcium carbonate or calcium hydroxide.

In addition to the foregoing, a downstream develop-
ment of the rice industry involves the extraction of rice bran cil as
practiced in Thailand, Philippines, India and Pakistan. The Republic of
Korea has already a well established rice bran oil.industry which is
aimed at substituting imported edible vegetable oils. The techniques
recomended by Bo Gohl (1975) for preventing rancidity in rice bran as
on animal feed has been adopted ir the Republic of Korea so as to enable
storage and transport of the raw rice bran from various rice mills to
the bran oil factory which employs the solvent extraction method for
recovery of the cil. The inactivation of the lipase enzymes must take
place using live steam or by'using day heat over drys immediately after
the milling operation. This technology is of immediate potential in
developing a rice bran oil industry. Amornrat (1977) has confirmed
that 1live steam inactivation is a practical stabilization method for

rice bran in Thailand.

In Pakistan there is considerable attention being
given to the deveiopment of animal feed with particular emphasis on
utilization of agricultural residues Muller (1978) has developed exten-
give proposals for the treatment and use of all organic wastes for this
purpose using a transfer of technology from experience in Europe and

the U.S5.A. with respect to rice, maize and sugarcane. His recommenda-

tions are summarized as follows :-

It was concluded that some 28.8 million tons of crop
residues are produced ip Pakistan. These contain
about 1.4 million tons of crude protein, 0.5 million
tons of digestible protein and 14,2 million tonnes

[of
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of TDN. With agronomic advances and with proper
harvesting technology aimed at the maximum recovery
for nutrients, the benefits of utilization of crop
residues can be proportionally increased in the years
to come. An example of the potential is given by
sugarcane from which production of sugar and crop
residues has increased by more than 40 per cent in
recent years while the land area used for sugarcane

production has increased by some 10 per cent.

Rice

Rice is the second most important cereal crop in
Pakistan and provides almost 3 million tonnes of crop
residues annually which provide 1.2 million tonnes

of TDN and 128,000 tonnes of crude protein. The
crude protein value varies according tothe level of
fertilizer use and varies between 0.5t0 5.9 per cent
but usually averages about 4.5 per cent. The TDN
value for cattle is estimated to be 45 per cent and

for sheep 4.1 per cent.

The high mineral content of rice straw seriously
limits its utilization. Oxalic acid is another un-
wanted constituent which, when rice straw is fed in
excess, can cause rumen disorders. Oxalic acid can
however be eliminated by several treatments. Physi-
cal and chemical treatment increases the digestibi-

lity of rice straw from 45 to 60 per cent.

Maize
Maize generates about 1.5 million tonnes of TDN con-
taining 52,000 tonmes of crude protein of which
about 21,000 tonnes can be considered as digestible.
The maize cfcp produces about 85 per cent stover, 9

per cent cob and & per cent husk. These components

[vary
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vary considerably in chemical composition and nutri-
tive value. The digestibility and protein content of
maize crop residues can be considerably influenced by
agronomical practices. The longer the lapse of time
following the harvest the greater is the damage to the
nutrient content and the digestibility of nutrients,.
High density planting and high temperatures and

intense photosynthesis increases the yield of residues,
but nitrogen fertilization does not necessarily have

the same effects in high yielding varieties.

Treatment of maize crop residues increases their
digestibility by 30 to 50 per cent. Maize crop
residues are better utilized when ensiled or processed
in the form of pellets or cubes. An example of
ensiling maize crop residues with cattle manure is
formulated as a system suitable for low performance

ruminants.

Sugarcane crop residues are readily accessible to
many farmers and are produced in such quantities that
they overshadow all the classical forage species.
About 4.7 million tonnes of sugarcane tops are
generated from existing sugarcane production which
also provide 366,000 tonnes of molasses and 11,000
tonnes of pith., When the available feed resources
derived from sugarcane (mainly tops and molasses) are
reclaculated in terms of nutrients, it is estimated
that some 3,2 million tonnes of TDN could be derived
from this crop. This quantity would provide the TDN
requirements of some l.i million dairy animals or 1.9
million head of bagasse, pith, filter mud and molasses
are tabulated in considerable details in-so-far as
their chemical composition and nutritive values are

concerned. The survey showed that Pakistan molasses
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1s of high quality (above 80 Brixo, 31.7 per cent

sucrose and about 20 per cent reducing sugars).

Various feeding systems (frésh, sun-dried, dehy-
drated, cubed palleted and ensiled sugarcane tops)

are compared from in vivo and in vitro results show-
ing that cubing and pelleting and to some extent
ensiling significantly enhance the feed intake and
digestibility of the organic matter of sugarcane tops.
Formulations of rations for maintenance, semi-inten-
sive and intensive feeding involving 80 per cent, 65
per cent and 40 per cent sugarcane tops respectively

may offer economically viable feeding systems.

Bagasse being the main by-product is almost exclus-
ively used as a fuel for factory boilers, but this
system 1s already being substituted by natural gas

and other fossil fuels and it is likely that this
change will continue in the future. This is because
material for paper manufacturing (wood pulp) is a
limiting factor in the country (Pakistan) and bagasse
offers an important alternative feed stock. Depith-
ing of bagasse for pulping will generate pith which
can be utilized after treatment together with molasses
as an important source of nutrients for livestock. It
is envisaged that commercially viable feedlots for
dairy or beef cattle could be established within the
premises of sugarmills as a joint venture between
sugarmills, paper mills, abattoirs (Government) and
meat processing plants (foreign investors and markets).
It is estimated that an average size sugarmill has the
capacity to generate sufficient quantities of pith and
molasses, which could constituté about 80 to 85 per
cent of a cémplete ration (calculated on dry matter
basis) to support a beef feed lot of 20,000 to 30,000

animals per annum or an equivalent number of dairy

/animals.
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animals. Another alternative is the conversion of
these resources Into marketable products in the form
of pellets. Cubes or molasses blocks for local and

foreign markets.

Recommended Treatment

As digestible energy 1is usually the first limiting
nutrient in ruminant nutrition in warm climates, it
1s axiomatic that treatment of crop residues is
directed towards liberating cellulose from the long-
cellulose structure. This effect can be achieveds
either by physical (mechanical), or chemical, or bio-

logical treatments.

(1) Mechanical processes are represented by fine

grinding, high pressure/high temperature treatment,

irradiation and compaction technologies.

(a) Fine grinding of roughage significantly

increases its digestibility. Although this process
do not delignify the roughage they nevertheless
expose a greater surface area to the rumen micro-
organisms and thus assist access of the organisms to
the partly damaged machanical tissues and thus faci-
litate digestionm.

(b) Compaction processes involve reduction of
volume which assist intake of roughage but do not
markedly influence the digestibility of the contained
nutrients. Compaction processes invelve conversion
of crop reéidues by several mechanical means into
wafers, cubes, pellets, bricketts or blocks. Such
compaction systems have commercial applicability and
allow maximum incorporation of straw into complete
rations. Cubing of crop residues requires less ener-

8y and less binding agent than pelleting. The actual
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cost of cubing straw, ranges between USS 20 to 21 per
sonne, while the cost of pelleting 1s higher (US$ 24

o B

o 27 per tonnet.

{2) Chemical treatments include the use of alkalis,

acids, ammonia, chlorine and other chemicals.

(a) Alkali treatment is employed commercially

in several techniques. The wet-alkall process uses

4 per cent NaOH sclution. An alkall soaking bath is
operated above 100°C with a soaking time of from 15
to 30 minutes. There are many modifications of this
svstem which can be adjusted to farm level. Drying
which usually makes the wet alkali treatment prohibi-
tive, can be avoided by mixing the treated residue
e.g. straw, with fresh acid wastes such as silage or

fruit wastes and feeding directly to cattle.

The Danish system of alkali treatment is a dry process.
Straw is treated with concentrated NaOH. The alkali
treated straw 1s compacted, this generates heat and
enhance the mobility and effectiveness of the NaOH.
Compacting of straw reduces its volume and the final
product is dry because no moisture is added in the
course of the treatment, Organic matter digestibili-
ty increases from about 48.2 per cent (4 per cent
NaOH) or 66.7 per cent (6 per cent NaOH). The alkali
process can be significantly accelerated when combined
with cubing or pelleting. The deciding factor in
accessing the feasibility of this method is the cost

of sodium hydroxide.

(b) Chlorine treatment uses chlorine compound
such as organic chlorine, NaClO2 bleach, Ca(Clo)z,
KClOB, C12 gas and others. These compounds being

oxidizing agents reduce the lignin content considera-

bly without loss of other soluble nutrients since no
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addition of water is used. The technology is new and
there is not sufficient information at the present
time on applicability under field conditions. Never- -
theless in the long term, this process may similarly

affect the soil because of a build up of chlorides.

(c) Ammoniation processes are based on spraying

straw with 2 to 5 per cent liquid ammonia under
plastic sheets. After spraying, the sheets are sealed
and left for the NH3 to act for at least six weeks.

In warm climates such as Pakistan the effectiveness

of the ammoniation process will be increased. The
treatment is simple, applicable at farm level, has no
side effects on soil and does not degrade the natural
protein contained in the crop residue. While alkali
treatments damage or degrade most of the protein in
crop residues, the ammoniation process can increase
the level of crude protein by up to 8 per cent. Ammo-
niation increases the digestibility of organic matter
to the same or similar extent to the alkall method.
The cost of ammonia treatment at the farm level would be
in the range of US$ 5 to 7 per tonne. More recently
ammonium bicarbonate (NHAHC03) has been used instead
of ammonia, as the ammoniating agent together with
compaction. The advantage of using NHaHCO3 is that
temperature generated during the pelleting process
(60°C without additional steam) is sufficient to

break down the NH HCO, into NH,, CO, and H,0 which
speeds up the ammoniation process taking place in the
course of pelleting., The producting of NH4H003 is
possible in Pakistan because of the existance of a

nitrogen systhesis industry,
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The ammoniation process is applicable to any kind of
crop residue and produces reliable and comsistant
results, the volume or density of the crop residue
(long straw, chopped, baled etc.) does not effect
these results. In addition, residues with either low
(not less than 5 per cent) or high (up to 40 per cent)
moisture can be used with equally good results. In
the case of pelleting, after ammoniation, it is
however necessary to handle straw with less than 20
per cent moisture, otherwise dehydration must be

added to the cost.

Increased pressure and temperature has a positive
effect on the final product as it intensifies the
ammoniation process. In Pakistan this would be easy
to achieve from solar heat below plastic sheets which
would provide a temperature much above 40°C even in
winter (in the course of the day's sunshine 10.00 A.M.
to 5.00 P.M.) High temperature shorten the ammonia-
tion process while low temperatures would require
longer storage time. Nevertheless the longer the
storage the better are the resulté. Higher concentra-
tions of NH3 enable a shortening of the storage
period. An optimum economic balance is 2 per cent
NH3 for 42 days.

(d) Acid treatment of crop residues involves the

use of inorganic acids (1 to 6 per cent stda or HC1
or a combination of both). Treatment with highly
concentrated acids (particularly stoa), provides
chemical reduction but at greater cost and carries a

subrecommendation for conditions in Pakistan.
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(3) Ensiling of crop residues does not substantially
change the orginal nutritive value but markedly
increases the palatability of residues. Ensiling rice
straw helps to eliminate the problems of pctassium
oxalate. Similarly most of the glycosides and other
phytotoxins are usually destroyed by the ensiling
process (prussic acid in sorghum crop residues and in
cassava leaves or roots, tannic acid in sorghum grain

ete.).

(4) Biolopical processing of crop residues has
recently been developed and can be divided into sub-

merged and semisolid fermentation.

Submerged, sterile fermentation processes convert crop
residues into single cell protein or other protein-
acceous biomass. Thus from 100 kg of bagasse about

13 kg pure protein (26 kg veast containing 50 per

cent protein) can be produced. The process is very
capital intensive and only large scale units may
become profitable.

Semigolid fermentation processes have several modi-
fications. One American method involves grinding of
straw and pre-treatment either by acids or alkali.
The digestibility of the fermented straw increases

from 32.7 to 46.7 per cent (HZSO hydrolysis) or to

55.9 per cent (alkali hydrolysis?. The improvement is
not sufficiently significant to justify the high cost
of investment requirsd. The cost of fermented straw
ranges between US$ 70 to 80 per tonne depending upon
the method of hydrolysis used during the process.
Another semisolid, but semi-sterile technique is a
self~generating fermentation process which simulta-
neously converts livestock wastes (manures, litters,

crop residues and bv-products) into a fermentation

/biomass.
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biomass. This system consists of a digester and the
process takes only 24 to 48 hours. The digested
bicmass is other balanced with other ingredients to

form a complete ratien.

Non-agricultural uses of crop residues are briefly
mentioned when consideration is given to systems of
crop residues utilization other than for feeding.
Crop residues can thus be converted into carbon or
into fuel, as their carbon content is about 40 per
cent, which is approximately the same as in common

lignite fuels.

More sophisticated methods can be used to convert
crop residue into chemicals such as hydrogen, metha-
nol, methane, ammonia, nitric acid, urea and many
others. Although technically feasible, -their econo-
mic viability could only be established when large
volumes of crop residues are readily available from
monocultural farming systems tc meet the logistic

requirements and economics of scale necessary.

Some crop residues rich in pentosans can be converted
into the chemical furfural, which is used for
numerous industrial processes. Apart of the main
product the process also yields methanol, acetie acid
and furfural waste. The latter can be used as forage
substitute. An example of an economically viable
unit processing 20,000 tonnes of crop residues would
generate (apar, furfural and other chemicals) about
15,000 tomnes of furfural wastes which can be
utilized as forage substitute for 2,000 - 3,000 head
of beef cattle or 1,300 - 1,800 dairy animals.

Rice hulls, apart their comversion into fuel, can be
processed into silicon t~trachloride (SiClA). It is

claimed that commercial spplication of this process
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can be economically attractive when 50,000 tomnes of
rice hulls are processed annually giving nearly
quantitative yields of 10,000 tonnes of SiClA.
In Pakistan sugarcane bagasse 1s already used as
feedstock for pulp manufacture. In view of the fact
that future requirements for paper manufacturing will
necessitate greater exploitation of sugarcane bagasse
it is envisaged that, within a decade most of the
available bagasse will be utilized for this purpose.
This will however generate increasing quantities of a
valuable by-product derived fr&m the depithing pro-
cess, This pith if efficiently integrated may have a

great impact on livestock development of the country.

Fig. 22 shows the schematic layout for the alkaline
treatment of cellulosic wastes as recommended by Muller (1978). However

care should be taken to carry out pilot trials and evaluate the economic

viability of adapting such technology.

Other possibilities of technology transfer is to use
such fibrous wastes as oil palm pericarp fibre for the production of
mushrooms. Comprehensive research and pilot scale trials for economic
evaluation have been carried out by Graham (1976) at the University of

Malaya for the production of padi mushroom.

In the Philippines the sugarcane industry is develop-
ing an integrated animal production industry as a means of utilizing
useful by-products and therefore provides the opportunity of developing
a fully integrated recycling system for animal and plant farming which is
11lustrated by Fig. 23.

(iv)  Future development
' There are several prospects for future development

of foodstuff from residues which are both primary and tertiary inm origin.
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While there has been much interest in single cell
protein (SCP), a protein produced from micro-organisms, there has been
virtually no technology developed which is commercially practical parti-
cularly fér a developing country. Production of SCP has been found to
be very eﬁpenaive even from cheap raw materials, as expensive equipment
and sophisticated technology has to be used to prevent contamination
with unwanted toxic micro-organisms, and the resultant product is lower
in nutritive value than the chemical analysis indicates. Therefore
further research and development in this field using waste effluents as
a substrate should be continued with an aim to utilize it in more deve-
loped countries of the ESCAP region such as Malaysia, Singapore, Phili-
ppines and Thailand.

Further development of solvent extraction of oil from
fibrous wastes in the oil palm industry is recommended. The development
should be directed towards recovering edible oils and improving the
quality of the fibre for other uses such as paper manufacture or the

production of furfural.

Other research filelds should consider the recovery of
resldues for feed by drying, packaging and transporting them to suitable
locations for consumption. This will involve studies into ways and

means of economically concentrating dilute liquids and upgrading the

quality of certain wastes such.as coconut water as a potential human food.

c. Fertilizer As An Fnd Use
It is a well established and proven practice that crops

residues and factory wastes with a fertilizer potential should be, if
possible, returned to the soil on which the crop was grown so as to
conserve the soii structure, water retention capacity and nutrient
availability.

(1) Current Uses

In countries such as Pakistan, Thailand, Philippines,
Indonesia, and parts of Malaysia crop residues that are not utilized as
animal feed or as fuel are either mulched back into the soil or burmt,
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thereby returning some of the nutrients removed by the crop plants.
While there is a general tendency to burn sugarcane prior to harvest (a
protection against snakes and rodents) it is the practice in dry areas
such as the Sind province in Pakistan and formally in Fiji to cut the
crop green, This practice enables the crop residue to be returned and
mulched into the soil as a means of maintaining a good organic matter

level which assists in water conservation,

For many years since the development of the modern
sugarcane mill the filter mud has been returned to the fields because it
contains much phosphoric acid and some nitrogen. }n earlier days the
molasses was also used as it contains much potash.. In modern times,
however, molasses only returns to the soil via a distillery if there is
one attached to the sugarmill. Distilleries in Brazil and even in
Thailand return the stillage containing the potash salt to the field

through irrigiation waters after suitable effluent treatment techniques.

011 palm bunch ash (produced by the incineration of
empty bunch stalk at the palm oil mill) has been applied for a long time
in Malaysia at a rate of 8-9 t/ha as a biennial application. This has
given very good response particularly an acid sulphate soils. This
residue is particularly rich in potash (40% KZO)' It 1s very alkaline
and hygroscopic and hence must be handled with care. To avoid damage to
the feeding roots it should be applied regularly in a broad band at the
edge of the weeding circle. On most estates oil palm bunch ash is

applied every 3-4 years so to avoid any marked effect on soil.

(11) Immediate potential

A paper manufacture company (Siam Kraft Co., Ltd.) in
Thailand uses bagasse as a major input for the manufacture of industrial
papers and card-board for containers and packaging of cement and other
consumer products (supermarket packaging). From the process of utilizing
bagasse along with recycled paper and imported pinewood pﬁlp from "Sweden
and Canada two types of liquid effluent are produced: black liquor and
discharge liquid. After recovery of the chemicals used in pulp digest-
ion, the black liquor is anaerobically digested for a period of 6 days A

/after’
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after which it 1s blended with the discharge liquid from the paper
making plant and put through a two stage aerobic pond system. The re-
sulting effluent has been reduced to a minimum BOD and the dissolved
salts have good fertilizer value. The treated effluent is capable of
increasiﬁg the yields of rice and sugarcane by more than 50 per cent and

it is acceptable to the local irrigation authority.

Another practice which could be transferred in the
sugar industry, is to anaerobically and aerobically treat liquid
effluent from sugar mills and ethanol distillaries then irrigate the
resulting discharge on to adjacent cane or other crop areas. This is
chrrently being practiced in Brazil and has been tried on a commercial
scale in Thailand.

(1i1) Midterm Possibilities

Several long term studies have been carried out on

the effective use of rubber factory effluent by the Rubber Research
Ingtitute of Malaysia (RRIM) as a fertilizer on a number of crops. The
quantity of effluent from rubber production is quite substantial (22 kg
per kg of rubber produced). Due to the use of ammonia in the collect-
ion and storage of latex the fertilizer value is quite evident as can be

seen from tables 20 and 21.

Fodder Production

John (1978) has reported its use as a fertilizer for

fodder production from grasses and legumes :

Tan, et al. (1975) applied a mixture of effluent
from latex concentrate, cup lump and skin processing
plants to Napier grass (Pennisetum purpureum) and
star grass (Cynodon plectostachyus). The total dry
matter and crude protein obtained were higher than
when 6,400 kg per ha of a 17:18:17 NPK fertilizer
was applied. Napler grass was shown to tolerate
fairly high rates of mixed effluents when surface

irrigated. The only drawback is its adverse effect
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on the dry matter. The use of star grass with a
higher dry matter content can easily overcome this
drawback and therefore may be considered asa better

choice than Napier grass.

Similarly, Zeid (1975) showed that the optimum rate
of rubber factory effluent application was estimated
to be about 5000 to 7000 litres per ha per applica-
tion at 45 day intervals., Yield of dry fodder grass
of up to 33 tonnes per ha per year was obtained by
the use of effluent alone., Further work showed

that by mixing ammoniated skim with acid serum higher
rate of the effluent could be beneficially used.
Recent investigations have also shown that bowl
sludge applied at the rate of 2.5 tonnes per ha
increased yields of pusa giant grass two-fold giving
rise to 220 tonnes per ha per year. These clearly
indicate the potentials for the use of the effluent,

as a direct source of nitrogen for pasture.

Legume Production

Lowe (1968) and Pushparajah et al (1975) demonstrated

that bowl sludge could be a suitable phosphate fertilizer. Mahmud (1976)
showed that it was quite suitable for the growth of legumes. Compared
to seven commercially available phosphates, bowl sludge application

resulted in the highest dry matter yield of Pueraria.

Rubber and 0il Palm Crop Production _
Mohd. Tayeb (1979) discusses the potential of both

concentrated latex and crunch rubber factory effluents as an irrigated

fertilizer for both rubber and oil palm crop production.

Two separate investigations were carried out to
study the long term effects of land-disposal of a
" mixed rubber effluent from factories processing

concentrate latex, cup~lump and skim rubber end oil

/palm.
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palm.

At the time of study, the‘oil palm field had been
irrigated with 1,91 cm (0.75 in) rain equivalent per
month (r.e.m.) of effluent for about three years.
The soil was 8 Seremban series (Plinthic Paleudult).
The effluent used contained an average of 690 ppm N,
40 ppm P, 309 ppm K, 26 ppm Mg and 165 ppm Ca with

a pH of 7.53. On a Rengam series (Typic Paleudult)
soil, the rates of effluent used in the rubber area
for the last five.years were 1.27 cm (0,50 in) and
3.81 cm (1.50 in) r.e.m. The average composition of
N, P, X, Mg and Ca was 875, 55, 514, 36 and 224 ppm
respectively with a mean pH of 6.87. In both areas
of study, the irrigation method used was the furrow

system.

Both rubber and oil palm responded positively to the
nutrients, particularly N and K, and moisture in the
effluent. Good overall growth and yield performance
was observed. At 3.8) cm r.e.m. and on a normal
single-cut system, the rubber yielded 18% more than
the control and 15%Z with Ethaphen stimulation.
Marked improvement in yield was also observed on a
double-cut ayétem comparing stimulation with Ethaphen
and Stimulex giving respective yield increases of 18
and 11 per cent over control. Yield increase of
about 19 per cent fresh fruit bunch (FFB) oﬁer
control was obtained in the oil palm field receiving
effluent.

For soll around the furrow region, there were accumu-
lation of P and to smaller extent K and Ca. There
was & marked increase in the population of viable

and nitrifying bacteria and fungl. Greater prolifer-
‘ation of tertiary and quaternary oil palm roots and

feeder roots of rubber was observed. There was an

/cbvious

- 266 -



obvious trend of increased soil available water
capacity and moisture retention measured at 1/10

and 1/3 brs. Physically, the total aggregation,
aggregate stability and total porosity decreased
glightly and bulk density increased marginally in the
0il palm field. This could be more due to the
corrosive action of the effluent flowing at higher

rate over steeper slope in this particular area.

The study shows a good potential for the use of
rubber effluent on nature rubber and oil palm. Fugther work is current-

ly being domne,

Results of the abovementioned pilot study on rubber
and o0il palm irrigated with rubber factory effluent are shown in tables
21 and 22,

(iv) Future Developments

Over the past three years researchers in the field of
treating palm o0il mill effluent to meet the staged implementation of
Malaysia's new environmental standards have investigated and installed
commercial pilot scale and disposal schemes. Without pretreatment of
palm oil sludge the use of this type of effluent has been found un-
satisfactory and could possibly lead to continued partial pollution of
waterways and streams. With the development of Censor III as shown in
Figure 8, or with anaerobic digestion which produces methane as developed
by Sime Darby, further aerobic treatment would result in a pollution
free discharge which would still contain a considerable quantity of
dissolved solids mainly in the form of inorganic salts (mainly potash).
Serious cbﬁéideration should be given to irrigating this liquid back on

to the oill palm plantation or some other commercial crop area.

Liquid effluents from all agro-industrial plants
should be considered as a potential source of plant nutrients, provided
adequate pretreatment has been carried out to minimise the pollutant

properties of such effluents,.
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The composting and intermediate utilization of ligno-
cellulosic wastes for mushroom cultivation or animal feed should be
further developed to provide organic fertilizers such as has been demon-
strated using oil palm pericarp fibre. Trials have succéssfully demon-
gtrated the use of such composted residues as a suitable soll ameliorant
for the reconditioning of tin mine sand for the production of vegetables
(Graham 1976).

d. Construction materials,paper and handicrafts as end-uses

{1y Present uses

The use of straw for thatching roofs and walls has
been a well established practice for many centuries. Likewlise people
living in coconut production areas have utilized leaves, shells, husk
and trunks for many different purposes including roofing, bedding,
building frames and kitchen utensils. More recent examples are illus-
trated in the Philippines Coconut Authority (PCA) presentation "Coconut
The Tree of Life' and the uses of this magnificant plant are listed in
fig. 10. 1In the Philippines, there has been considerable development of
the cottage handicraft industry to supply the tourist trade with a wide

range of handicrafts made from parts of the coconut plant.

In Malaysia, the palm kernel shell which is not used
for fuel in the mill's boilers is used as a road surfacing material for
the mill yard. It is particularly used in conjunction with laterite

f11l for improving roads in swampy areas.

In Thailand and the Philippines, rice husk ash has
been commonly used as a fill material for house and factory coﬁpounda
and 1s used in combination wi;h sand and other aggregate materlals to

ensure a good quality foundation.

Rice straw sugarcane bagassé and coconut husk have
recently been used as a source of raw materlals for particle board and
cement panel manufacture in Thailand, the Philippines, Malaysia and
Pakistan. To ensure that. the particle board product meet British,
.Austrﬁlian or American standards, a considerable quﬁntity of binding
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resins had to be incorporated inte it which may be why some factories
have discontinued production, as the price of resins has risen considera-
bly since 1976.

Paper manufacturing using sugarcane bagasse (which 1s
surplus to the mill's fuel needs) has been established for a considerable
period of time in both Pakistan and Thailland while rice straw is also
used as a raw material in Thalland. Sugarcane bagasse is processed into

pulp in the Philippines for export to China for paper manufacture.

In Pakistan, the sulphite waste water from the pulping
process is a pollution problem that is being investigated by the Pakistan
Council for Scientific and Industrial Research (PCSIR).

In Thailand the Siam Kraft Paper Co., Ltd. produces
60 tons of pulp from 200 tons of bagasse per day which uses a caustic
digestion system. The pith and some bagasse i1s used as a fuel source and
the chemicals are recovered and recycled. Because the bagasse fibre
length is too short for container paper and paper board, imported pine
pulp is the main input. The following figures indicate the percentage

composition of various materials in this pulping process :

Pine pulp 607
Bagasse pulp 307
Waste paper pulp 107

The factory has a capacity of 300 toms of Kraft paper

per day and produces about 90,000 tons per year.

(i1} Immediate potential uses

The Rubber Research Institute in Kuala Lumpur has
investigated and developed to a commercial pilot scale the utilization of
rubber tree trunks for furniture and timber panelling for internal use.
Rubber wood has also been used as & compbnent in the manufacturing of

paper by Japanese interests.
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In the Philippines, considerable reseérch has been
carried out by the Forest Products Development Commission (FORPRIDECOM)
inFo the use of coconut trunks as a potential construction material
both as timber and as a raw material for particle boards. Some of the
research has been advanced to pilot stage projects. Tamalong (1978)
has reported the results of various studies by the above agency in
which it has been found technically feasible to produce bag type paper
and particle board from coconut stems. In the case of particle boards,
the coconut stem particles mixed with wood particles in a 1:1 ratio
was used with a bonding agent of 8 per cent urea formaldehyde and 10
per cent resin. One cubic meter of coconut trunk made 10-11 panels
12,70 mm x 1.22 m x 2.44 m which conform to Australian and British
specifications. The report also gives the results of various tests

carried out on coconut timber as shown in table 22,

_ /Table 22
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Table 22 Physical and Mechanical Properties of Coconut Stem—

a/

Position along

Property Unit crogs—s?ct on
E Hard ' Core
uter layer
Molsture content / A Present 121 287
Specific gravity— - 0.530 G.299
Static bending 2
Stress at proportional limit kg/cm2 310 144
Modulus of rupture kg/cm 527 242
Modulus of elasticity 1000 kg cm 73.6 30.6
Compression parellel to grain 2
Stress at proportional limit kg/cm2 169 73.7
Maximum crushing strength kg/cm 294 123
Modulus of elasticity 1000 kg/ cm 109 47.8
Compression perpendicular to
grain 2
Stress at proportional limit kg/cm 38.4 18.6
Shear parallel to graln 2
Maximum shearing stress kg/cm 58.1 22.5
HardnessE/
Side kg 524 137
End kg 488 117
Toughness kg/cm/ 323 175
specimen
.E[- All tests conducted followed the procedures of the ASTM
Standard Methods of Testing Small Clear Specimens of
Timber ASTM Designation:- D143-52, Part 16, 1970 Annual
Book of ASTM Standards. American Society for Testing and
Materials. Philadelphia. Pa. ‘
b/ Based on oven-dry weight and volume at test.
¢/ Load required to embed a 1.128 steel ball to 1/2 its
diameter.
Source: Tamolan (1978).
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From the 'Coconut Stem Seminar' held in Tonga in 197
under. the sponsorship of the New Zealand Government aid programmes for
the South Pacific region (New Zealand Government, 1978), there is a wealth
of information regarding the utilization and potential development of use
uses of tHe coconut stem., Several important recommendations resulted

from this seminar which should be noted.

In most of the coconut producing regions, and parti-
cularly the Philippines, most of the coconut plantings are very old and
are in need of replanting on a staged programme covering 40 years so that

a continuous steady supply of coconut stems will be available.

The quality of the coconut stem as a potential con-
struction material depends on the part of the stem used. The outer sect-
ion 1s dense and suitable for saw timber while the inner core is soft and
of poor strength but could be considered useful for chipboard dupping or
pulping for paper manufacture. Bergseng (1976) has designed a technique
for sawing coconut logs of different diameters so as to segregate the

timber of different densities.

Due to the susceptibility of coconut stems, and any
tdmber produced from them, to insects and decaying organisms, it is
necessary to treat this timber with preservatives either by. pressure
methods or dipping in creasote. Mosteiro (1976) has reported on trials
in the Philippines which have successfully preserved coconut stems for

use as electric power and telecommunication poles,

FORPRIDECOM has also demonstrated the use of coconut
stem timber in the construction of low cost housing and will promote this
use in view of the 40,000 hectare per year replanting programme the
 Philippines is embarking upon. This will produce approximately 6 million

cubic meters of timber per year (100 m3 per ha).

A company, "Cortech Wellboard Asia Ltd.", which is a
joint venture between Canadian and Philippine interésts, has been set up
in Manila and is embarking on the production of "Rice Husk Board" (RHB)
which i8 aimed at utilizing the massive quantities of rice husk available,
based on the following :

JAlternative
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Alternmative sources of panel board production are
available as by-products resulting from the agri-
cultural industry. Baggase, wheat straw, various
types of jute, stems, grasses and rice husk, to name
a few, are available year after year and in increas-

ing quantity as the agricultural output increases.

The rice husk board (RHB) is a panel board similar
to the wood based particle board, except that it is
made out of rice husk, a waste material derived

from rice milling operations.

As a panel board, RHB enjoys a significant commer-
cial advantage over particle board, plywood and
other wood-based boards as it is cheaper to produce,
is water and termite resistant and completely fire

retardant.

Tests have also proven that RHB has excellent work-
ability characteristics. All wood-work processes
like sawing, drilling, nailing and screwing, are
possible with RHB, In outward appearance, the board
exhibits the aesthetic colour of the rice hull,

preserved in its natural state.

The process flow chart is shown in fig. 24 for the
production of RHB using a new synthetic resin reported in UNIDO report
No. ID/WG89/23 1971. Table 23 presents a comparison between RHB and
wood-based panel board, its nearest competitor. With recent increases
in synthetic resin prices, the cost of the end-product will no doubt be
somewhat higher than that predicted in past feasibility studies.

(111) Mid-terwm possibilities
Rice husk ash (RHA) has been investigated as a

potential pozzolanic material (a partial replacement for cement in paste
and concrete mixes) by a number of research workers in Thailand and the

Philippines. Results show that RHA can replace cement up to 20 per cent

/for
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Table 23 Comparison of Properties between Rice Husk Board
and Wood-Based Panelboard

Rice Husk Board

Commercial
Particle Boards

Board thickness (inches)
Board density (lbs./ft.)
Internal board (psi)

Modulus of rupture (psi)
Control
24 hr., water soak
Accelerated Weathering

Modulus of elasticity (psi)
x 103
Control
24 hr. water soak
Accelerated weathering

Water soak
% Thickness swell, 2 hr.

%Z Thickness swell, 24 hr,

Hardness (lbs.)

Flame spread rating
(ASTM~-8-84)

Termite resistance

Fungus resistance (% loss)

5/8
50
104

2358
1740
525

391,000 psi
275
150

1130

No visible attack

7.4

5/8
45
100

2350
1370
Delaminated

250,000 psi
225
Delaminated

0.4
10.7

Heavy wood decay

215

Source:

a/ 10Z mica

18-2
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for mixes where strength is important and up to 30 per cent for low-load
bearing structures., Cook (1976) describes the value of RHA as a

pozzolanic material as follows :-

It is shown that combustion of the husks at.ASOéC
for four hours produces a material which conforms to
a ASTM C618-72 Class N pozzolan. Tests were carried
out to determine the bleeding, strength and volume
change characteristics of cement - rice husk ash
(RHA) pastes where the cement replacement ranged
from 10 to 67 per cent. As would be expected, the
bleeding rate of the pastes decreased as the cement
replacement increased. The compressive strengths
also decreased, though the 90 day strength for up to
20 per cent replacement indicated that, in general,
addition of the RHA increased the volume changes of

the pastes.

The strength and volume change characteristics were
also investigated for thirteen concrete mixes where
the cement replacement varied from 10 to 40 per cent.
The strength, both compressive and splitting tension,
decreased as the cement replacement increased.
However, the 90-day strength indicated that for up to
20 per cent replacement, the later age strength would
be similar to that of the 100 per cent cement con-
crete., The creep, shrinkage and swelling character-
istics of the concrete indicated that for up to 30
pér cent cement replacement, the addition of the RHA
was probably not significant if the influence of

water cement ratio was taken into account,

The results obtained from the limited research pro-
gramne inﬁicated that rice husk ash can be used as
pozzolanic material, particularly in countries where
mrre conventional artificial pozzolans, such as fly

ash, are not available.

/Initial
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Initial work carried out on RHA at the Asian Institute
of Technology was concerned primarily with "village-burn" ash where the
husks were converted to ash at temperatures of less than 300°C.

Although it was simple to produce, the pozzolanic activity of the ash

was very low, due primarily to-the significant amount of carbon in it.

At higher conversion temperatures (greater than 500°C)
approximately 25 per cent of the rice husk can be converted to ash and
of that proportion some 90 per cent of silica. There is evidence to
suggest that the ash consists essentially of tridymite and cristobalite.
However, the presence of these minerals is highly dependent on the
combustion temperature and at temperatures between 350 and SOOOC, the
ash consists of amorphous silica. The other mineral oxides present
constitute between 7 to 10 per cent by weight of the ash the dominant
minerals being potassium, magnesium, calcium and aluminum (in that

order).

Sugarcane bagasse could be considered as a raw mate-
rial (either flake or splinter particles) for the manufacture of
particle board. Pablo (1979) found that a reasonable quality board
could be produced provided the resin content was high enough. However,
only the splinter type of board with at least 8 per cent resin passed
the Australian standards 9pecificatioﬁ for modulus of rapture and edge
screw holding property while none passed the tensile strength test.
Further develbpment of production techniques are recommended if this use

1s to be pursued.

A recently developed process called Thermodyn could
be used for a number of residues, including coir dust, to producé-a wide

range of composite board type prodﬁcts and is described as follows :

Thermodyn is the name of an industrial process and
of a new material, rigorously tested, .and which pro-

duction is based on worldfwide licences.

It

183 - 277 -



It uses (in Europe) a raw material com@osea of wood
scraps of various origin, adequately processed,
Thermodyn should not be confused with conglomerate
processes based on synthetic bonding substances, As
such, it 1s absolutely different from "bonded
particle panels' and is it similar or even close to

"reconstituted wood".

The originality of the invention lies in the dis-
covery that ligneous and cellulosic components, when
processed without bonding substances, in specially
sealed molds, under high pressures (250-300 kg/cmz)
and high temperature (140—18000), then cooled
witheout ;eleasing gases Oor pressure, could poly-
merise in contact with carbonyls and resin components

existent in all vegetal materials.

Such components, due to the combined action of
pressure and heat become gaseous and contribute to
the molecular transformation in the course of a chem-

ical chain reaction taking place inside the molds.

It uses any ligneous, wooden scraps such as, sawmill
dust, wood fibres of all types, wood shavings, wood
bark, roots, ligneous vegetal parts, seeds, straw,
colza, corn,sugarcane residue, rice, cotton straw,

etc.o»-

Thermodyn, obtained through polymerization of the
1igneous substance (average density: around 1.34-1.4
grems/cm3), is fundamentally a new product obviously
different from 'conglomerates', which are always

lower in density.

When a certain volume of materials of vegetal origin,
containing ligneous and cellulosic components, 1is subjected to combined

heat and pressure, under precisely determined conditions and within

[rigorously
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rigorously controlled humidity, some of its components go through a chem-

ical transformation during which the materials become thermally plastic,

Following complex hydrolysis and condensation react--
ions, mainly at the level of polyosis and ligneous components, new
water-insoluble substances, similar to plastic materials of the 'duro-
plast' type, are created. It is esgentially these new substances which
give their characteristics to the Thermodyn processed material. More-
over, when high mechanical pressures are simultaneously exerted on the
ligneous material, it is subjected to aviscoelastic deformation and a
permanent densification., The direct consequences are: a reduction of
internal stress, an increase in strength, an irrev;rsible stability, as
well as an increased resistance to humidity absorption. The described
chemical reactions enable all vegetal materials with ligneous and cellu-

losic components to be used in the Thermodyn process.

Road Comstruction

Light weight rice husk ash fill can be used at
approaches to structures such as bridges or culverts to reduce the diff-
erential settlement between the approach embankment and the structure
itself. Although the cost is about double the cost of a normal highway
embankment, it is still only ome-half to two-thirds the cost of extending
the bridge superstructure. Field compaction trials of rice husk ash were
carried out during the construction of the Thonburi-Paktho Highway and
indicated that 8 to 12 passes of a 2-ton vibrating roller were needed to
obtain the optimum compaction level. Large thickness and density reduct-
lon factors of 2.0 to 2.5 were observed during compaction. Field CBR
tests indicated initial CBR values of 5 to 10 which increased to values
of 15 to 20 in several months due to the time reaction. This stabilizaw
tion reaction also caused a marked drop in Benkelman Bean deflection
readings on the finished pavement surface, Settlement measurements at
these approach embankments indicated that rice husk ash was very effect-

ive in reducing settlements.

/(1v)
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{iv) Future development

_ In the use of tree crops such as coconut as a source
of timber, there will be a need to continue research into techniques of

preservation.

For particle board manufacture, there 1s a need to
investigate new types of resins which are both suitable for the types of

raw materials being used and much cheaper than present supplies.

Based on Sutanto's (1979) recommendations, a paper
industry from oil palm fibrous wastes may be developed, if the effi-
ciency of the extraction process is improved and sufficient raw mate-

rials are economically avallable.

e. Chemical extracts as an end-use

A multitude of chemical products from agricultural resi-
dues have been identified and developed in western and developed coun-
tries including Australia and Japan in the ESCAP region. Bates (1964)
has listed a range of products that can be obtained from ethanol or
acetone butanol processes using molasses as a raw material (see figs. 5
and 6). Baret (1977) has shown how cellulosic wastes end carbohydrates
from agro-industries can be upgraded to produce various end-products
including chemical stock for further downstream processes, such as for

the plastics industry (see fig. 25).

(i) Current uses

In the developing countries studied here, there are
not many instances of chemical by-products being produced from agricul-
tural residues. This is probably due to the existence of cheaper alter-

native sources such as petroleum, until recently.

‘Activated carbon 1is one example of a residue based
chemical industry which is established on a viable commercial scale in

the Philippines using coconut shell as a raw material.

fFigdre 25
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In Malaysia, with the development of downstream pro-
cessing of palm oll involving refining fractionation and consumer pro-
duct processing (margarine shorterning, cooking oil, soap, hydrogenated
0ll and stearin), there is a small quantity of glycerine produced which

is a chemical feedstock for other chemical processes.

(11) TImmediate potential uses

As pointed out at the beginning of this section, the
technologies  for the extraction of a wide range of chemicals from agri-
cultural and agro-industrial residues already exist. Given the necess-
ary financial support, guarantee of adequate and consistent supplies of
réw materials, good market potential and the provision of good technical
and management skills, there are good opportunities for the development

of some of these products.

FORPRIDECOM in the Philippines has identified the
potential of using sugarcane bagasse, rice straw and coconut trunk as
cellulosic materials for production of dissolved pulp which could be
converted into rayon, celluloces acetate, cellophane, plastics lacquers
and explosives. In conjunction with the Philippine Coconut Authority,
it has alsc ldentified potential chemical and products from various com-

ponents of the coconut palm.

Furfural
There has been considerable discussion of the potential
of crop residues with a high pentosan content for the production of fur-

fural, Figure 26 gives the process flow sheet for furfural production.

Conversion of crop residues into furfural

" Some crop residues, particularly those accumulated in
larger quantitites (bagasse, cotton seed hulls) could be converted into
furfural. In addition, this process generates furfural residues which

can be used as a forage for .ruminants.

/Figure 26
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Furfural as a chemical

Furfural is used for numerous industrial processes,
such as solvent refining of luoricating oils, butadiene, resin and other
organic materials, a solvent for nitro—cellulose, éellulose acetate,
shoe dyeé, an intermediate stage for production of tetrahydrofuran and
furfural alcohol, phenoloc and furan polymers, a wetting agent in the
manufacture of abrasive wheels and brake linings, weed killer, fungicide,
adipic acid and adiponitrils, production of lfsine the refining of rare

earths and metals, flavourings and road constructiocn.

Furfural yields

Sunflower hulls and maize cobs are the richest source
of pentosans from which furfural is derived. Furfural yields of some

relevant crop residues are shown in table 24,

Table 24 Furfural yields of some crop residues (average values)

Psz;zzzze Furfural yields
Crop residues percentage Maximum Minimum
percentage percentage
Sunflower hulls 32 11 7.0
Cottonseed hulls ' 25 3 5.5
Maize cobs 32 11 7.0
Bagasse 26 9 - 6.5

Source: Muller (1978)

/By-products
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By-products and wastes derived from furfural
production
About 20,000 tons of crop residue is an economically

viable unit which would give approximately 1,400 tons per year of
furfural. Other products produced from the above-mentioned volume of
crop residues would be methanol (100 t/yr), acetic acid (3.5 t/yr). It
should be noted that furfural production is considered economical when

the level of pentosans in the raw material is over 20 per cent.

Furfural production could also be utilized as a
forage substitute. About 20,000 tonnes of raw material would generate
15,000 tonnes of furfural wastes (75 per cent of the raw material inmput),
an amount which could feed 2000-3000 head of beef or 1500-1800 dairy
cattle. The nutritive value of furfural waste derived either from

maize cobs, sunflower hulls or wood waste is given in table 25.

Table 25 Chemical Composition of Purfural Waste (on DM basis)

Crop Residues Used for Furfural Production
Constituents Maize Sunflower _Wood
cobs hulls waste
i % % %
Crude protein 3.00 5.63 1.47
True protein 2.71 4.12 1.09
Digestible protein 2.14 3.75 0.86
Ether extract 0.39 1,35 0.83
Crude fibre 37.10 38.91 41.70
Nitrogen free extract ‘ ~ 56.53 | 47.30 54,78
Ash | 1 298 | 6.8 1.42
Source: Muller (1978)
/Deséi:e_
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Despite the rather high fibre content of furfural wastes, the chemical
process contributes to the liberation of cellulose from the cellulose-
lignin bond and thus the digestibility of furfural waste for cattle is
higher thgﬁ that of traditional forage of similar nutritional composit-

ion.

(1ii1) Midterm Possibilities

Both the Korean Institute of Science and Technology
(KIST) and the College of Arts and Science University of Philippines have
recognized the need to produce cheaper enzymes of high activity from
local raw materials such as rice bran, rice husks and rice straw. Del
Rosario (1978) reports on studies of producing cellulose by Trichoderma

Hride on the above substrates.

The Korean Institute of Science and Technology (KIST)
has reported the production of a amylase and glucoamylase from local raw
materials which in commercial production are available as glucose isomo-
rase. It i1s reported that the product is half as costly as the same type

of enzyme available from European sources.

KIST has developed a pilot plant capable of producing
enzymes from rice husk and rice straw which will need further adaptation
trials and development before establishment of a commercial production

plant.

(iv) Future Developments

' Further research will be necessary to develop the
production of chemical feedstock from local raw materials especially
with the recent changes in the petrochemical industries. There are
distinct possibilities of producing chemicals such as precusors for
detergents, plastics and synthetic textile fibres.

New technologies are also being developed to improve
. the economic viability of producing furfural and activated carbon from
indigenous raw materials such as rice husk. Bandey (1979) has proposed
a pilot plant development for the production of furfural or more simply
activated carbon from rice husk using a concentrated salt soluﬁion for

Pakistan Instead of the normal acid activation process which is expensive

/because
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because of the need to import acid, A simplified process flow chart for
this newly developed technology which might be suitable for Asian

countries is shown in fig. 27.

£. Water as an End-Use

From the problems observed in several of the countries
visited by the ESCAP/UNEP mission, it is evident that water must be con-
sidered as an end-use. Until the present, most agro-industires have
regarded water based residues as a waste to be discharged and have
thought that there was more than sufficlent available water as an input
material. However, with the recent rapid and plamned expansion of the
palm oil, industrial alcohol, sugar, paper and rubber industries, water

is becoming a scarce input.

Besides meeting the recently imposed and planned environ-
mental standards, pollution control methods should be developed with the
objective in mind that treated water could be recycled or discharged
into a stream or water-way of a suitable quality for the next downstream

consumer.

An expansion of an industrial alcohol plant in Thailand
illustrates the importance of this concept. At present the 60,000
litre/day plant consumes 200-300 3 per day of water which is discharged
as stillage into 11 hectares of anaerobic, facultative and acrobic ponds
from which it is irregated on to nearby sugarcane fields. There is no
possibility of a bore well supply, and the rainfed dams do not supply
much more than the present off-take requirements. For the planned ex~-
pansion to 150,000 litres per day the water has to be recovered and
recycled into the plant. Thanh (1979) discusses techniques of achieving

these objectives.

V.
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Dapl

V POTENTIAL 2ZJZARCH AREAS

Even though certain suggestions have been made as to possible

future developments there are certain areasof research which should be

identified as being worthy of serious consideration for support in the

development of residue utilizatien.

a.

The ASEAN Subcommittee on Protein has proposed and 1is

setting up a project "The Management and Utilization of Food Waste
Materials" which is based on a report by Bychanan and Oei (1578) the

summary of which is given below :

19-1

Three promising processes have been identified as offer-
ing potential for the effective management an utilizatiom

of food waste materials.

(1) Biogas fermentation

Biogas fermentation (methane), now widely applied
for animal wastes, may be adapted to the treatment of
wastes which accumulate in large quantities from food
factories. Other fermentétion processes will also be
investigated to convert food wastes into other useful

products such as citric acid and vinegar.

'(11) Reverse osmosis

Reverse osmosis and ultrafiltration are processes
which have been recently developed to separate substances
by passing them through special membranes. Recent tech-
nological advances have lead to the development of new
membranes which are more efficient, durable and economical
than before. Membrane processes now appear to offer an
appropriate technology for the ASEAN region. Skilled man-
power and experimental pilot plants are required in the re-
gion to capitalize on these new technological developments.
Establishment of a team of ASEAN scientists, working on

/this
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this new technology, sharing their resources and expe-
rience, is expected to strengthen efforts to adapt the

technology to the requirements of the ASEAN region.

viz. - Protein recovery from rice starch and mung

starch factories

-~ Recovering clean water from dilute factory

effluents

- Concentrating coconut water wastes for camning

or bottling

- Recovering drinkable water from polluted sources

(1i1i) Feedstuffs

Food wastes which cannot be used for human consump-
tion may be fed to fish, ducks, chickens, pigs or cattle.
If animals are not available to eat these wastes on the

spot then they may spoil.

A pilot plant can check the economicsof preserving
such wastes by drying and making them suitable for trans-
portation by pelletising.

b. KIST in the Republic of Korea has developed its research

programme on the production of cheap enzymes such as cellulase, zylase
and other saccarification enzymes to a pilot plant stage and are conti~
nuing their work on the conversion of ligno cellulosic residues into
such useful chemicals.

Ce Professor A.H. Bandey of the Department of Chemical

Engineering in the University of Engineering and Techno-

logy Lahore, Pakistan has developed on a laboratory scale

a successful system of carbonizing rice husk into activated carbon using
a cheap, locally available salt as the activating agent. He proposes to
develop a semi-continuous pilot plant to improve the process efficlency

and enable an economic evaluation to be made as follows :

/Bench-scale
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shown earlier

dl

Bench-scale experiments in this department have brought
out the definite possibility of converting rice husk into
good quality activated carbon, comparable with commercial
grade product being marketed by Japan, U.K. and West

European countries.

The standard method of activation being followed for a
varlety of cabronaceous substances utilizes mineral acids
(normally sulphuric acid) as the activating agent. This
approach leads to pro‘blems of corrosion, expensive mate-
rials of construction, extensive washing to free the pro-
duct from traces of acid and consequent high cost of re-
covery from dilute acid solution. In order to avoid these
difficulties, salt activationmethods has been tried with
considerable degree of success. It appears that the con-
stituents present in the husk lend themselves toc equally
efficient activation with salt, thereby reducing the other-

wise high costs of inputs and operation.

The department now proposes to study the process on a semi-
continuous pilot plant scale so as toexamine the commer-
cial possibilities of manufacturing activated carbon local-
ly, and to work out its economics more precisely. It is
estimated that the cost of producing activated carbon in

this manner would be less than the import.

The process flow chart for this proposed project was
in fig. 27.

The PCSIR laboratories in Karachi, Pakistan proposed a pro-

ject to investigate the conversion of agricultural wastes into 'Bio-

fertilizers" using accelerated microbial decomﬁosition techniques so as

to minimize the import of fertilizer and to alleviate the aggravation of

salinity which is currently a problem with the use of inorganic fertili-

zers, The studies include the use of phytohormones and nitrogen fixing

micro~organisms to enhance the economics of such a production system
(Iftikan 1979).

19-2
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e. Dr. F.N. Tamolang of FORPRIDECOM has developed a laboratory

scale cabonizer for the simultaneous conversion of rice husk and coconut
shell into high quality charcoal in the same retort. The equipment for
doing this is illustrated in fig. 28.

There is a need to design and develop a pilot plant scale

model to enable the proper design for commercial plants.

The rice husk charcoal from this process would provide a
better quality fuel that could be used at the site of production for
process energy supply or briquetted or pelletised for transport to other

COonsumers.

f. Researchers at the University of Malaya propose a multi

disciplinary approach to investigating a number of areas related to agri-

cultural and agro-industrial residue utilization.

(1) Continued development of solvent oil extraction, con-
version of solids into animal feed and final water treatment as a means
of reusing water either through a recycling system or providing useable

water to the next consumer in the water supplying network.

(ii) The development of suitable processing techniques to
produce high quality feed from cassava leaves while economically elimi-
nating the cyanogenic glucocide toxicity problem, based on Webb's (1978)

report.

(1i1i) Studies into ways and means of conserving and more
efficiently utilizing low cost energy that is available in sugarcane and
oil palm industries.

{iv)} Investigations into the production of wvariocus types
of chemicals from the plentiful supply of residues available from the

geven crops studied here.

(v) The development of a practical and economically via-
ble system of harvesting, processing preserving and packaging of algae
which has been grown on liquid effluents such as rubber and palm oil

mill liquid wastes.

/g.

- 292 -

9481



D481

REMOVABLE HOPPER
FOR CHARGING RICE
HULL

CHIMNEY

L]

]
|
f"

) REMOVABLE TOP DODR

H
l\-."

——prgT——
%'
4
L
“
UG L S

35 GAL.3ID STEEL
IRUM

— - —
L1

; (P |COLUMN FOR CHARRING
7 LRICE HULL

— CHARRING COCO SHELL

DISCHARGING ““MECHANISM”

Figure 28 Rice Husk Charcoal Carboniser.
Source: Tamolang (1978}



g. Constraints to the Adoption cf Technology

(1) Logistical factors

There have been many suggestions made by very compe-
tent people as to the prospects of setting up secondary industries based
on the integration of agricultural wastes which are an extension of
laboratory experimentation or transfer of well proven economic technolo-
gies in developed industrial nations. However, these technologies have
and will continue to fail in their implementation in undeveloped nations
because of 2 number of factors of which logistics is a most important

one., In this respect a few points that should be considered are :

(a) Where the production of a crop is on a small
holder scale and the residue occurs as a result of an on farm operatiom,
quantities are usually small and because of the isolated and scattered
location of each supply situation it is difficult and uneconomic to
collect and sustain a reliable supply to a centralised processing plant,
This is the case where the production of furfural from rice and maize
residues is concerned and to a lesser extent when considering the use of

0il palm pericarp fibre for paper production.

(b) Tha lack of cheap transport for the collection a
and transfer of bulky raw materials such as coconut husk and shell to
central large scale charcoal and activated carbon factories or in the
future chemical extraction plants may have a serious effect on the econo-
mic vialility of a new industrial project based upon such raw materials.
This also applies to the development of a flour substitution project
using 100,000 nuts per day in the central Philippines as the transport
vehicles operate on gasoline and because of road conditions and poor
reception facilities at factories can only make oﬁe trip per day‘which,
before the recent increases in petroleum prices, resulted in a transport

cost of US$ 0.54 per ton mile.

.

/(c)
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(c¢) At present there is generally a lack of handling
facilities for the economic storage and collection of residues which

have a potential foy downstream utilization.

{11} Traditionalism
With most agricultural industries especially those

which have been developed during the colonial era there has been a
deeply ingrained tradition of agronomic practices, successfully
developed during past generations which have been passed down in almost
legendary fashion. This has resulted in a strong resistance to change

of the status quo.

(i11) - Conservatism

Once a syétem has been devised and proven successful,
there exists in well established companies a degree of conservatism
whereby it is deemed correct to beware of change if there is risk
involved. This is true even though there i1s conclusive proof that
given good management and the availabil;tyofﬂthe correct equipment and

expertise the new venture is a very sound investment.

(iv) Technical Problems

There is a tendency for new ventures to try and short-
cut on the full adoption of recommended equipment materials, technical
expertise and properly trained personnel. There have been many Instances,
some quite recent, where projects have falled due to poor management and
the lack of good technical staff to operate the scheme both in field and
in factory. When an industry is new to a particular region (it may be
well established in other countries) which has a proven track record, it
1s important to import the necessary technical expertise from top manage-
ment to the factory floor or field until such time as local personnel
have been trained to the extent they have developed a "sixth sense"

about the industry.

/(v
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(v) Markets
Prior to embanking on what appears to be a techni-
cally feasible scheme, much care should be given tc ensuring that there
is a ready and profitable market for the produce concerned. This
problem has arisen on many occasions where low quality fibrous wastes
have been considered as good cattle feed only to find out that there
were not sufficient cattle or that they were so scattered and were only

owned by subsistence level farmers that the product could not be sold.

(vi) Fiscal Problems

Finally a problem which appears to beset many adven-

turous developers who are convinced that their new enterprises are eco-
nomically feasible is that of being able to find sufficient financial
support for a risk venture. Most banking and financing institutions in
the region are only prepayed to provide financial facilities for indus-
tries with a proven track record, i.e., investment ventures. When it
comes to providing loans for new ventures banks classify them as risk
ventures and either reject the request or make the terms so unattractive

the project will not be able to get off the ground.

(vii) Other Constraints

There are probably many other problems to be overcome
such as licences, government duties, land acquisitionand other adminis-
trative matters all of which must be considered when setting up an annex

or a new industry to utilize these residues.

VII AGRO-INDUSTRIAL INTEGRATED DIVERSIFICATION

This concept was referred to briefly in section IV (a) under energy
as an end-use. Basically it involves the integration of two or more agri-
cultural industries to utilize the available resources more efficiently

and at the same time diversify the operation.

/A good
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A good example of this concept 1s the proposed development of
an ethanol distillary using cassava as its raw material alongside a
plant using sugarcane so as to ensure that both operations are energy
self-sufficient thus overcoming the main drawback to using cassava to
produce ethanol. Yet another case is the proposal in Malaysia to
operate a rubber factory alongside an oil palm mill so as to utilize
surplus energy from the generation of methane from the palm o0il sludge
for drying the rubber. Also in Indonesia there is a plan to set up a
sugarcane production project on an existing tobacco scheme to utilize
the fallow land which lies idle for 4 years due to the rotation cycle

necessary to control phytophthora infection.

A proposal made by Webb (1978) envisages the development of an
animal food (for export) project side by side, or in conjunction with
an oil palm plantation on an area ratioc of 1:1. The factories would be
adjacent to one another so that the animal food factory (processing
high protein cassava leaf or grass) could obtain the surplus energy
from the palm oil mill and at the same time prossess the sludge solids
into animal feed. An added advantage of this concept would be the
potential to rotate the two crops. Also there would be a much quicker
payback on invested capital as is demonstrated by the graph in fig.29.
With the current problems of inflation and rapidly rising energy costs
this concept warrents serious consideration for developing countries in

this region.

VIIT CONCLUSION

While there are probably many aspects of residue utilization
not covered in this paper it should provide an adequate guide as to the
technological problems in assessing and developing plans for solving
important problem issues related to the protection of the enviromment.
It is important that the problem be identified accurately before embark-~
ing on a particular programme to develop an end-use for a residue that
will be economically viable.

/There are
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There are many instances of uses of residues that have been in
existence for many years that could be easily adopted by other coun-
tries at very little expense. This 1s a logical and practical approach
to adopt in the light of present economic trends, viz. rising fuel

costs.

From local pilot scale and well established developed coun-
tries' technologies there are a number of instances where it is possi-
ble to adopt this technology immediately. The only limitation to the
production of end-products from various residues coming on stream would
then be time, physical and financial constraints. However, a word of
warning: It is necessary that a comprehensive and accurate economic
assessment of each ventu}e be conducted before embarking on any

project of this nature.

There is a wealth of research information available within the
region as well as that from outside which is related to the problems of
residue utilization, which if developed from the laboratory stage
through the pilot plant to the commercial scale could help provide a
more diversified economy and help buffer the lmpact of inflation.

As has been identified by Dhira (1979), there is a need for an
international forum to enable efficient dissemination of technical
information to all countries in the region. Moreover, the efforts of
those involved in technology development shouldbe effectively coordi-
nated to avoid unnecessary duplication of effort and consequently a

waste of finances and facilities.

Because of recent developments in the petroleum industry there
has been much emphasis placed upon energy as an end~use. There is no
doubt that in addition to the wide publicity given to the potential of
sugarcane and cassava as photosynthetic sources for ethanol production,
there is a vast potential for the use of other residues as energy
sources, In this regard, there is an urgent need to rethink, redesign
and improve operating efficiency of existing processing plants so as to

utilize the available energy sources move effectively.
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Serious thought must be given to integrated diversification so
as to economise on the utilization of natural resources and to stabilise
the agricultural industries of the ESCAP countries. These industries
have been subjected to the ravages of volatile markets for so many
years, because most of them have relied on the sale of only a single

product.

It is important that the correct technology be selected and
that it has been fully evaluated from the economic, environmental,'and
socio—-economic stand point., There is no doubt that with the technolo-
gies available a profit can be made from the correct utilization of
agricultural and agro-industrial residues and at the same time protect

the environment.

The overall concept of the assessment of utilizing agricultural
and agro-industrisl residues can be summarised as follows with a list

of potential end-uses given in table 26,

In trying to assess the problem issues and the potential solu-
tions in respect of utilization of agricultural and agro-industrial
residues in the five countries studied the following approach was

adopted.

(1) Crops Considered

a) Rice
b) Sugarcane
c) Maize

d) Cassava
e) Coconut
f) Rubber
g) 011 Palm

(i1) Residue End-Use Categories

a) Energy

1) ethanol
i) golid fuels
1i1) gases

b}
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b) Food (human) and animal foodstuffs

¢) Fertilizer

d) Comnstruction materialé, paper and curios
e) Chemicals

f) Water

(iii) Potential Adoption on A Time Base Classification

a) Present Use
b) Immediate Potential-transfer of technology

c) Midterm Possibilities - technology in nged of
adaptive research and as a pilot stage of development.

d) Future Development - areas of needed research or
research at the laboratory stage in need of develop-
ment to the adoption level.

(iv) 1Identification of Constraints

a) Technological

b) Logistical

¢) Psycological

d) Sociological

e) Financial (investment)
f) Economical

g) Geographical

i) climate
.11) topographical

(v) Conceptual Development Strategies

a) State of development
b)Y Socio-economic objectives
c¢) Present and future requirements

d) Impact of conéequences of world wide inflationary
trends.

e) Special consideration of the energy crisis

/Table 2¢
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Table 26 End-Use Potential

Time-
End-uae Residue Product po::iiial
1. Renewable energy Molasses Ethanol P
gource Cassava Ethanol P
Sugarcane Ethanol P
Bagasse Solid fuel P
011 palm fibre Solid fuel P
Coconut shell Charcoal P
Coconut leaf Solid fuel P
Cassava stems Solid fuel P
Rice husk Solid fuel P
Rubber wood Solid fuel P
Coconut stem Charcoal I
Coconut husk Charcoal I
Ligno-cellulosic Char-oil gas M
wastes
Rice straw Ethanol M
Palm oil sludge Biogas M
Distillery Biogas M
stillage
Rice husk Charcoal M
2. Food and animal Rice bran and P
feeds straw
Maize stalk, Animal feeds P
cobs and husk
Majize gluten Animal feeds
Coconut meal Animal feeds
011 palm kernel Animal feeds
/Cake

- 302 -




Time~

End-use Residue Preduct base
potential
2. Food and animal Cake, stearin Animal feeds
feeds (contd.) Palm oil Animal feeds
Sugarcane Animal feeds
bagasse
Rice straw Compost P
{nushrooms)
Sugarcane Animal feeds P
leaves
Cassava residues| Animal feeds
Bagasse Animal feeds
Cassava Animal feeds P
foliage
Molasses Animal feeds P
Molasses & Animal feeds
nitrogen
Edible oil P
refining residue
Rice straw Animal feeds I
(treated)
Bagasse Animal feeds 1
(treated)
Rubber seed Animal feeds F
meal
Rubber seed Animal feeds F
oil cake
/3. Fertilizer
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Time-

End-use Residue Product hase
' potential
3. Fertilizer Rice straw P
(burnt) Ash
Rice straw Composting P
(bulk mate- night soil
rial)
‘011 palm bunch Ash P
Sugarcane Organic P
filter mud manure
Coconut coir Dry manure
Rice straw Organic
panure compost
Paper mill Organic I
effluent manure
(treated)
Distillery Organic I
stillage manure
(treated)
Sugar mill Organic I
effluent manure
(treated)
Rubber Compost, orga- I
effluent nic manure
4, Construction Bagasse Paper
materials Rice straw Paper
paper and Rice husk Particle
Handlcraft board
/Bagasse
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Time-

End-use Residue Product base
potential |
4. Construction Bagasse Particle P
materials
Saner and toard
handicrafts Rice/Straw Thatch P
(continued) straw
Particle P
board
Coconut tree Handicrafts P
parts
Coconut stem Timber
Telephone I
poles
Posts I
Rubber wood Furniture I
Rough timber I
Coconut trunk Particle M
board
Ligno-cellulo- Particle M
sic waste board
(thermodynes)
Rice husk ash Pozsolanic M
material
5. Chemicals Coconut shell Activated 4
carbon
Coconut mill Vinegar P
effluent
Palm oil refin- Glycerine P
ing residue
Rubber seed 011 P
/Molasses
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Time-

End-use Residue Product base
potential
5. Chemicals Molasses Alcohel, P
(continued) citric acid,
MSG, other
organic acids
Cassava pulp Citric acid P
Paln kernel Activated
shell carbon
Ligno-cellulo- Furfural I
sic wastes
Rice husk Abrasives/ M
silica
Rice straw and Enzymes M
husk
Ligno-cellulo- Chemical stock F
sic waste for plastics,
textiles etc.
6. Water Paper mill P
effluent
Coconut mill
effluent
Rubber I
effluent (recycle,
Cassava reuse I
effluent or
Sugar mill irrigation I
effluent water)
Treated ofl I
palm
011 effluent M
Distillery M
effluent
/Note:
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Note: The time base potential is designated as follows :

(O
(11)
{11%)

(iv)

20-2

Present use
Immediate'potential
Mid-term potential

Future development
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SOCIO-ECONOMIC ASPECTS OF AGRICULTURAL
AND
AGRO~-INDUSTRIAL RESIDUE UTILIZATION

*
Note by the ESCAP secretariat

1, In most of the member countries of ESCAP, the agricultural sec-
tor is generally responsible for the early growth and exransion of the
economy. It is there that residues and wastes first accumulate., However,
due to the agricultural'sector's wide area of productive activity, plan-
ners and politicians generally overlook the implications of such residue
production and accumulation for the agricultural environment, turning
their attention instead to the concentrated residue or pollution problems
of the industrial (and generally urban) sector. From the economic point
of view, however, any residue accumulation is a potential cost to the
environment and, in effect, reduces the over-all benefits of production

to societyal/

2. There ara several means at hand for reducing the costs of envi-
ronmental pollution from residues derived from production. The most
common is to reduce the pollution in residues by introducing the techno-
logy to do so. In this case we can speak cf control costs which reduce
the threat of pollution to the environment and, hence, increase over-all

aocial benefits.
/3.

* This paper was prepared by John C. Williams, Agriculture
Division, ESCAP Secretariat. Reference AD/WAAIRU/6, 7 December 1979.

1/ The basic theory involved in the economic assessment of
accumulation of residues is that the environment has a limited capacity
to assimilate pollution., When the critical limit .of assimilation is
surpassed, environmental deterioration is created which has many destruc-
tive consequences for the ecologlcal system, including the ultimate re-
duction of production. If these assimilative limits and the relationship
between the ecological system and the production of residues were known,
the costs to the pollution could be defined. See D.W. Pearce, Environ-
mental Economics (London, Longman, 1976) chaps. 2 and 3.
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3. Another method of reducing residue production and accumulation
is to make use of a residue in a separate production process. This
method will, again, reduce potentially polluting residues and hence the
threat to the environment from its accurulation over time, the result of
which is to increase the benefit of production to society.gj In this
case the use of a residge from a primary production process could

potentially decrease the cost of primary production.

4, This paper discusses the socio-economic approach to the control
and reduction of agricultural and agro-industrial residues and wastes.

It locks at the proﬁlem foom two angles :

(1) From the angle of controlling the release of agricultural
and agro-industrial residues into the environment., The reason for such
concentration is that certain agro-industrial processes such as palm oil,
rubber, alcohol production and tapioca processing have associated with
them a large amount of waste water which must be treated in order to be
used as a second-generation residue (recycled or irrigation water), or to
be "safely" released into the environment. The socio-economic costs

involved here are the control costs referred to earlier;

(2) From the angle of their use in a second-generation produc-
tion process. Thus, one can speak of utilizing agricultural and agro-
industrial residues for (a) renewable energy sources, (b) building
materials, (c¢) animal feed, (d) fertilizers, and (e) chemical extracts.
The use of these raw residues could be seen to potentially reduce the
original production cost by extending the economic uses of the original

agricultural product.

5. The paper is divided into three sections. The first sectiom
deals with treatment costs for residues, and is generally directed

towards liquid resfdues. The second section discusses the economics of

/residue

2/ Care must be taken not to release a more unassimilative
second generation residue into the environment by processing a first-
generation residue. In such a case, the total benefit of production to
soclety would be reduced.
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residue utilization in terms of the five end-~use categories mentioned
above, The discussion concentrates on actual cases where residues are
being utilized or where pilot or feasibility studies have been conducted.
The conclud?ng section reviews the current knowledge of the economics

of residue utilizaticn drawn from the previous sections and makes
observations about the future concerns of residue utilization if social

benefit is to exceed costs.

I POLLUTION TREATMENT COSTS

6. For liquid residues such as the effluents coming from tapioca
starch, palm oil, rubber and sugarcane processing, thé removal of pollu-
tants is essential in order to protect the environment. The removal of
pollutants in the liquid residue is considered 'to contribute to social
benefit. The cost of envirommental protection is the cost of the treat-
ment plant, its operation and the social oppertunity cost for the

capital cost of the plant relative to its best alternative use. If all
the elements in this cost/benefit calculation were known, a figure could
be arrived at indicating the best use of funds relative to different
methods of protecting the environmment. Such sophistication, however,
cannot be used here as the full range of social benefits is not precise-
ly known. However, an assumption can be made that equal reductions of
biological.oxygen demand (BOD), chemical oxygen demand (COD) and suspended
solids (8S) in waste water will equally enhance the benefit to society of
the contributing production process. What would then be important is the
treatment cost of different technologies and the cost of such treatment
relative to the effluent standards (reduction in BOD, COD, SS) desired.
Attention should also be given to the subsequent use, if any of the
treated effluent, as such use could be use to offset, to varying degrees,
the cost of treatment. This section reviews what is presentiy known about
the costs of various treatments for the tapioca, rubber and oil palm
industries. The discussion details the factors accounting for the costs,
the increases in costs expected_by increased effluent standards and the

economic impact of treatment costs to society.

/?.
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Some of the more common treatment methods for liquid residues
are an anaerobic pond, a facultative oxidation pond, an aerated lagoon

3/

and a rotating biclogical drum filter.~ The factors which effect the
selection of omne of these common treatment methods (or others available)
are (a) data concerning the system's engineering design and pollution

removal efficiencies, (b) capital and variable costs.

8. In terms of the removal of BOD and SS, the commonly accepted
practice has been to use an anaerocbic pond as a first-stage treatment for
concentrated wastes. An anaerobic pond treating tapioca starch effluent
has been shown to réduce BOD by 60 per cent and SS by 82 percent, For
second-stage treatments, there seems to be considerable degree of sub-
stitution possible between a facultative oxidation pond, ar aerated
lagoon, a rotating biological drum filter and other technologies. A
combination of first and second-stage treatments (aerated lagoon), has
been shown to have total BOD removal efficiency of 94 per cent and this

4/

is vertified by other reports for other industries.~' Problems exist,
however, for decreasing nitrogen in rubber waste water, which is due to

the addition of chemicals at the processing stage.éj

9. The main criteria for selection of a treatment technology are
primarily based on costs. Table 1 presents data about various costs for
first and second~stage treatment technologies for tapioca starch waste

water for two factory sizes.

[Table 1

3/ These treatment methods have been described by N.C. Thanh
in the workshop paper, "Pollution control and management of agro—
industrial wastes".

4/ See U, Yothin, Evaluation and Treatment of Wastes from the
Taploca Starch Industry, M. Eng. Thesis No. 836, Asian Institute of
Technology, Bangkok, Thailand (1975); R.N. Muthurajah, and others,
"Developments on the treatment of effluent from new process SMR factories",
Proceedings, K.R.I.M. Planters' Conference, 1973; and C.K. John, and
others, "Treatment of effluent from block rubber factories", Proceedings,
R.R.I.M, Planters' Conference, 1974,

5/ For a discussion of this problem, see R.N. Muthurajah,
op. cit.
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Table 1  Treatmant costs related to anaerobic ponds and second-
stage treatment (aerated lagoon) for tapioca waste
water for two factory capacities
Cost of
Total Total
Aera- | capital | opera-
Fac;z;i iand Land E:ia:a rors/ for ion
cap Y rea © concrete ltreatment cost
(n?) (usp) | (usp) | (usp)y |(usp/yr) | (usp/yr)
Anaerobic
ponds (primary
treatment)
60 tonnes/day 3,800 650 6,250 - 6,900 480
- 8.4 n 530 250 875 - 1,125 240
Second-stage
treatment
60 tonnes/day 3,800 650 4,200 32,500 | 37,350 31,680
8.4- " 530 250 600 6,500 7,350 3,780
Source: U. Yothin, Evaluation and Treatment of Wastes from the Tapioca
Starch Industry, M. Eng. Thesis No. 836, Asian Institute of
Technology, Bangkok, Thailand (19753).
Note : Prices are .for 1973 at the exchange rate of Baht 20.15 per

one U.S. Dollar.

/10.




10. The data in table 1 indicate that land and its excavation
account for the most cost for anaercbic ponds. Thus the main considera-
tions in the choice of a primary system would be the cost of land and
its excavation. In this regard, if the land is restricted, then another
treatment system might be considered. Land and its excavation are rela-
tively less costly for secondary treatments. For the example in table 1,
capital cost in the form of aerators and concrete 1s the highest cost.
Variable costs {(chemicals and electricity), have very much increased
relative to capital costs. The data in table 1 suggest that selection
of a secondary treatment system would be based on a trade-off between
capital costs and land availability. If land was easily avallable, then
a non-mechanized and land extensive facultative pond could be selected,
otherwise an aeration system such as an aerated lagoon or even a more
costly rotating biological drum filter (which uses only omne quarter of
the land spece as a pond or lagoon) would be used. It should be noted
that capital costs for primary and secondary treatment of rubber waste
water from a 20-tonne per day factory is US$25,974 in 1974 dollars.éj
Variable costs were thought to be minimal, which suggests that land
availability is a primary consideraticm for a rubber waste water treat-

7
ment system.—™

11. 0f more importance than the actual cost of the treatment system
is the cost of the system relative to the total capital investment of the
plant. One study has estimated this relationship for the taploca
industry;ﬁf The study shows that for large capacity plants {60 tonnes

/per day

6/ The exchange rate used is 2.31 Malaysian dollars per one

dollar.
7/ U. Yothin, op. cit.

8/ R.A. Luken, Economic Analusis of Alternative Effluent
Guidelines for Tapioca Industry, Office of the National Environment Board,
Thailand. (June 1976)
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per day) the treatment cost (capital and operating costs) as a percentage
of total capital costs would be 0.8 per cent for a "low removal rate of
organic material” and 4 per cent for a "high removal rate of organic

9/

material”.~ For a low~capacity factory (8.4 tonnes per day) the cost

for a low removal treatment system would be 4.8 per cent of total capital
costs. A high removal treatment system, however, would be 31 per cent of
capital costs and if the factory had less capacity still, the percentage
would increase. It can be expecte& that such a relationship between

cost of a treatment system and total capital costs relative to a factory's
production capacity would be generally true for industries other than

that for tapioca. It should also be expected that with increased stand-

ards, costs of treatment relative to total capital cost would also

10
increase.,~
12. Lack of empirical data prohibits a systematic discussion of the

effects of the cost of waste water treatment for a national economy.
However, a rough indication of the effects on the national economy can
be given by considering the aggregate cost of such treatment. One can
expect that with increasing standards for environment protection there
will be corresponding increases in costs of production. Some of these
costs will be transferred to the consumers and come absorbed by the

industry. Fro the tapioca industry in Thailand, for instance it has

/been

9/ The study is not clear on the standards of the low and high
removal rates. It suggests, however, that the low rates would be equiva-
lent to those obtained by only an anaerobic pond (i.e. 60 per cent removal
of BOD and 80 per cent removal of SS), while a high rate would be obtained
by using both an anaercbic pond and second-stage treatment (i.e. 94 per
cent removal of BOD and 82 per cent removal of SS).

10/ See, for instance, a recent report on regulating waste
water loads for grouped discharges on a multiple reach stream (streamflow
analysis). This report indicates that with increasing standards for
dissolved oxygen concentration of the stream at all reaches, the cost of
treatment would correspondingly, increase (B.N, Lohani and N.C. Thanh,
"Probabilistic water quality control policies", Journal of the Environ-
mental Engineering Division, ASCE (August 1879).
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been estimated that price increases due to treatment costs can be
expected to influence demand for products in a competitive system. To
determine the.effect of treatment costs opn the industry it would be
necessary to make an evaluation of such factors as market price fluctua-
tions relative to price increases owing tortreatment systems, price of
substitutes, projected depand, and political considerations. Increases
in production costs due to treatment costs would also have an effect on
the internal rate of return to the factory. As discussed earlier, large
capacity factories have less of a burden to bear in terms of the cost of
treatment to total capital invested in the enterprise., It can be surmised
that large capacity factories would have less of ar reduction in their
internal rate of return than for smaller factories. This proves to be
the case for the tapioca starch factories in Thailand, where increased
standards from a '"no-standard" base to a "high standard” base reduces the
internal rate of return in large factories (60 tonnes per day) from 26
per cent to 20 per cent. These factories would, however, be economically
viable, Small factories (8.4 tons per day or less) would have a reduct~
ion in the internal rate of return, under similarly increased standards,
from 1 per cent to a negative figure. In this case, where the initial
internal rate of return is very low, a factory would become economically
unviable if it constructed a waste water treatment plant which conformed

to a high standard of pollution removal.

13. With increasing effluent standards, one could expect economic
dislocation in the sense that some marginal factories would close, un-
employment would increase (perhaps only marginally) and investment in
increasing a particular industry's capacity would decelerate. This is
the price that can be expected to be paid for less environmental pollu-
tion, and must be weighed in terms of the social benefit that a less
polluted environment gives to the nation in the short and in the long
term. It should be noted that some of the cost of treatment can be
offset by utilizing the tweated waste water in some manner. There are
examples of treated waste water used as fertilizers and animal feed.

These examples will be discussed in the following section on residue

utilization.

/1.
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11 RESIDUE UTILIZATION

14. Any residue or waste can be used as a resource. This section
will deserive some of the agricultural and agro-industrial residues
that are currently being sued as a resource, either in their raw state
or in a processed form. Concentration is given to the eccnomic use

of agricultural and sgro-industrial residues. In this regard, the
discussion focuses on conditions and problems of supply and demand of
the agricultural or agro-industrial residues. The cost of production
relative to substitute proddcts is also featured. The discussion
proceeds by considering five potential end-uses for residues, 1i.e.
renewable energy, construction materials and paper, food, fertilizers,

and chemical extracts.

(A) Residues as renewable energy sources

15. There are several agricultural and agro-industrial residues
within the crops studied here which can be converted into an energy
source., The workshop paper on end-uses and technology has detailled the
agricultural and agro-industrial residues which can be usa2d as energy
sources.li/ It also identified two basic energy categories within
which each residue would fall, that is, the residue could be used as an
alcohol fuel or as a charcoal oil or gas substitute. These two cate-

gories will be dealt with separately in this section.

(a) Alcohol fuels

16. The basic residue for the production of alcohol fuels is molas-
ses, a by-product from sugar mills. In most countries of the ESCAP
region molasses is exported, the major exporters being Thailand and

the Philippines and the minor ones, India and Pakistan.

/17.

11/ See B.H. Webb, "End-uses and technology for agricultural
and agro-industrial residues', workshop paper.
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With the increasing price of fossil fuels since 1973, the ba-
lance-of-payment import bill for virtually all countries in the ESCAP
region has increased drastically, diverting capital from much-needed
development projects. This factor has led many countries to seriously
explore alternative sources of energy, and a few countries, such as
Thalland and the Philippines, have decided to develop and implement an

alcohel fuel programme.

ig. The literature on alcohol fuels 1s'vast, having been started
before the turn of this century., Moreover, alcohol blended fuels (10
to 30 per cent alcohol in gasoline) are currently being successfully

12/

used in many countries the world over .~

19. The current cost of producing ethanol (02H50H), the basic
alcohol fuel for blending with gascline, is fixed by technical product-
ion cost and cost of fuél stock (molasses and fuel for distillation}.
A representative cost for production of ethanol from molasses is given

in table 2.

[Table 2

12/ Some countries currently using alcohol fuels are Brazil,
France and Sweden.
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Table 2 Production cost of 1 litre ethanol (95 per cent)
in distilleries having different productivity in
Thailand as of 1978

Productivity per day (litres)
10,000 20,000 22,000 {200,000 | 250,000
(in Thal baht)
Molasses 2.61 2,31 2.62 2,74 2,46
Fuel and power 0.45 0.58 0.83 1.26 0.46
Chemicals and 0.09 0.07 0.35 0.10 0.45
materials .
Operation cost 0.70 0.15 0.27 0.15 0.18
Depreclation 0.20 0.40 0.70 0.40 0.90
Waste water treat- - _ _ _ 0.29
ment
Total cost (in baht)] 4,05 3.51 4,78 4,65 4.79
(in US doltary®’ | 0.20 0.17 0.24 0.23 0.23

Source: Jiraphol Sintunawa, Power Alcohol from Agricultural and Agro-

industrial Products, M.S. Thesis, Mahidol University,
Bangkok, Thailand, November 1978.

The exchange rate is Baht 20.15 per one U.S. dollar.

/20.
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Ter: zrae severel features of table 2 which should be noted.

vy

iret, the cests invelved are actual costs, obtained from distilleries
in Theziland which have different techniques, capital inputs and effi-
ciencies of production. Owing to lack of standardization of the facto-
ries, efficiency of scale is 2ot shown. Secondly, the cost of product-
ion is at 1978 prices and the price of the majer input (molasses) is

at the 1978 price of US$35 per ton, Thirdly, not all factories treat
the waste water from the production process, which leads to considera-~
ble economic savings for some factories at the expense of a decrease

in over-all social benefit through pollution of the environment. The
treatment cost for distillery waste water is given in table 2 as 0.29
baht per litre of produced ethaznol which would add to a total cost of
US$3,598 per day of coperation. This cost seems extremely high.ii/
raraover, nothing is known about the removal effieciency of BOD, SS and
so forth for treatment as such cost; hence, the figure should remain

speculative.

21. These observations aside, the average production cost for one
litre of ethanecl in 1978 was Baht 4.58 (US$ 0.23). It has been esti-

mated that thls average cost would decrease to Bazht 4,02 (US$ 0.20) if
14/

production efficjiency were increased.—

22, Since 1978, the cost of molasses, the input having the highest
cost for the production of ethanol, has increased to between US$57
(ex-factory cost) to US$80 (f.o.b.) per tonne which would increase the

production costs of the product.lé/ Selecting the low figure of US$57

as the most appropriate mid-1979 ex-factory cost for molasses, the

/correspon-
ding

gg/ Jiraphol Sintunawa, Power Aleohol from Agricultural and
Agro-industrial Products, M.S. Thesis, Mahidol University, Bangkok,
Thailand, November 1978, p. 121. The exchange rate is Baht 20.15 to
one U.S, dollar. A 300 tonne per day paper mill in Thailand stated
that its treatment cost was Baht 47 per tonne of paper produced, or
USS$700 per day.

14/ Some methods for increasing production efficilency are
to improve (a) efficiency of steam production, (b) strain of organisms
which would ferment easily and give the highest yield of ethanol, (c)
maximizing use of stillage, (d) wusing bagasse as fuel, (e) location
of new plants. See Jiraphol Sintunawa, op. cit; chapter 6.

15/ The first figure (US$57 per ton) was obtained from
interviews in Thailand end the second from interviews in the Philip-
rives in August 1879.

14
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corresponding average actual cost of ethyl alcohol production in 1979
(based oﬁ the 1978 survey) would be Baht 6.25 (US$0.31) per litre and
the average cost, 1f efficiency were increased, would be Baht 5.30
(US$0.26) per litre. These 1979 costs of production figures have been
corroborated by other independent studies and by investigations of the
ESCAP/UNEP mission in August 1979. The comparative costs of product~
ion are given in table 3.

/Table 3.
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Teble 3. Ex-factory production costs of ethanol production
from molasses and retail gasoline prices in two
ESCAP member countries
Ex—factory
Factory production EEtiiie Year of
Country Capacity ' | cost per giso : do
(litres/day) _a/ |PTICe Per study
litre . litre .
b/
(US dollars)
Thailand (1) 250,000 4.79 (0.24)| B 4.98 Aug. 1978
Thailand (2) average 5 [6.25 (0.31){ B 7.84 1979
factories
Thailand (3) average 5 F5.30 (0.26)| ¥ 7.84 1979
factories
Thailand (4) 60,000 6.00 (0.30)| B 7.84 1979
Philippines (5) 15,000- P1.60 (0.22) - 1979
. 17,000

Sources: (1)

excise duty, blending costs, transportation costs and profit,

b/ The exchange rate is Baht 20.15 and P 7.38 per one U.S. dollar.

Jiraphol Sintunawa (See source, table 2).
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(2) Estimate (this paper) for actual production.
(3) Estimate (this paper) for efficient production.
(4) Export factory, Thailand.
(5) Canlubong Sugar Estate, Philippines.
af The ex-factory production cost per litre does not include

/23.
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23. The main c¢riterion for the ecoromic viability of ethanol produc-
tion from the molasses by-product is the cost of the substitute product,
gasoline.ig/ Very little data are available on this topic in the ESCAP
region., Horever, table 3 suggests that ex-factory ethanol production
costs are becoming more competitive with retail gasoline prices as
petroleum prices continue to increase. The same is probably true for the
Philippines example. It should be recalled, however, that the ethanol
price in table 3 is an ex-factory cost of production, to which cost of
management, water treatment cost, transport costs, profit margins and so
forth must be added in order to make it equivalent to the retail price of
gasoline. With this in mind, a feasibility study should be conducted
before commitment to an alcohol fuel programme is fixed with a view to
considering several factors which affect_production costs and factory
operation, These factors include (i) the supply of molasses and its
seasonability, (11) cost of collection of inputs, ({i{i) factory scale and
engineering possibilities (construction of new or auxiliary factories),
(iv) alternative use of capital (opportunigy costs), (v) impact on the V
regional environment (employment, rural development), (vi) impact on the
stabilization of crop prices, (vii) cost of importation of capital goods
and expertise, (viii) effect on balance of payments, and (ix) market'
demand., Special attention should be paid to the role of government in
setting the ethanol price for blending with gasoline. In this regard,
the use of exclse taxes (which are currently excessively high for alcohol
production) must be reviewed. Consideration must also be given to the
role the Govermment can play in developing an alecochol fuel programme with
all the implications that this has for regulating policy and national
legislation. Finally, the feasibility study should consider the technical

/and

16/ From the view point of economics, the effect of the etha-
nol and gasoline blend on the environment must be evaluated as a soclal
cost. A wealth of literature has discussed the environmental implica-
tions of emissions from an ethanol and gasoline blend relative to gaso-
line emissions. The literature concludes that the fuel alcohol emiss-
ions are no worse than those of gasoline alone and may even have less
pollutants in comparison with gasoline when the combustion engine is pro-
perly adjusted for alcohol fuel utilization. There is also no evidence
that a 15 to 20 per cent ethyl alcohol blend harms current combustion
engines. See Alcohol Fuels, a conference held at the Sebel Town House,
Sydney, Australia, 9-11 August 1978, organized by the Institution of
Chemical Engineers, N.S.W. Group C/Department of Chemical Engineering,
University of Sydney, Australia 2006.
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and economic options of designing an ethanol factory from inputs other than
molasses or in combination with molasses. There are, of course, many
alternatives in producing ethanol and hence many substitutes and combina-
tions for the production process. Of special interest to the countries in
the ESCAP region, however, is the potentlalities of using sugarcane or

cagsava, or a combination of both, in the production process.

24, A few studies have estimated that costs of production for ethanol
from sugarcane, cassava, and their combination in various factory types.
One such study suggested that there was a distinct economic advantage in
producing ethanol im existing sugarcane factories from raw cane as there
would be a savings in capital costs and depreciation relative to construct-
ing new factories.él/ The cost of producing the ethanol in this factory
type was estimated at US$0.14 per litre. Attaching a cassava processing
line to the existing sugar mill would reduce production costs further
owing to reducing fuel costs (bagasse and cassava stems could be used for
this purpose), and reduced equipment costs for boiler and subsequent ser-
vices, The cost of producing ethanol in the integrated sugarcane-cassava
factory is estimated to be US$0.8 per litre. It therefore makes economic
sense to investigate the possibility of using a combined sugarcane (or
molasses) and cassava factory. Such a factory would also lead to greater
stability of input price and supply and may contribute to the optimm use
of land near the factory site.

(b) Charcoal, gas and oil substitutes

25. An ESCAP/UNFP mission in August-September 1979 discovered many
examples where agricultural and agro—industrial residues were used as fuel
substitutes, These examples relste to the use of rice husk and bagasse as
fuel sources and coconut husk as charcoal. In Pakistan, rice husk is
currently being used to dry bricks. It was reported that the use of rice
husk as a fuel was so successful that now Pakistan-made bricks could
compete on the market with India-made bricks. In Thailand, rice husk is

Jused

17/ T.A. Bull, and others, "Potential for multi crop processing
within the sugar industry”, Alcohol Fuels, op. c¢it.

- 330 -



used as a fuel for cenerating steam to power a few rice mills. The =zav-
inps for using rice husk as a fuel were reported to be Baht 0.08 per kilo
of rice or one per cent of total value of a 100 kilo bag of rice. In rthe
Philippines, rice husk is used to supply 1,900 kW of electric power to an
adjacent rice mill and to a small town in Mindanao. The power plant's
supply of rice husk comes from the adjacent rice mill which has a capa-
city of 25 tonnes paddy per day. The power plant itself was established
in 1968 under a loan from IBRD and the Philippines Development Bank.

The National Grains Authority (NGA) of the Philippines took over control
of the former privately controlled enterprise in 1977 after it ran into
financial difficnlties. Presently, NGA 1is still supplying power to
consumers at the rate of P 0.12 per kW hour. It is not clear, however,
that the current price of electricity is sufficient to cover costs.
Neither 1s it clear when happens to the residue from burning the rice
husk,

26. Another widely used agricultural residue for fuel is bagasse, a
residue which has traditionally been used to offset fuel costs in sugar
mills. While there was a trend away from the use of bagasse as a fuel

in the early 1970s, a reversal of this trend seems to have set in owing to

the high costs of fossil fuels.

27. A processed fuel derived from agricultural residues is charcoal.
Charcoal can be processed from virtually any residue, but not all residues

18/

can produce good charcoal,~ Coconut shell and husk, for instance, is
used to manufacture charcoal in easily constructed pits or in more
complex, but easily constructed burners. In the Philippines the bulk of
exports of charcoal from coconut shell goes to Japan (about 93 metric
tonnes exported between 1970 and 1976). The price behaviour of exported

charcoal has bteen errztic since the 1970s, with a high point reached in

/1974

18/ Good charcoal is based upon its heating value (BTU) and
this varies tremendously between substances which can be carbonized.
See alsc B.H. Webb, op. cit.



1975 of about US$ 138 per tonne (f.o.b., Menila), which has drastically
19/

declined since.~ It should be mentioned that as economic development
progress in the member countries of the ESCAP region, there is a tendency
to move from agricultural and agro-industrial residues as a fuel to more
convenient fuel sources. The case of the Republic of Korea is typical.

A traditional fuel for cooking in the rural areas of that country was
rice husk. But with increased incomes, the demand for fossil-based cook-
ing fuels (kerosene, butane) has so increased that rice husk is currently
abandoned as a fuel source. It is unlikely that this situation can be
reversed, even with increased costs for fossil fuels, owing to the con-

venience of cooking that fossil fuel brings.

28. The aforementioned instances of traditional and current uses of
agricultural raw materials and fuels sources lack a considerable amount
of economic analysis. In essence, the economics of agricultural and
agro~industrial residues as fuel sources are not well researched. There
are, however, a few provocative examples of technologies which could be
used to transform agricultural residues into fuel sources which have
associated with them some economic analysis. The best example in this
category focuses on the manufacture of charcoal, oil and gas through
pyrolytic conversion by the thermal degradation of ligno-cellulosic
materials (rice hulls, bagasse, rice straw, etc.)gg/ An economic analy-
sis of the viability of using rice hulls as a supply source has been
carried out in the case of Indonesia.zl/ The primary reason behind

/selecting

19/ Data from The Philippine Coconut Industry, pamphlet prepared
by Market Promotions Division, Philippine Coconut Industry, no date,
p. 22. 1In 1976 the price of shell charcoal had declined to about
US$ 94 per tonne (f.o.b. Manila).

20/ See also B.H. Webb, op. cit.

21/ Pyrolytic Gonversion of Agricultural and Forestry Wastes
to Alternative Energy Sources in Indonesia; a Feasibility Study, Economic
Development Laboratory, EES, Georgia Institute of Technology, Atlants,
Ga. 30332; and Applying Pyrolytic Conversion to Indonesia, USAID/Indonesia
Science and Technology Office, Jakarta.
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selecting rice hulls as the input source 1s the large number of local

rice mills (some 1,444 large mills with a capacity of over one tonne per

day, and 28,059 small mills) which could effect a reasocnable supply of
22/

rice hulls for the conversion process.—

29. The estimated costs and returns of a moderately capital-
intensive pyrolytic conversion plant, which is used to capacity end which

has a dryer attached, 1s shown in table 4,

/Table {(‘o

22/ See Pyrolytic Conversion ..,., op. cit., annex II, table 1,
p. 11. The total amount of husks generated is 5.66 millfion metric
tonnes per annum in 1975,
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Table 4 ©Estimated cost and return of moderately capital-intensive
pyrolytic conversion plant with attached IRRI dryer

(Capacity: 0.25 tonnes charcoal and 0.15 tons oil per day)

Rupiahs U.S. dollars |
+
Capltal costs
Production components 800,000 1,951
Building and hall storage 250,000 610
Contingency 100,000 244
Working capital 250,000 610
Total capital costs 1,400,000 3,415
R EE==I sTETEN
Operating costs (per year)éj
Labour 420,000%/ | 1,024
Management overhead and maintenance 150,000 366
Debt service 253,400/ 618
Total operating cost 823,400 2,008
Estimated returns (per year)
Charcoal 450,000 1,098
Oils 237,600 579
Drying service 360,0002/ 878
Total estimated returns 1,047,600 2,555
Profit before taxes 224,200 547
(estimated returns-operating cost)

Source: Pyrolytic Conversion, op. cit., annex II, pp. 11-20

a/ Based, on a 150-day operation per year in order to follow normal
price mill operation in Indonesia.

b/ Three shifts of two persons per day paid at Rp 400 per day.

] Debt service includes both interest and principal for the total
capital requirements, based on a 10 year term at 12.57 annual
interest. rate.

d/ For drying wet paddy brought in by formers.

Note : The exchange rate used is 410 rupiahs per U.S. dollar.

/30.
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30, According to the estimates in table 4, the return on invest-
ment would be 16 per cent, with a payback time of some 6.25 years. 1In
this regard, a comparison between the returns om investment between
pyrolytic ccnversion plants and rice mills is quite favourable. That
18, for rice mills which produce one ton of rice husk per day, the
income is typically in the range of 400,000 to 600,000 rupiahs per year
(US$ 975 to 1,463) and the return on investment is approximately 15 to

16 per cent.

31. It should be noted that table 4 is based on certain underlying
assumptions. On the supply side, for instance, it is assumed that one
ton of hulls per day would be available for 150 days of operation, and
their cost and transport'cost would be zero. In effect this assumption
implies that the rice mill and the pyrolytic comversion plant would be
an integrated factory unit which provides milling services, drying ser-
vices and consumer products (charcoal and oils). If the integration is
not established the cost of operations would increase owing to increased
input costs (rice hulls) and revenue would be decreased owing to a lack
of demand for drying services which to be used must be located adjacent

to a rice mill,

32. From the demand side, the assumed price of charcoal is that of
the market price for loose charcoal (about 33 rupiah (US$ 0.8) per
kilogram) which 1s less suitable for cooking and heating than the higher
priced lump charcoal produced from a mound or kiln.zzl More important-
ly, there is a declining demand for charcoal in Indonesia, which would
mean a decrease in price overtime unless export potential of the product
is realized. The price of char oil is estimated to be proportionate

to its heating value relative to the heating value of its closest sub-

24/

stitute, kerosene.—

/Bowever,

23/ Loose charcoal is best used as a boiler fuel, but if go
used in Indonesia it must compete with domestic subsidized fuel oil.

24/  The char oil has a heating value equivalent to two
thirds that of kerosene. The price is thus estimated to be 10.56

rupiahs.
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iflowever, there are disadvantages in char oil which are not evident for
kerosene, that is, in its initially produced form char oil has a pungent
odour and 1g mildly corrosive. Moreover, new designs of lamps and
cooking stoves must be introduced to use char oil effectively. These
disadvantages will be likely to reduce the demand (and price) of char
0il below the equivalent heating value of its nearest substitute and
reduce returns in the e%ample of table 1. A market survey would there-
fore be a first step before undertaking investment in a pyfolytic

conversion plant.

B. "Residues as building materials

33. Agricultural and agro-industrial residues can be used for
various types of building materials. In this section focus is turned to
those residues for building materials and building material technologies
which are in progress or héve been developed to pilot-scale operation so
that an economic analysis can be made. Two technologies are, therefore,
considered: brick-making and particle board manufacture. The section

25/

will close by discussing the special case of coconut stem utilization,—

34. Rice husk ash has been tested for use with lime and cement for
26/

use in brick making.~— The compression strength of various rice husk

ash mixed bricks and their relative costs are given in table 5.

/Table 5

25/ The use of residues for paper making should also be feat-
ured in this section. However, very little economic information
concerning their use for this purpose is available. One report suggests
*hat bagasse can be mixed with other pulping materials at a cost above
thrat of waste paper by 52 per cent, but by 6 and 14 per cent below that
of short and long white pulp, respectively. (See Suchart Nak-on,
Specific Industrial Economics Report: Pulp and Paper Industry, Minis-
try of Industry, Thailand 1978). The problem of using bagasse as a
pulping material is its unavailability due to its use as fuel.

26/ The Forést Products Research and Industries Development
Commission (FORPRIDECOM) of the Philippines has tested Coconut Coir
Dust as a brick-making substitute. The prelimenary tests indicate
that there is a high positive correlation between maximum load and the
weight/volume ratio of coir-dust to the fabricated bricks (Personal
note, FORPRIDECOM, 1979).
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35, In terms of strength, it appears that rice husk ash could consti-
tute up to 60 per cent of the total aggregate mix to produce bricks that
would satisfy the requirements for nen load-bearing masonry. The require-
ments for load-bearing masonry could only be met after moist curing of

the brick beyond three days or under low-pressure steam curing. It is,
therefore, advised from the technical point of view, to use the rice husk
ash brick only for non load-bearing masonry.

36. The relative costs of the several rice husk ash mixtures in
comparison with a sand~cement mixture are also presented in table 6. The
data indicate that the more rice husk ash used in the mixture (at a cost
of 32 per cent less than the cost of ordinary cement based on 1976
Bangkok prices), the cheaper the cost of the brick. However, the more
rice husk ash used the less the compressive strength of the brick. All
bricks, after curing for 28 days, can pass the ASTM requirement for non
load-bearing maxonry, but only the 60 to 40 and 50 to 50 mixtures of
cement to rice husk can pass the non load-bearing masonry requirement
after seven days of drying. Finally, it should be noted thatvthe cement-
sand mixture used in the example gives a brick superilor to the specifica-
tiong of the rice husk ash brick and hence a brick more valued .than the
rice husk ash brick. These results suggeat that a greater amount of
economic analysis needs to be conducted before a conclusion is reached on
rice husk ash brick visbility. From the example in table 5, however, it
appears that a future conclusion may be that rice husk ash brick is only
economically viable for non load-bearing bricks.

(1) Particle boards

37. Many types of agricultural residues and two technologies can be
27/

used to make partiéle bbards. The common technology adbpbed is the

Juse of

27/ A special type of board using rice straw (18 per cent of
total production cost) as an input is knowm as "strawmit" compressed board.
One such factory has been established in Thailand since 1967, but due to
demand constraints it only functions at 28.9 per cent of capacity. The
high point in production was in 1974 (58,832 m?); the production in 1977
declined to 43,380 m2, The problems of the industry are unavailability of
raw material (rice straw having 20 per cent moisture content), and compe-
ting products. (See Laksana Tantiyamart, Special Industrial Economics
Report: Compressed Straw Industry, Ministry of Industry, Thailand, 1977).
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use of a binding resin to create the board. Rice husk particle boards
are often claimed to be superior to plywood and other wood-based and
residue-based particle boards as they are water-and termite-resistant
and are a fire retardant. They also have a higher teﬁsile strenéth {at
specific gravity of 0.60, 5/8 in thick) and are reported to be amenable
to all wood work processes such as sawing, nailing, drilling, and

acrewins.gg/
38. The rice husk particle board produced by the resin-binding pro~

cess 18 also claimed to make use of & simpler producticn preocess than
that for the-production of wood-based chip board, which decreases its
production cost by some 25 to 30 per cent. However, it is only the
"external grade" or "water-resistant” boards made from the high cost
phenol-formaldehyde resin which can be successfully combined with rice
husk. Even then it is claimed that the rice husk board is 15 to 20 per
cent cheaper than the "exterior grade” of wood-based particle btoards and
is competitive with the "interior grade". The investment on a 20 tonne
per day rice husk particle board factory is estimated to be US$ 2,06
mwillion in 1979 dollars, with an expected discounted rate of return on
investment of 25 per cent per year (payback period of 3% years with net
earnings of US$ 1,37 million in five yea:r:s).g-2

39. A second technology for using agricultural residues as building

materials is called the "thermodyn process” which can convert all vegetal

materials with iigneousband cellulosic components into floor tiles, wall~
/ board,

28/ A.A. Pablo and J.B. Sequerra, Development of Particle Board
in a Pilot-Plant and Commercial Scale Using Agricultural Wastes as the

Raw Materials (Undepithed Sugarcane Bagasse), FORPRIDECOM. In the series
of experiments of this study no board passed the tensile strength require-
ment set by the Australian Standard Specifications. No economic data are
available; although the study shows that the cost would be dependent on

(1) the cost of resin (which increases strength and reduces thickness swell
and water absorption properties) and on (1i) the cost of machinery to
further reduce the size and shape of the undepithed bagasse.

29/ A1l financial data are from Investment Prospectus for the
Establishment of a Rice Husk Board Manufacturing Plant (20 tons per day),:
Cortech wall-board Asia limited, Philippine Branch Office, Makati, Metro
Manila, 2 January 1979). )
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board, furniture and sanitary equipment. The technology claims to be not

based on synthetic bonding substances (resins).

"The originality of the invention lies in the discovery that
ligneous and cellulosic components, when processed without
bonding substances, in specially sealed molds, under high
pressures (250-300 kg/cmz) and high temperatures (140—180°C),
then cooled without releasing gases or pressure, would
polymerize in contact with carbenyle and resin components
existent in all vegetal material. Such components, due to
the ccmbined action of pressure and heat, become gaseous

and contribute to the molecular transformation in the course

of a chemical chain reaction taking place inside the molds.“ég[

There are two advantages of this process: (a) a possible reduction of
production costs for painting and lacquering by 35 per cent due to the
simultaneous decoration of the process and (b) a superior quality of
the finished product which 18 water-resistant (non-porous), practically
unbreakable, and exhibits relatively high screw pull extréction._

40, It 1s reported that the most profitable fabrications for the.
process are.pieces which are expensive because of the multiple operations
required or the sort of material used, such as decorated formwood or
particle panels with decorative revetment., It is claimed that the ther-
modyn pfoduct'would also be competitive with furniture (kitchen panels,
shelves, table tops, school desks, etc.). A market survey, however,
would be indispensable before investment as the aforementioned conditions
of profitability are based on European experience. The cost and profit

- margin of the technology would be dependent on such a market survey which
would also need to determine the agricultural raw material supply condi-
tions. A very skeétchy idea of the net profit margin for a factory work-

ing three shifts are given in one report to be approximately 20 per cent per

[annum

30/ This quotation and all financial data comes from Thermodyn
Process, rotech services, pte. ltd. unit, Singapore, Mimeograph dated 31
July 1979. :
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annum. The report goes on to say that "previous studies made indicate
that investments (approximately .75 million U.S. dollars) and operational
cash funds are totally reimbursed within three to five years, depending

31/

on the products and markets".=~' The impression is that these studies
were based upon factories which did not use widely scattered and bulky

agricultural raw materials as the production input.
(111) Coconut stem: A special case

41, In many of the coconut-growing countries, attention has recent-
ly turned to programmes for replanting schemes to replace the aged
coconut palm. The Philippines, for instance, has developed a programme
for implementation which would replant 60,000 ha of coconut land per
year. This in essence would mean some 143 million cubic feet of coconut
stems available for use per year, starting in 1980. For the South
Pacific countries, the extent of coconut resources (the over-mature
coconut tree) which could be used for stems is 31 per cent of the total

area planted in coconut palms (.46 million ha).ég/

42, In some Pacific island countries, coconut stems have been used
sporadically for construction purposes for years. However, with the
soon-to—be—implémented coconut replanting programmes, the contemporary
peried is the first time that a large volume of coconut stems have been
available for utilization. Given the newness of the product on the
market, it is rather difficult to determine how great demand for the pro-
duct and the amount of investment enterpreneurs are willing to undertake

33/

for producing and marketing coconut stem products.—~

/43.

31/ Thermodyn Process, op. cit., appendix.

32/ Data from Cook Islands, Fiji, Kiribati, New Caledonia, New
Hebrides, Niue, Solomon Islands, Tonga, Tuvalu and Samoa. See Coconut
Stem Utilization Seminar, Tonga, October 1976, Ministry of Foreign Affairs,
Wellington, New Zealand, 1-77, p. 13.

33/ Certain firms have been established for commercia. enter-
prises, probably the most notable of which is Cocostem Investigation Unit
(New Zealand) which specializes in parquet flooring from coconut wood.
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43. On the scientific side there is a wealth of information about
the structure and possible use of the coconut stem as a building mate-
rial.gﬁ/ For instance, it is well known that coconut has a demse outer
layer and a very much less dense core. Density 1s, moreover, different
at the same height from tree to tree in the same population. The wood
has very hard, thickwalled fibres and as a result soon blunts convent-
ional steel saws when sawmilled. The wood seems to be unusually hygro-
scopic, generally needs preservation treatment, and the core wood some-~
times suffers structural collapse. In terms of strength, the high-
density wood is very strong and does not suffer from degrading defects,
but the low-density wood is extremely weak, hence a separation of the two
woods 1s essential if the material is to be used for a designed struc-
ture. These structural properties of coconut wood suggest that process-
ing costs would be higher than woods currently in use. This implies that
coconut wood should be used as a substitute for expensive wood products
(parquet flooring) where maximum profit can be obtained. Besides
expensive wood products there are possibilities to use coconut wood for
poles and posts (when treated),ééj furniture, particle board,ég[ laminated
beams, charcoal, pulp and paper etc. So far no policy has evolved on the
use of coﬁonut stems, although alternatives are known. It would seem
that such indecision is occasioned by the 1little knowledge that exists
about the market conditions for a potentially inferior wood product which

has high processing costs.

44, There is much scope for reducing some of the uncertainty sur-
rounding the processing costs and use of coconut wood by improving stat-
istical records for the coconut resource, increasing experience in

/methods

34/ See Coconut Stem Utilization Seminar, op. cit.

35/ See E.P. Espiloy, "Coconut trunk for power and telecom-
munication poles”, FORPRIDECOM Technical Notes, No. 182, Llaguna,
Philippines.

36/ See A.A. Pablo, and others, "Coconut trunk and wood/
coconut trunk particle mixtures", NSDB Technology Journal, wvol. 1T, No.
2, Manila, Philippines.
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methods and means of planting and harvesting the logs, and investigating
market potential vis-a-vis the structural characteristics of the logs.
Without such knowledge, which would decrease the risk of utilizing
coconut stems, the stems may lie to rot after being felled, which would

increase the chances of pest infection of new plantations and decrease the

social benefits of replanting schemes.ézj

C. Residues as feedstuffs

45. Of the crop residues under review, virtually all are currently
being used as feedstuff or are currently undergoing investigation con-
cerning their potential utilization as an animal or poultry feed. In
this section a number of the crop residues which are considered non-
traditional feedstuffs and which have associated with them estimates of
their economic utility will be reviewed. These non-traditional feed-

stuffs include molasses-nitrogen mixturés, molasses-bagasse mixtures,

protein feed from cassava foliage, and feedstuffs from oil palm plmts.ﬁl
(a) Molasses-nitrogen mixture
46. Molasses has for years been used in small quantities as an addi-

tive in feedstuffs in order to increase feedstuff palatability. A novel
use of molasses, however, is to make {t the principal ingredient of a
feedstuff. One such feedstuff, designed for maximum molasses intake, is

'a low non~protein nigrogen liquid supplement composed, at the 12 per

cent crude protein equivalent, of 87 per cent molasses, 1.7 per cent
/urea,

37/ Much of the material for this section comes from Coconut
Stem Utilization Seminar, op. cit. and F.N. Tamolang, Utilization of

coconut timber paper presented at the Symposium on the occasion of the

U.P. Foresting Alumni Association's Annual Homecoming and Reunion on 13
April 1978, :

38/ The traditional feedstuffs such as rice bran and straw,
maize stalks, copra cake, sugarcane filter press mud, sugarcane tops,
cassava products and so forth are not covered in this section as they
are already being used by farmers as feedstuffs. A few residues, such
as rubber seed 01l cake and rubber factory affluents, have been fed to
non-monogastric animals, but have proved not to be very palatab.e or
otherwise unacceptable in their present form. Finally rice bran oil is

not discussed as no economic study on it as a product was found.
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urea, 1.5 per cent sodium chloride, 2 per cent diammonium phosphate, 0.5
per cent ammonium sulphate, a trace of vitamin A and D (premix) and 7.3

39/

per cent water.~~ The cost of the supplement would be based, in large
part, on the price of molasses. In areas where no market for molasses
exists, due to regulation or bottle-necks, the cost would be negligible.
For Pakistan's sugar refining areas, for instance, the cost of the afore-
mentioned feedstuff supplement would be PRs. 82.05 (US$ 8.26) per ton

(at zero price for molasses) which is much lower than other feedstuffs
having less protein content. With an increased price for molasses,
however, the price of the supplement would increase. If for example,

the cost of molasses rose in Pakistan to between PRs. 400 and 440 (USS$
40.28 and 44.31) per tonne the price of the supplement would rise to

approximately the cost of alternative feeds on a dry matter (DM) basis.ﬁg/

47, The economic use of a potential feed is more complicated than
comparing the cost of a feed to its immediate substitutes, although this
can give a first approximatetion of its economic use. Such use of poten-
tial feedstuff also depends on (i) its physiological effect on animals

or poultry (rate of digestible energy, toxic effects, etc.), (ii) its
market, (11i) the price of animal or poultry products, and (iv) weight
gain of the animal on the diet. A high diet of molasses, for instance,
must be accompanied by other foods or else depression of appetite is
likely to occur. Moreover, a high molasses diet may cause toxic effects.
It is essential, therefore, that good management must accompany high

molasses diets.

48. Three other problems constrain the use of residues such as
molasses as a feedstuff. It is unlikely that a residue can be trans-
ported for distances without unduly affecting the economic competitive-

/ness

39/ G.E. Lines, Z.0. Muller and H.L. Rollinson Sugar mill
feedlot producing premium beef for the Lahore market, working paper
for UNDP/FAQ0 Product Co-ordinated National Programme for Livestock and
Dairy Development, July 1979.

40/ The cost of the supplement when molasses in PRs 400 per
tonne is, for instance, PRs 504 (US$ 51) which compares unfavourably
with NH3 treated straw in the G.E. Lines, and others, study, op. cit.
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ness of its feedstuff product. This implies that a feedlot must be near-
by or must be coustructed near the source of the residue. A second
problem concerns the expected weight gain for animals or poultry in the
Asian and the Pacific region. Most scientific studies of weight gain to
date are based upon weight gains for temperate climates and for temper-
ate climate breeds. The evidence of weight gains from various feeds in
the tropical areas are scanty and are confined to only a small propor-
tion of the 1life-cycle of the animal or poultry.ﬂ/ This condition im-
plies that at least a pilot study must be conducted before investment in
a feedstuff enterprise is considered. Finally, many meat and egg markets
are government-controlled; these controls are generally set for consumers,
not producers, and tend to make enterpreneurs very conservative in their
behaviour in using new products. These basic conditions of non-
traditional feedstuff development apply to the other non-traditional
feedstuffs discussed in this section and will be re~emphasized at its

conclusion.

(b) Bagasse-molasses mixtures

49. Many studies have been completed on bagasse as & feedstuff. In
general bagasse can be used as a substitute for other roughage. In areas
where forages are short, coarsely ground bagasse has been used at levels
between 10 to 20 per cent with other feedstuff. For beef cattle, bagasse
pith which is composed of short fibres, has been used up to 27.5 per cent

/before

41/  R.I. Hutagalung, "Non-traditional feeding stuffs for live-
stock”, Symposium on Feedingstuffs for Livestock, 17-19 October 1977,
National University of Malaysia, Kuala Lumpur, Malaysia. On the find-
ings for residue feedstuffs for livestock, the author states, "most of
these data are from short-term feeding experiments, providing information
mainly only on proximate composition and the performance of animals at
the growing and finishing stage of their development, There is obvious-
ly a need to undertake life-cycle feeding studies to cover not only
weight gains and feed efficiency of the animals, but also the safety
evaluation of these (residue) feedingstuffs, in view of possible health
hazards from consuming the final products.” (p. 18)
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before cattle production declined. It has also been found that a

mixture of bagasse and molasses increases the palatability of the former;ﬁg/
One study recommends the use of a bagasse pith (treated with NH3) -

molasses mixture at the dry matter (DM) ratio of 62.3 to 21 per cent, the
remainder of the mixture being (in percentage) urea (1.47), DAP (0.49),

NaCl (0.49), limestone (0.34) and flowers of sulphur (0.15).£2j Table 6
presents data concerning comparisons between the treated bagasse pith

forage pellets and traditional roughage.

/Table 6

42/ Data taken from Bo Gohl, Tropical Feeds (FAO, Rome, 1975),

p. 444,

43/ Data from 2.0. Muller and D.R.L. Rollinson, "Production
of forage pellets from sugar mill by-products and wastes, working paper
for FAO/UNDP Project Co-ordinated National Programme for Livestock and
Dairy Development, July 1979. A second formula is also recommended
using a high quantity of bagasse pith treated with NH, on a DM basis.
That is treated pith 79.25 per cent with molasses (6.2), urea (0.98),
DAP (0.49), NACI (0.47), limestone (0.49) magnesium oxide (0.24),
flowers of sulphur (0.20).
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Table 6 Comparison of forage pellets
(treated bagasse pith and molasses mixture)
and traditional roughage

" Nutrients on DM basis Raw
material cost
Ttem Crude Net energy (Mcal/kg) PRs/ton (US$/ton)
Protein Maintenance | Location
Forage pellets 10.46 1.26 1.30 319.64 (32.19)
Maize?/ 5.90 1.26 1.32 -
Oat, hay 9.20 1.31 1.37 -
Sugarcane tops 6.50 - 1,27 1.29 -
(green)

Source: Z.0, ﬁuller, and D.H.L. Rollinson, "Production of forage
pellets from sugar mill by-products and wastes", (July 1979),
table 8.

Note : The exchange rate is PRs. 9.93 per one U.S. dollar. The costs
are in 1979 prices.

a/  Stover, sun-dried.

/50.
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50. The data in table 6 indicate that the forage pellets compare
favourably with other roughages in terms of nutrients on a DM basis.
Moreover, the cost of raw materials in Pakistan (1979) is only PRs.
319.64 (US$ 32.19) per tomne. It is recommended that the forage pellets
be sold for PRs 750 (US$ 75.53) per tonne, a figure derived from cost-
benefit studies of plant production. The recommended figure is claimed
to be cheaper than traditional forage and roughage in urban areas of Sind

province, Pakistan.

S1. To achieve economic viability, the forage pellets sh&uld be
produced at an integrated sugar mill and cattle feed manufacturing
complex. The estimated output of the plant would be 50 tonnes of forage
pellets per day which would need an initial investment of PRs 9.89 (US$
995,972) million. The internal return (based on a product sold at PRs
750 per tonne) would be 22.4 per cent and the payback period would be
5.8 years.ééj A basic problem is marketing of the pellets. The report
assumes that the market would be urban-based dairy colonies (lLandi
Pairy Colony near Karachi; a dairy colony near Hyderabad) and herds of
déiry cattle which are near urban centres. No formal marketing studies,
however, were made nor were pilot projects constructed to test potential

production problems or feeding problems to cattle,

(¢) Protein feed from cassava foliage

52, Harvesting cassava leaves to produce a protein feed has been
reported upon by several sources.ﬁéj The concern over cassava leaves as
a protein source comes from data which indicate that upon processing
(cooking, pressing and evaporation) cassava leaves produce a concentrate
containing 45 to 50 per cent protein. A very high protein meal can also
be produced which can be further processed through mixing the meal with
the liquid concentrate to produce animal feed which contains 29,25 to
32.5 per cent protein. The cost of the cassava foliage meal is estima-

ted to be US$ 150 per tonne (including administrative expenses and

/depreciation).

44/ A1l data from Z.0. Muller and D.H.L. Rollinson, op. cit.

45/ See B.H. Webb, and others, "Protein feed from cassava
foliage", paper presented at the Regional Conference on Technology for
Rural Development 24-29 April 1978, Kuala Lumpur, Malaysia and cited
references.
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depreciation)., It is estimated that om an accounting basis, & 2,800 ha
estate in Malaysia producing 31.5 tonnes of dried cassava forage per ha
per year would have a rate of return on investment,aftgr tax, of 21 per
cent., The investment would be about M$ 43 (US$ 19.54) million or M$

15,360 (US$ 6,982) per ha (19784271ces), which is about 1.55 times that

of 01l palm estate development.—— However, the breakeven point for
investment in the cassava forage estate is reached in 4.5 years rather

than 10 years, as is the case for an 0il palm estate.

(d) Palm oil by-products as feedstuffs

53. Several feeding trials have been conducted.ﬁzj using palm ocil

effluents and by-products for cattle or buffaloes. One report estimates
the economic potentialities of using a maximum eamount of palm oil
effluents and by~pr0dUCts.£§/ The feed formula and its reported live
weight gains are shown in table 7.

/Table 7

46/ This estimate would include costs for land, land develop-
ment, drainage, roads, buildings, processing plant, agricultural machinery,
services and development feeds. B.H. Webb, op. cit., table 10 and
financial appendices,

47/ One study reports on the use of processed palm oil sludge
{CENSOR process which mixes sludge with feed materials in a hot air
rotary dryer) for poultry feed. The average cost per kilo weight gain
was between M$ 1.38 and 1.45 (US$ 0.63 and 0,66) on the CENSOR diet while
the weight gain costs for commercial feed diet was M$ 1.60 (US$ 0.73).
Mortality and total weight gain for poultry on either diet was reported
to be similar. (See B,H. Webb, and others, "Palm oil mill waste recovery
as a by-product industry. Part 1 - mechanical aspects”, The Planter
(1975), 51 (588), pp. 86-101 and B.H. Webb, private papers).

48/  See R. Dalzell, "A case study on utilization of effluents
and by-products of palm oil production by cattle and buffaloes on an oil
palm estate"”, paper presented at the Symposium on Feedingstuff for Live-
stock, 17-19 October 1977, Naticnal University of Malaysia, Kuala Lumpur,
Malaysia.
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Table 7 Palm oil by-product feed formula, its effect on

live weight gain, and costs thereof

Average Average Cost/kg
live weight
daily gain daily intake
Ingredients as / (kg)e/ (kg)c/ gain
percentage dry matter— B)L 8L (M cents)—
Waste Press Salt st CE/ B C B c
wvater fibre
b/
85.0 14.0 1.0 ﬂ_O.ﬁ 0.2 |10.74 10.74 | 0.13 0.26
Source: R. Dalzell, "A case study oa utilization of effluents and by-
products of palm oil production by cattle and buffaloes on an
oil palm estate”, ¢op, ¢it. tables 7 and 11,

a/ Vitamins A and D added (1 gram).

b/ Using waste water of 75 per cent moisture content.

¢/ Plus grazing 3 hours daily.

d/ Cost of diet was M$§ 0.05 and the dailly cost was M$ 0.54 cents
(as of 10 October 1975) with no cost for waste water or press
fibre.

e/ B is buffalo and C 1s cattle,

154
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54, Table 7 indicates that a 99 per cent palm oil effluent and by-
product feed formula produces an average of 0.4 kg daily weight gain in
buffaloes at a cost of 0.13 Malaysian cents (US$ 0.6). Alternati?e
formulae giving similar weight gains (0.45 kg), compoaéﬁ of 69,5 per
cent palm oil residues, cost M$ 7.41 (US$ 3.37 f9/ No 111 effects were
found for the buffaloes or cattle, although a few general principles
were advocated to avoid problems: "It was apparent that the use of
press fibre at over 14 per qgnt of the dry matter composition of the
ration, when fed to animals in stalls, could lead to digestive upsets.
Wnen press fibre was used in conjunction with grazing, (and with it,
exercise of the animal) higher levels of up to 35 per cent press fibre
have caused no problems. When the use of palm oil by~products coﬁsti-
tutes a major portion of the animal's diet, fat (oil) ingested by the
animal reaches levels much higher than in conventional rations. This
high fat content probably limits the appetite level of the animal. This
higher level of fat can cause severe digestive upsets until the animal
has adapted to the ration. Where animals are to be confined, the intro-
ductory period for adaptation to the feed should extend up to 6 weeks.“ég/

55. The commercial potential of developing an oil palm effiuent and
by-product formula for cattle does not seem unreascnsble., It is asssumed
that a feedlot adjacent to a 30itonne per hour oil mill and.obtaining
palm oil residues free could obtain an annual accounting income, in
excess of costs,of M$ 360,260 (US$ 163,754). The herd size should be
2,260 cattle and the formula would be the omne ﬁsed in table 8;2;! The
constraints in such a commercial enterprise are (1) producing a palp oil
effluent which has a moisture content of 75 per cemt or less, (1ii)
supplies of suitaBle animals and (iii)'marketskég/

]56.

49/ Ibid., tables 7 and 1l1. The exchange rate 1s M$ 2.2
: per one U.,S5. dollar.

50/ Ibid., pp. 17 and 18.
51/ Ibid., part V, "commercial potential."
52/ Ibid., p. 18,
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56. Two observations can be made concerning the use of residues as
feedstuffs. In all examples in this section, a clear problem has been
in the marketing of the feedstuff product. In the Asian and the Pacific
region, there is no doubt that the demand for cattle, swine and poultry
products is increasing and consequently that for feedstuff is increas-
ing. These increases are related to two tactors: population increase
and increase in per capita incomes. The combined increase in population
and effective demand, however, is thought to be more than the increase

in supply of livestock or poultry products.éé/

In effect, an increased
rate of the supply of livestock or poultry products is called for.
However, there are two constraints to increases in cattle, swine or
poultry supply (i) feedstuffs and (1i) the current composition of herds
or poultry production, but as noted in this section, feedstuff is avail-~
able from relatively cheap non-traditional materials. A more important
constraint on livestock and poultry development is due to the fact that
in most countries of Asia and the Pacific, livestock and poultry are a
small farmer's business. Little centralization of herds of cattle in
large feedlots has occurred. Poultry and swine management in south-east
Agia 1s currently going through a period of centralization but no else-
where in the region. The lack of centralization in livestock and
poultry constrains the use of traditional feedstuff, in general, and

the development of non-traditional feedstuff in particular, It is then
not the aggregate demand which is important for non-traditional feed
stock product, but the fact that supply is limited owing to the relative-
ly small structure of the existing herds.

57. From the production side, in all examples in this section, the
ex-factory cost of the non-traditional feedstuff is very low. The
reason for this being so is due to the assumption that residues are free
of cost; more importantly the assumption is that transport cost of the
residues is negligible., These two assumptions imply that the residue
producing factory and the residue-utilizing plant are industrially
integrated. In many of the examples, a prime assumption is that the

/industrially

53/ T. Haseyma, "Demand for livestock products in Asian
countries", Livestock Products in Asian Context of Agricultural Diversi-
fication, Asian Productivity Organization, Tokyo, 1976, pp. 31-33 and
table 5.
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industrially Integrated factory also has attached a livestock or poultry
rearing enterprise, This attachment also offsets transport cost and, in
an accounting sense and perhaps in an economic sense, lowers the cost of

livestock or poultry production. .

58. It should be mentfoned that the examples cited above are very
1imited, and should not be taken as & final judgement on residue utili-
zation as feedstuffs. They do, however, point out thet serious consi-
deration must be given to marketing of the feedstuff product in the
Asian and the Pacific area and in the system of production in order to
assure economic viability of the enterprise.

D. Residues as fertilizers

59. The tradition in the Asia and the Paﬁific region is to use
organic residues ags fertilizers. Rice straw, maize stalk end cassava
residue are ploughed back into the soil as a normal practice. However,
in many countries of Asia and the Pacific vegetative matter has a
competing use as a fodder which reduces its usc as a fertilizer, There
are also several comstraints on the use of vegetative matter as a ferti-
lizer apart from its compegz;ive uses. One FAO/ESCAP report fidentified

some of these constraints.

"It appears that there are four basic problems to the use of
rural wastes as fertilizers. The first is the current unavailability of
the material due to its use in a substitutable form or the present lack
of centralized stable facilities making collection inconvenient. Second,
there is a clear lack of knowledge about the proper and potential use of
organic matter amohg farmers. Third is the great amount of labour
reflected in high labour cost which must be utilized in order to collect,

.apply or convert the organic material into a more efficient form.

Finally there is also a high cost involved in using land in arn alterna- -
tive form (green manure and legume crop production) other than for

commercial crops.”

/60.

54/ "Mission report: Organic matter from a socio-Economic
perspective’, FAO/ESCAP Workshop on Organic Materials as Fertilizers in
Asia, 26 Oct.~5 Nov. 1976, pp. 11-11
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60. Nonetheless, it has been pointed out that using v