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ABSTRACY

This report is in two parts: a concise state-of-the-art overview
of recycling from nunicipal refuse, focusing on techniques and conditions
germane to developing countries; and an annotated bibliography with
abstracts of wmove than 200 published references oun recycling, It was
prepared as part of a global research, development and demonstration effort
of the United Natious Development Programme and the World Bank.

Recycling 1s used in its broadest sense, encompassing the full
range of resource recovery and reuse techniques, including repair, remanu-
facture, materials recovery and energy conversion of refuse materials,
broken machine parts, and discarded consumer products. The philosophy
behind the report is that some of the value added from production activi-
ties, such as agriculture, wmining and manufacture, is retained when a
"waste” is recycled. Thus, through recycling, more sustainable economies,
for couniries and cities, are achievable.

The state-of-the-art overview contains numerous case examples of
recycling efforts throughout the world. It provides insight into the
informal network of relationships and incentives that affect recycling.
Techniques of recycling are arrayed, focusing on those of limited mechani-
zation that better meet the needs for job development and constraints on
foreign exchange in developing countries. Strategies which several
countries have used to encourage recycling are highlighted, showing the
aneeds for public education and government support in linking macroeconomic
benefits and microeconomic costs.

The aunnotated bibliography, with selections from a world wide
search in which several thousand documents were collected and reviewed,
covers a wide spectrum of published references providing technical, econo-
mic, institutional, environmental and cultural information about recyecling.
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CONDENSE

Le présent rapport comprend deux parties : un examen concis
de la situation actuelle du recyclage des déchets urbains, principalement
les techniques et la gituation dans les pays en développement, et une
bibliographie annotée portant sur plus de 200 ouvrages de référence sur le
recyclage qui ont été publiés. Il a été préparé dans le cadre d'un effort
global de recherche, de développement et de démonatration auquel ont
participé le Programme des Nations Unies pour le développement et la
Banque mondiale.

le terme recyclage est ici utilisé dans son sens le plus
large, et recouvre toute la gamme des techniques de recouvrement et
de réutilisation dés ressources, notamment réparation, réfection,
recouvrement de matériaux et conversion pour produire de l'énergie,
portant sur les déchets, piéces d'outillage cassées et produits de
consommation jetés., L'idée directrice du rapport est qu'une partie
de la valeur ajoutée par les activités de production telles que
1'agriculture, l'extraction miniére et la fabrication, est conservée
lorsqu'il y a recyclage d'un "déchet'". En conséquence, le recyclage
des déchets devrait permettre aux pays et aux agglomérations urbaines

de mieux soutenir le niveau de développement économique atteint.

L'analyse de la situation actuelle contient de nombreux cas
de recyclage pris dans le monde entier et examine le réseau informel
de relations et de motivations affectant le recyclage. Les différentes
techniques de recyclage sont présentées, particuliérement celles qui
s'appuient sur une mécanisation réduite et qui par conséquent favorisent
particuliérement la création d'emplois et ne font pas beaucoup appel aux
ressources en devises limitées des pays en développement. Le document
présente les stratégies utilisées par plusieurs pays pour encourager le
recyclage en mettant 1l'accent sur le soutien indispensable du Gouvernement
et sur l'éducaticn de la population dans les efforts déployés pour lier
les avantages macroéconomiques et les coiits microéconomiques.

La bibliographie annotée, choisie parmi plusieurs milliers
de documents rassemblés dans le monde entier, couvre une gamme étendue
d'ouvragec de référence publiés et fournissant des renseignements
techniques, économiques, institutionnels, écologiques et culturels sur
le recyclage.
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EXTRACTO

Este informe consta de dos partes: wuna resefia concisa de la
tecnologia actual del reciclaje de los desechos municipales, que se
concentra en las técnicas y condiciones propias de los paises en
desarrollo, y una bibliografia comentada, con extractos de mas de 200
publicaciones sobre reciclaje. Fue preparado como parte de un trabajo
global de investigacion, desarrollo y demostracidn del Programa de las
Naciones Unidas para el Desarrollo y el Banco Mundial.

El término reciclaje se emplea en su sentido mas amplio, que
comprende toda la gama de las técnicas de recuperacién y reuso de
recurgos, incluso la reparacidn, remanufactura, recuperacion de materiales
y conversion de energia de materiales de desecho, piezas de miquina rotas
y productos de consumo desechados. La idea que hay detrids de este informe
es que parte del valor agregado en actividades como la agricultura,
mineria y manufactura se retiene cuando se recicla un "desecho". Por lo
tanto, mediante el reciclaje los paises y ciudades pueden lograr economias
mas sostenibles.

La resefia contiene numerosos ejemplos de reciclaje en todo el
mundo. Permite discernir la red informal de relaciones e incentivos que
afectan al reciclaje. Las técnicas de reciclaje se presentan en cierto
orden, poniendo de relieve las de mecanizacidn limitada que mejor se
adaptan a las necesidades de los paises en desarrollo en lo que respecta a
la generacidn de empleos y las limitaciones de las divisas. Se destacan
las estrategias que varios paises ya han usado para fomentar el reciclaje
y se demuestra que para vincular los beneficios macroecondmicos con los
costos microecondmicos se necesitan la educacidon publica y el apoyo del
gobierno.

La bibliografia comentada --que contiene selecciones efectuadas
después de haber reunido y examinado varios miles de documentos yue se
buscaron en el munto entero-~ comprende una amplia gama de referencias
publicadas que ofrecen informacidn técnica, econdmica, institucional,
ambiental y cultural sobre el reciclaje.
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FOREWORD

There 1s increasing recognition in both developing and industrial
countries of the need for technical and economic efficiency in allocation and
utilization of resources. A World Bank Report has been directed to this end,
within a study on Appropriate Technology for Water Supply and Waste
Disposal. As part of the United Nations International Drinking Water Supply
and Sanitation Decade, it was concluded that research and development in
integrated systems for recovery and utilizaktion of household and community
wastes should be conducted.

In 1981, a three year global research and development project on
integrated resource recovery (GLO/80/004) was undertaken by the World Bank as
executing agency for the UNDP-United Nations Development Programme (DGIP).
Project goals are to achieve economic and environmental benefits through
sustainable resource recovery and utilization projects and programs in
developing countries. Liquid and solid wastes from municipal, commercial and
agricultural sources and their recycling are within the scope of the
project.

Sustainability in waste management systems depends upon a number of
important policy, technical and economic interrelationships. These
interrelationships are particularly important in integrated resource
recovery., The project was conceived and initiated by John M. Kalbermatten.
Senior Adviser, Water and Wastes. The objective of the series is to provide
governments, development agencles, consultants and others with Iinformation
necessary for waste management policy development and implementation. This
document summarizes the state-of-the-art of resource recovery applicable to
cities in developing countries as reported in the literature, mostly in
English, up to the early 1980's.

We would like to express our sincere thanks to Charles G. Gunnerson
whese efforts led to this report and the others that will be pubiished. Your
comments on this report would be especially welcomed.
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PREFACE

This is the flret in a serics of reports being prepared by the
Resource Recovery Project. It is part of a global effort to realize the
goal of the United Nations International Drinking Water and Sanitatfon
Supply Decade, which iz to extend domestic and community water supply end
sanitation services throughout the developing world during 1981 to 1990.

The Regource Recovery Project was conceived and initfated by John
M. Kalbermatten, Senlor Advisor, Water and Wastes, and recelved executive
and administrative support from Christopher R. Willoughby, BDirector,
Trangportation and Water Depariment, World Bank; and fipancial support from
the United Natious Development Programme, Global and Interregional Projects
Division, William R, Mashler, Senler Director,

The project objective is to encourage resource recovery as a
means of offsetting some of the coste of community sanitation, This report
and the annotated bibliography which follows focus on municipal refuse and
its recycling potential. The bibliography includes documentation published
mostly in English through 198l. Readers are referred to the publications
and regularly scheduled specialty conferences iisted in Aanex I for more
recent bibliographic documentation,
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interlibrary loan; and David Bardaglio and Belinda Watts, Institute for
Local Self-Reliance, also retrieved documents and provided report
production support.
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PARTY 1. STATE-OF-THRE-ART REVIEW
RECYCLING FROM MUNICIPAL REFUSE

Introduction

Municipal refuse contains inherent values. Recycling provides an
opportunity to recover some of these values in municipal refuse,
particularly in the form of long-term energy and resource savings. For
the purposes of this report, the term recycling is used in its broadest
gsense, encompassing the full range of resource recovery and reuse
techniques, which include repair, remanufacture, and conversion of
materials, parts and products,

The esaentlial reason for recycling is that some of the value added
through production activities such as agriculture, mining and manufacture
is retsined., And thus, through recycling, more sustainable economies,
for countries and cities, are achievable. ,

A key to increasing the extent of recycling is to acknowledge and
assess long-term savings. Costs ordinarily accrue to different sectors
than those receiving benefits, and over different time spans. Therefore,
economic strategles are needed to translate the more wmacroeconomic
benefits into short-term direct profits for communities, entrepeneurs,
residents and workers who actually r=rform the work of recovering and
reusing wastes,

In this report, poteutial benefits from recycling wastes are
summarized. Furthermore, prominent reasons why recycling 18 not
practiced to its fullest potential are discussed., The report outlines
methods of recycling which are being used, concentrating on those which
are readily applicable in developing countries.

Purther details on recycling techniques are provided in the
references and the accompanying bibliography. Perhaps more importantly,
strategies which have been implemented in several developing countries to
overcome cultural, economic and institutional barriers to recycling are
discussed. :

The focus of this report is municipal refuse, and the formal and
informal institutions involved in reecycling. Included in municipal
refuse are solid wastes from households, commercial establishments,

wmarkets, industries, institutions, and etreets., Refuse composition is a
function of levels of consumption, which are related to overall economic
levels, Table 1 indicates how paper, metal, organic matter, etc.,




Table 1

PATTERNS OF MUNICIPAL REFUSE QUANTITIES AND CHARACTERISTICS
FOR LOW, MIDDLE AND UPPER INCOME COUNTRIES

Low-Incomne Middle~Income Industrialized
Countriesa Countriesdb Countries
Waste Generation
{kg/cap/day) 0.4 to 0.6 0.5 to 0.9 0.7 to 1.8

Waste Densities
(wet weight basis~— 250 to 500 170 to 330 100 to 200
kg/cubic meter)

Moisture Content
(% wet weight at 40 to 80 40 to 60 20 to 40
point of generation)

Composeition
(%Z by wet weight)

Paper 1 to 10 15 to 40 15 to 50
Glass, Ceramics 1 to 10 1 to 10 4 to 12
Metals 1 to 5 1 to5 3 to 13
Plastics 1to5 2 to 6 2 to 10
Leather, Rubber 1l to5 - -
Wood, Bones, Straw l to5 - -
Textiles lto5 2 to 10 2 to 10
Vegetable/Putrescible 40 to 85 20 to 65 20 to 50¢
Miscellaneous inerts 1 to 40 1 to 30 1 te 20

Particle Size, % greater

than 50 mm 5 to 35 - 10 to 85

a Includes countries having an annual per capita income of less than

US$360 in 1978.

b Includes countries having an annual per capita income of more than
U88360 and less than US$3,500 in 1978,
¢ This may be reduced in areas with household or commercial garbage

grinders which discharge to sewers.

-




contents vary in cities of low-income, middle-inccme, and industrial
countries.

A material becomes a waste when the owner or generator of a material
discards it without expecting to be compensated for its inherent value.
Most municipalities consider wastes to be thelr responsibility (and with-
in their domain of “ownership”) only after they have been placed on the
curb or street for municipal collection and disposal.

Municipal solid waste recycling activities contend with mixtures of
materials. The more a waste is mixed with others from various sources of
generation, the more difficult it is to recover for reuse. There are a
tumber of points in the waste management system, between initial waste
discharge and ultimate waste disposal, where recycling can occur.
Generally, the nearer to the origin of the waste that recovery occurs,
the less sorting and processing will be needed before the material can bhe
recycled.

Incentives for Recycling

Recycling both conserves and uses energy, materials and products.
If it conserves more than it uses, it may save material, money, and en-
viromentsl degradation, In the prceess, it may also reduce dependence on
foreign imports, create employment and small scale enterprises, and build
up skills of industrialization through repair and remanufacturing.

Energy savings occur from the recycling of metals., For example,
producing copper from already segregated scrap metal requires only about
one~tenth the energy required for production from virgin cooper ore.(70)
Recycling magnesium results in a 97 percent energy savings, and recycling
aluminum results in a 96 percent energy savings.(32) Using scrap instead
of iron ore to make new steel means a 74 percent energy savings.{(33)
This 1s equivalent to estimated energy savings of about 350 x 10° BTU per
ton (95 x 100 kcal/tonne) of recycled magnesium, 250 x 109 BTU per ton
(60 x 109 kcal/tonne) of recycled aluminum, and 200 x 106 BTU per ton (55
x 108 kcal/tonne) of recycled steel.

Similarly, energy 1s saved when paper, glass and rubber are
recycled. Recycling of office~grade paper, for example, has been shown
to result in an energy savings of 26 x 10° BTU per ton (7 x 106 kcal/-
tonne), over production from virgin wood materials.(32) The U.S. Glass
Packaging Institute notes that roughly a 1/Z percent savings in energy




accrues fr~m every 1 percent of cullet (broken glass) above 15
percent.{5) To produce a pound of virgin rubber, 31.4 x 106 BTU per ton
(8 x 10 kcal/tonne) are required; while that expended to produce
recycled rubber is only 9.2 x 10® BTU per ton (2.5 x 10® kcal/tonne), am
energy savings potential of over 70%. Furthermore, much less energy is
required to manufacture a product from recycled versus virgin rubber,
gometimes as little as 60% of the energy required for virgin rubber.(33)

Grandjean estimated energy savings from the existing recycling of
municipal refuse of two main Colombian cities--Medellin and ‘logota.(36)
Extrapolating from his estimates, and assuming comparable waste
generation and waste rvecovery rates for all of Colombia's wurban
population, an estimated 2.4 x 109 kilowatt hours of energy grobably was
saved in 1980. This total was equivalent to about l.4 x 107 barrels of
oil, or 19 percent of Colombila's petroleum imports.(30, 31)

These examples indlcate that the energy equivalent of recyclable
materials could be far greater than potential energy generated from the
conversion of solid wastes by incineration, refuse derived fuel,
pyrolysis or anaevobic digestiun technologies. It has been estimated
that converting refuse to energy in Germany, France, Great Britain and
Italy could offset only 1 to 2 percent of their national electriecity
demands.

Product recycling yields the highest potential energy savings.
Overby (56) reports from a number of sources on the potential for saving
energy through reconditioning and remanufacturing goods (which involves
centralized disassembly, inspection, restoration or replacement of worn
components, reassembly, testing and dist.ibution of durabl: products).
For example, original manufacture of a new automobile engine requires
about 13 x 100 BTU (4 x 106 kcal), of which 35% can be retained bg
remanufacturing. Similarly, he estimates that 65 x 1012 BTU (16 x 10l
kecal) could have been saved in the United States in 1973 if all tires had
been recapped once, which i{s roughly equivalent to 160 x 108 barrels of
petroleunm.,

Recycling also conserves water resources. For example, nationwide
implementation of reuseable beverage containers in the United States
could reduce use of process-water for glass manufacture by 44 percent.
(14) Use of steel scrap instead of virgim iron ore can reduce water use
in steel-making by 40%, as well as reduce resulting water wollutants
discharged by 76%.(33)




Some recycling is stimulated by environmental concerns, as well as
market demand for recoverable resources. For example, a plant converting
solid waste to energy in Nancy, France, 1s removing polyvinylchloride
from plastlc bottles prior to combustion, In order to limit chlorine
emission from the stack as well as recover plastics.

Dependence on chemical fertilizers, which are petroleum~derived and
commonly imported by developing countries, could be reduced through re-
¢yeling and reuse of organic wastes as organic fertilizers. Solid wastes
containing appreclable portions of organic matte- are converted to or—
ganlc fertilizers through techniques such as composting and anaerobic di-
gestion. The latter technique also produces a useable, medium BTU gas
(biogas).

Compost does not approach the nutrient value of chemical fertilizer
by weight. However, unlike chemical fertilizers, which ordinarily dis-
solve readily and are easily leached away from plant root zones, organic
fertilizers hold theilr nutrients in colloidal forms which slowly release
as the organics decompose in the so0il.(65, 24, 39) Furthermore, there
are traces of minerals in compost which provide micro-nutrients to
crops. Researchers in China report that as compost 1is increasingly
applied, enzymes such as urease and proteinase become more active. This
results in a higher rate of mineralization of nitrogencus cowmpounds and
an increase in the overall supply of nitrogen to the crop.(13)

Studies on refuse-derived compost indicate other potential resource
conservation benefits: erosion control, soil moisture retention, soil
density improvements, increased ion-exchange capacity, and trace wineral
availability.(79,81) These are in addition to the primary fertilizer
effect of nitrogen and phosphorus in compost. Field experiments thrcecugh-
out China demonstrate that application of 500 kg/ha of refuse-derived
compost Iacreases rice grain production by 25 to 50 kg/ha. The Chinese
typically apply 60 to 70 tons of compost per hectare of rice paddy during
land preparation before planting, and usually there are two crops and re-
lated planting periods per year.(l3)

Shredded paper wastes have been used successfully as soil mulch.(65)
Soil mulching, whereby organic matter is spread on top of the soil around
plants, limits soil erosion, suppresses weed growth, buffers against tem
perature fluctuations, and limits evaporation of scil moisture.




In Rome, since 1964, recycling has been a daily city-wide endeavor.
Depending upon market demands, various amounts of paper, ferrous metal,
plastic, organic matter as animal feed, organic matter as compost, and
energy through incineration are recovered from refuse. The estimated
annual benefits include: saving over 400,000 trees, amending 60,000 acres
of agricultural land, and saving over 30,000 tons of fuel.(12)

Reeycling results 1n fewer 80lid wastes requiring ultimate
disposals In China, the Shanghai Donghai 0il and Chemical Recycling
Works has diverted over 2 million tons of liquid and solid industrial
(and sometimes hazardous) wastes from landfill since 1958. Much of this
has been accomplished through an active waste exchange program; i.e.,
spent acids from one industry are recoverd and used as feedstock in
another findustry.(51) Furthermore, the Shanghai Materials Recovery and
Utilization Company has, since 1957, retrieved more than 20 million tons
of waste metal, paper, cloth, plastics, rubber, etc.(50)

Constraints to Recycling

With such worthy benefits as those noted above, it is appropriate to
ask why recycling is not more widely practiced.

As discussed below, whether recycling is practiced at the source
depends on whether the original owmer feels it is convenlent and/or
economically worthwhile. Thereafter, people performing the various sieps
of retrieval, sorting, recovery and reuse must receive enough tangible
benefit to compensate them for their time and effort,

When the owner of a material discards it as a waste, he ordinarily
has little incentive to prepare it so that others can recycle its
contents. Iinless the owner derives comensation or is otherwise induced
for the time and effort involved in keeping recyclable materials
segregated, some or all of these materials may be contaminated or damaged
beyond recovery.

Another point 18 that the value of waste tends to increase uas the
income level of the population does. 1In Cairo in 1982, for example, the
totai resource value of household waste ranged from a high of LE 5.23/ton
($7.47/ton) for wupper income residents and a low of LE 1.86/ton
($2.66/ton) for low income residents.(54) At the same time, as income
level increases a higher value usually is placed on leisure time. Thus,
more compensation is required to help convince people that it is worth
their time and effort to continue to recycle as their incomes rise.




Julius (44) postulates that one way to increase recycling by higher-
income populations 18 through public education programs that stress the
benefits of recycling and by enhancing the access to scavengers of
materials discarded by these populations.

Money is not the only means of motivating people to recycle. Some-
times, good will towards one's neighbor i{s enough of an incentive. 1In
Sri Lanka, for example, wealthler residents actively separate coconut
shells from their other wastes in order to donate these shells to their
launderers who use them as char in the irons.(15) In the United States,
the recycling activities of Goodwill Industries, St. Vincent de Paul, the
Salvation Army and others rely on good will to motivate people to donate
their used goods for others to reuse,

In much the same manner that recycling is encouraged when people are
compensated for ccooperating with the process, recycling is discouraged by
perceived costs of inconvenlence tc the waste generator or owner., If,
for example, collection of recyclables occurs at irregular and infrequent
intervals, the owner may choose disposal over storage. Furthermore,
owners may not wish to he bothered with visits by various buyers or their
agents,

Traditional attitudes toward scavengers influence whether there is
an antagonistic environment for recycling. In large part, these stem
from the social atigma typically apolied towards those who handle
wastes.(61l) This can be exacerbated when the scavenging population is
composed largely of religious or ethnic minorities, low castes, or rural
immigrants.

When citizens perceive wastes as recyclzble materials, attitudes
toward scavengers could change. In Manila, Philippines, a pilot re-
cycling program was estahlished and supported by a wide-spread public
information campaign. The program trained workers (called ECO-AIDES) and
provided them with clean attractive uniforms emblazoned with the message:
“pera sa basura” (money from refuse), To some extent, the social stigma
toward house-to~house scavengers appears to have lessened.(l17)

Another factor contributing to lack of recycling is poor documenta-
tion of the full costs of safe, environmentally acceptable solid waste
disposal -- particularly 1in developing countries where unregulated open
dumping prevails as the means of disposal at what appears to be little or
no c¢ost, because there 18 no accounting for the adverse social,
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environmental and health effects that occur, Furthermore, 1in
industrialized countries, there is seldom a full cost accounting of
landfill disposal costs, particularly life-cycle economics that take into
account landfill closure and monitoring expenses.

Retrieval Systems

There are several points within a solid waste management system
where wastes can be retrieved for purposes of recycling. The first of
these 1s at the agource, the place of waste generation and initial
ownership. A second is at the designated place of waste pickup, such as
along the curb. A third is within the refuse collection and transport
vehicle. A fourth is at an interim transfer station or waste processing
facflity. And the fifth 18 at the ultimate disposal site.

At the source, the owner of the waste has three options: (a) to
deliver it to a redemption or purchasing center or sell it directly to a
buyer, (b) to allow others to retrieve the waste and be responsible for
recycling it, or {c) to have it be collected for disposal.

In Colombo, Sri Lanka, the Natioual Paper Corporation publishes a
price 1list for waste paper.(l15) The 1list tells residents how wmuch
compensation they will receive if they bring their waste paper directly
to the Corporation's redemption centers, and indicates fair buying prices
they can expect to recelve from neighborhood agents collecting
door-to-door,

To encourage retrieval at the sczurce, a number of industrialized
countries rely on mini-redemption centers strategically placed for
convenience, Commonly, this involves a portable metal container placed
in a shopping area. The site is generally not manned, and the residents
are not compensated for bringing materials to be recycled, Cooperation
relies on public awareness of the resource conservation derived from
recycling and the savings based on diminishing landfill requirements., In
Germany, there 1s approximately one contalner provided to every 5,000
residents for glass recycling. Highest returns of used glass are
obtained where the containers are located at central supermarkets.(67)

When the owner of a waste allows others to collect and recycle it,
the service may be informal or formal., The informal system operates when
individual scavengers walk through neighborhoods and pick through
discarded wastes awaiting formal collection, In most cities within
developing countries, this occure to some extent; and is usually




evident in the early morning in high-income residential neighborhoods.
While not encouraged, it generally 1is tolerated if the scavengers leave
the piles and contalners of discarded wastes in the same general
condition as when they fouad then.

Commonly, the informal system 1s based or a network of buyers and
their appointed neighborhood agents. Typically, the buyers and agents
specialize 1in only one or just a few categories of materials (e.g.,
paper, bottles, cans) and have an established rapport with residents to
service their neighborhoods on a falrly regular basis, using carts and
blcycles for transportation.

In some cases, the informal system has even more tiers than this.
In Istanbul, Turkey, there are scavengers who collect from door-to-~door
using handcarts; they sell to collectors who then transport it to
merchants who operate sorting yards; if the merchants have transport,
they sell direct to the user factories; otherwilse, other merchants with
transport buy it and sell it to the user factories,.(57)

Cairo, Egypt, has a private sector system for collecting refuse for
purposes of recovery and reuse. There, through indirect negotiation and
contracts with original owners of individual buildings, organized
communities of Zabbaleen, most of which are Coptic Christians, have the
gsole rights to collect and reuse wastes from these establishments.(53)
A major portion of the city's refuse is collected by the Zabbaleen, with
service provided primarily to high—income and middle-incomz establish-
ments.(35) Each day, Zabbaleen heads-of-household, usually with their
eldest sons, go to their service areas to collect wastes. The full
carts are brought home, emptied into their small court-yard, and the
wastes sorted by the women and younger children of the family. Edible
wastes are fed to pigs raised by the family, and materials are sold to
dealers, Zabbaleen families are strongly tled to their dealers, as the
dealers often provide advance cash when needed.(45)

Sweepers 1n Kathmandu, Nepal, are privately engaged by residents to
clean courtyards, etc., within and between homes. The edible portion of
the wastes collected 1s fed to pigs, and the pig manure is sold to
farmers. Scavengers work door-to-door in the wealthier neightorhoods of
Kathmandu, returning home with a full cart for the women and children to
sort into piles of materials and edibles. There is a close relationship
between scavengers and ealers (kabaris), since scavengers are usually
provided free housing by the dealers.(59) The recycling systems of most
cities in developing countries are characterized by strong informal
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networks.(17) Lomnitz (48) has written a comprehensive and engaging book
on the informal networks of the Mexico City recycling system, which has
its roots in certain shanty—-town communities.

Driven by the increasing amount of refuse and the decreasing avail-
abliity of land for waste disposal, some communities in industrialized
countries are returning to separate collection systems for wastes which
can be recycled, as part of their refuse collection system. In Islip,
New York, USA, cne day a week is set aside for the collection of re-
cyclables such as paper, cans and bottles. Residents are required to
sort and c¢lean these materials and place them outside for collection.(55)
Prison labor (non-violent offenders) is used to perform the final sorting
and grading at the Islip redemption center.(20) The use of prison labor
in recycling is not new, In 1915, the Chicago Salvage System uscd
prisoners to sort and repalr goods collected from public buildings.(64)

Simultaneous collection of refuse and presorted recyciable materials
is being implemented using a number of techniques, including compartment-
alized vehicles, racks built onto vehicles, trailers, and bags.(70) Open
trailers hitched to refuse collectioa trucks ineur 1little additional
cost, but do reduce truck maneuverability.(5) Bags and baskets are most
often used in developing countries, as noted in Colombo, Sri Lanka;
Manila, Philippines; and Bangkok, Thailand.(l5, 16, 72) Bags can even be
used in conjunction with compaction-type refuse collection vehicles,
Tests in Modesto, California, USA, showed that 70% of the color~coded
bags containing dense recyclable material, when placed on one side of the
hopper of a rear~loading compaction truck during refuse collection, were
later retrieved unbroken.(19) Note, however, that compaction vehicles
are generally irappropriate in developirg countries; because the un—
compacted density of the refuse in developing countries is usually as
much or greater than the compacted density of refuse in industrialized
countries where the vehicles are designed and manufactured.(16)

Speclally designed vehicles are being built and tested for simulta—
neous collection of refuse and presorted recyclables.(21, 37) A USA
version, known as the Separate Discards Carrier, has compartmentalized
concainers for glass, cans, newspapers, and refuse The glass and cans
are contained in bins, the newspapers on shelves, and the refuse in a
compaction chamber.
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Wastes may Le retrieved for recycling by collection crews.(l5, 16,
17, 72) Collection crews of municipalities in developing countries often
supplement their income by recovering materials from refuse and selling
it to agents buying for various end-users.(17) For example, in Bangkok,
Thailand, collection crews spend up to 404 of the time while on their
service routes recovering and sorting paper, bottles, cans, and
plastics. Reportedly, they earn an income from recycling which 1is
comparable to their official salary.(7)

On the other hand, in Manila, Philippines, collection crews spend no
more than 6% of thelr time enroute recovering materials for reuse.(72)
This 1Is attributed to the fact that many crews in Manila allow an extra
man to ride the truck (one that i{s not an employee of the city) solely
for the purpose of sorting.(17)

Collection crews can become involved in the recycling process in
other ways, as well. For example, they may sell their load to the
highest bidder at the dump. At one unofficial dump site in Lima, crews
receive a fee for dumping within pilg corrals on-site rather than on the
open disposal area accessible to scavengers.(l7) At the main dump site
for Mexico City, agents for various groups of scavengers bid against each
other to have collection crews dump in their picking area.(29)

Local goveroment officials often complain that these recycling
activities by refuse collection crews tend to take away some of their
available working time.(l7) However, there have been no measurements on
the relative speed and efficiency of such crews who, provided with the
added incentive of increasing income through increasing the quantities of
materials vecovered for recycling, may be correspondingly increasing the
quantity of wastes collected.

At the very end of the retrieval system are the scavengers who work
at the dump sites and typically live on its perimeter in shanty-~towns.
There are scavengers at dump sites in most major citles of developing
countries. Estimated numbers of scavengers at dump sites are as high as
5,000 in Metro Manila, a metropolis of about 8 million; 10,000 for Mexico
City's 10 million people; 1,000 for Lima Metropolitana's 4 million
people; and 400 for Cali, Colombia, with its 1-1/2 million population.
(10, 28, 29, 72)

The impacts described above of collection equipment and practices
upon scavenging are amply demonstrated. They are highlighted by
responses to proposals for replacing entrepreneurial small-scale waste
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collection in carts by municipal-scale collection in compaction trucks.
In addition to increased municipal costs, sucih replacement would largely
eliminate employment of the scavengers and the small-scale enterprises
depeudent upon them for materifals.{(37)

The reverse is also true. Scavenging practices can determine the
success of innovation 1in collection and disposal. In Jakarta, hand~-
operated baling equipment was introduced to increase the capacities of
the open-top collection vehicles and of the dump. The scheme was
sabotaged when scavengers went for the bales with cutters to remove and
salvage the baling wire. This response to technical intervention was not
predicted, and indicates the need for carefully designed demonstration
projects as precursors to full-scale implementation.(l7)

Strong 1informal networks of agents and buyers typically control
these sites. For example, only certain scavengers are allowed access to

the main dump site 1in Manila. All > rials retreived at this site
reportedly must be sold to one of thye -  roved agents. Any scavenger
discovered removing found materials fr. t%e site, 1is likely to have his

access privileges revoked,(17)

Birbeck (10) provides an in-depth view of the working conditions and
informal networks which exist at dumping grounds in Cali, Colombia. He
describes the factory-like atmosphere of Lhe dumps, where a large force
of workers 1is controlled by a few bosses. There is limited chance for
upward mobility of the scavengers, since becoming an ageat or buyer
requires capital and the payments scavengers receive for materials they
have retrieved do not provide very much for private savings.

Generally scavengers at dumps work Ilndependently and are paid by the
piece. The direct link between work efforts and daily wages 1is a key
motivator to scavengers, However, this system can alse lead to fierce
competition among them. Birbeck (10) notes that conflicts in Cali dumps
over certain cholce materials have resulted in arguments and have led to
killings. In Manila, several years ago, such conflicts reportedly led to
a large fight at the dump, which resulted in 28 scavengers killed.(17)

In a few instances in developing countries, scavengers are
noticeably absent from dump sites. Recent efforts to implement sanitary
landfill operations in, for example, Buenos Aires and Cordoba, Argentina,
have been enforced by guards being posted to keep out scavengers.(6, 80)
One area of research of the UNDP Resource Recovery Project 1s to study
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the effects of eliminating dump-site scavenging on the overall recovery
and reuse of waste materials, and the relative costs and benefits to
different sectors of the population.

Intermediste Handling

Once wastes are retrieved for reuse, they either may be sent
directly to the recovery or reuse site, or to a station for intermediate
handling. At a station for intermediate handling, wastes are sorted and
accumulated. Small lots obtained from varicus sources are aggregated and
graded to meet the needs of individual buyers. To the extent that there
is avallable space and cash flow, materials are stored. This allows the
intermediate handler to have supply better match demand, and thereby
obtain a better price.

Intermediate handling is done by community redemption centers,
salvage dealers, secondary materlals processors, and special 1interest
groups. BEach of these 1is briefly discussed below.

There are municipal redemption/purchasing centers in Shanghai,
China. Individual scavengers and residents bring their recyclables to
these centers and are paid according to posted prices. Materials arve
sorted and graded to meet the users' needs, Thesge post-consumer wastes
are sent, along with industrial scrap, to central factories for payment
and processing. These factories are under municipal management, which is
also responsible for street cleaning, sewerage, and refuse and night soil
collection.(50)

Salvage dealers do essentially the same things as municipal redemp-
tion centers. Both are 1likely to handle a variety of recyciables,
including metal, paper, textile, and plastic. The key difference 1is tha:
these dealers' centers are run by private entrepreneurs. Their position
in the sgystem depends on their network with scavengers and agents
retrieving recyclables and with buyers, Cities such as Bangkok,
Thailand, and Colombo, Sri Lanka, appear to have a well-run system of
salvage dealers who interact largely with municipal collection crews as
their source of recyclables.(17)

Secoudary materials processors are apt to specialize in one type of
recyclable material, such as paper or ferrous metal. Generally, they
have strong connections with end-users, such as paper or steel mills.
They are likely to process the incoming waste to meet their buyers'
specifications. Mechanized equipment to reduce the volume of waste is




often used. In Lima, Peru, a government-owned paper corporation includes
about 10 percent waste paper in its feedstock. The corporation has a
fixed number of secondary materials processors who buy waste paper from

gorters and transport it to the corporation's storage area where it is
baled.(26)

In industrial countries, special interest groups providing interme~
diate handling tend to rely on voluntary support. Charitable groups,
including church groups, commonly receive and distribute used clothing,
furniture, and household appliances. Service organizations such as the
Salvation Army, Goodwill Industries, and Volunteers of America do the
same.(40) Generally, goods are cleaned and repaired before they are
distributed.

In communities throughout the United States, various organizations
provide drop-off stations for paper, cans, and bottles. These efforts
stem from concern over resource conservation and desire to limit the
amount of land required for ultimate disposal. Some sorting usually is
done by such organizations; but for the most part they rely on residents
to sort their materials before leaving them at the drop—off station.

Recovery and Reuse

Solid wastes can be recycled in many ways. ior purposes of this
report, we categorize these into three levels of recovery and reuse:

Level 1--after sorting and cleaning, discarded items are
reuged, repaired or remanufactured;

Level 2-~the waste is sorted, cleaned, processed, and recycled
as a new material or product; and

Level 3--the waste 1is converted into a different material or
into energy.

To 1illustrate, tfires can be reused at all three levels. Tire
retreading, whereby the worn treads are removed and replaced with new
uncured rubber, is an example of Level 1 recycling.(78) A Level 2
example fs when tires are split into strips and woven into doormates.(18)
And at Level 3, used tires may be pyrolized into fuel oil.

Recovery and reuse activities grouped in the lower levels tend to
use less mechanical energy for sorting, processing, transporting, etc.,
than those grouped in the higher level. Also, Level 1 and 2 activitles
often involve wastes before they are mixed with other wastes, and
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potentially degraded; and level 3 activities often involve mixed wastes.
Each level is discussed below, and examples of recycling within each
level are noted from the literature.

Level 1. This level involves direct reuse of a product or material
without changing its basic form and/or function. A common example is
reuging (after sorting and cleaning) a packaging container, such as a
can, bottle or box.(58) Standardization of bottles in the Federal
Republic of Germany has facilitated this level of reuse.(ll) Another
common example is when discarded clothing, donated to charitable groups
and service organlzatlons, 1s cleaned and mended for reuse.

Through physical labor, and with simple tools, products often can be
repaired and returned to a functioning state. For example, textiles can
be sewn, patched, rewoven, and dyed to restore them to usefulness.
Furniture can be rebuil:t and re-upholstered. Garden tools are commonly
restored by replacement of their wooden handles.

Remanufacturing involves disassembling similar products at a central
facility, with the parts subsegquently cleaned, inspected, replaced or
refurbished, reassembled, tested and distributed.{(56) Examples of
remanufactured products are: autcomotive engines, transmissions, water
pumps, clutches, and brakes; refrigeration and air conditioning
compressors; white goods such as stoves and dishwashers; and telephone
sets. Generally, products contain most of their original parts. In the
United States, the Xerox Corporation operates remanufacturing plants for
its equipment.

According to the Association of Petroleum Re-refiners in the U.S.A.,
"01il never wears out —-— it just gets dirty.” Re-refined lubricating oil
has been proven to be equal in quality and performance to that made from
virgin oils. And yet, in 1982, less than 10%Z of recovered used
lubricating oill was recycled in the U.$.A.(33)

Discarded products can be reused in the same basic shape as the
original, but for a different function, for example as building compo-
nents., A WOBO (World Bottle) was conceived by Habraken for reuse as a
building block.(58) 0ld tires are used to form breakwaters and artifi-
cial reefs in the United States. Building materials are retreived £from
cardboard cartons, wooden crates, and demolition debris to build shelters
and workplaces all over the world.
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Level 2. Recycling of pglass cullet is a common example of Level 2
recovery and reuse, whereby the waste is reprocessed into a new product
of cowparable composition. In the United States, a number of states have
passed legislation requiring citizens to return beverage containers to
stores selling beverages.(49) For example, in the U.S.A. in 1981, 24.8
billion aluminum cans and 3 billion glass bottles and jars were processed
into new containers.(33)

Materials for conventional glaegs-making include sand, soda ash,
limestone, and broken glaas {(cullet).(25) The cullet replaces soda
ash.(5) Glass manufacturing using 100 percent cullet is found in plants
from Bangkok, Thailand, to Dayville, Connecticut, USA, where carbonated
beverage bottles are produced.(34, 77) More commonly, glass cullet makes
up 20 to 30 percent of the total mix.(25)

In Manila, a pilot project implemented by the Technology Resource
Center 1involved forming a cooperative of low-iacome women to collect
high-grade paper from office buildings and (using a simple
labor-intensive process) wash, bleach, and pulp it into a high—quality
stationery.(17) In Cclombia, an estimated 46 perceat of the total
materfal requirements of the paper mills {s waste paper.(10) Waste
papers should, where possible, be separated at the source, before it is
contaminated and degraded. There is no equally cost-effective mechanical
substitute for wmanual separation and sorting. The mechanized
fiber-sorting techniques that do exist (9, 83) tend to produce a
low-grade fiber.

The extent to which steel mills can utilize scrap as an input
depends on type of furnace.(4l, 43, 75) The Basic Oxygen Furnace is the
most limiting, using no more than 40 percent ferrous scrap in the
charge. On the other hand, the Electric Arc Furnace can use up to 100
percent scrap. Because of this, and the fact that the Electriec Arc
Furnace can be economically implemented in a smaller unit size than other

furnace types, it may be particularly appropriate for develoring
countries.

Steel foundries can melt steel scrap to produce steel castings; and
iron foundries can combine pig iron with {iron scrap to prcduce iron

castings.(25, 43) Other foundries use nonferrous metal scrap, such as
aluminum and copper scrap.(69)

Recycling may involve changing both the shape and function of a
product. Tiree are cut into soles for shoes, as in India and Peru.(17,
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68, 78) DBottles are cut into glasses, ashtrays and funnels in Cuzco,
Peru.(77) Textiles are reused in rag dusters, as stuffin; for plllows
and dolls, sewn Into patchwork cloth, or woven into rag ruge.(78) Waste
paper is shredded into animal bedding.(78) Steel drums from oil are cut
up and made into charcoal-burning jika cooking stoves.(68)

Vogler (78) focuses on labhor-intensive technologies appropriate to
developing countriea. He explains how to start-up a number of Level 2
recycling operations, including: asphalted roofing sheets made from waste
paper; tools, horseshoes, and machine parts forged from ferrous scrap;
iron manhole covers cast from ferrous metal scrap with some tinplate cans
in the mix; saucepans and kitchen utensils cast from scrap aluminum; and
roofing felt made from textile wastes.

Level 3., Waste is processed into a different material or a form of
energy at this level of recovery and reuse. For example, the new
material may be recoverad element, or some relatively homogeneous
substance. The new energy wmay be heat, char, a combustible gas, or
incineration steam. A number of Level 3 processes (e.g., composting,
anaerobic digestion [biogas]), fermentation [ethanol production] and
incineration) are described from an engineering standpoint by Diaz,
Savage and Golueke.(28) There is increasing iuterest in extraction of
methane generated within refuse dumps and lardfills.

Tin can be recovered from tin-plate scrap through several detinning
procesges  readily applicable for implementation 1in developing
countries.(78) Because the resulting tin is more pure than primary tin,
it is commonly used in pharmaceuticals (particularly stannous fluoride
toothpaste). Furthermore, detinning renders the original tin-plate scrap
more saleable. According to Vogler (78), detinned scrap with less than
0.05 percent tin normally fetches a price double that of scrap tinplate.

Glass c¢an be reprocessed into a number of new materials. For
example, 1t can be substituted for quartz or feldspar 1n the
manufacturing of high-strength porcelain.(60) Up to 50 percent waste
glass can be used In the manufacture of mineral wool insulation.(82)
Compousites of waste glass and polymers can be used to make durable
construction products, such as szwer pipe.{82)

Composting and anaerobic digestion are biochemical processes that
decompose orginic wastes. In composting, aerobic bacteria decompose
organics in the waste to carbon dioxide, nitrogen compounds and water




vapor, leaving behind a relatively dry humus-like material composed of
cellulosic (humic) organics, nitrogen compounds and inert substances. In
angeroblc digestion, successions of anaerobic bacteria decompose organics
in the waste to methane and to carbon dioxide with traces of hydrogen
sulfide and nitrogen, leaving behind an organic slurry carrying humus and
fertilizer constituents.

High temperatures of over 50°C and as much as B0°C are achieved in
aerobic composting and may be provided in thermophilic digestion by using
say 30 percent of the methane for heating. These temperatues are
sufficient to destroy human pathogens and fly larvae within one day.
Both compost and the slurry from digestion are used for soil amendment,
because of their organic and trace mineral contents, as well as their
nitrogen-phosphurus—-potassium contents, The slurry product of anaerobic
digestion would tend to be richer in nitrogen than compost, because
nitrogen would not be converted to a gas and released as it is during
composting.

It is common in cities of China for domestic garbage to be
composted. Garbage from Shanghai, for example, is trucked and barged to
farms surrounding the city. Typically, the garbage is mixed with night
soil, piled into a heap about &4 meters wide, 4 meters long and 1.5 meters
high, set with subsequently withdrawn bamboo poles to provide aeration,
then sealed with a thin layer of mud. Temperatures within the pile rise
to over 50°C and are maintained at this level for more than 10 days,
effectively destroying disease-causing wmicro—-organisms and parasite
eggs. It takes 3 to 4 months before the compost is ready for application
to crop land.(i3)

Vermicomposting uses common earthworms to decompose organic wastes,
and has been demonstrated in small-scale projects. For example, in
Manila, vermicomposting is being promoted as a means of recycling—at-the-
source and thereby reducing the overall costs of Municipal garbage
collection.(17, 27) Garbage segregation 1s done at the household in
separate contalners provided at cost by the Metro Manila Municipal
Government to project participants. The earthworms, Eisenia foetida,
reduce the waste volume by up to 50 percent, and their castings
ccnsolidate the nutrients originally found in the waste.(22) The
earthworms are harvested every 40 to 45 days and recycled to new pots of
garbage. The castifigs can be either marketed as soil enhancers or used
in the soil pots to raise selected vegetables and herbs.(l, 2, 3)
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Anaerobic biochemical processes that result in methane gas
generation become dominant in most rvefuse landfill cells, usually after
about 2 years wherein all the entrapped oxygen is consumed. Methane is
produced and collected from refuse in landfills in West Germany, the
United Kingdom, the United States, and Braril, To maintain oxygen-free
conditions, the refuse should be well compacted under a soil cover. To
maintain moisture coatent at ievels optimum for bacterial growth and gas
production (about 60 to 75 percent moisture), it may be necessary to
recirculate leachate or add water. Recirculating leachate can have the
added benefit of also providing nutrients, buffer and assimulated
bacteria; but must be approached with great care to insure that
groundwater quality i1s protected. Active gas removal systems are
recommended, and consist of a site perimeter trench or series of wells
fitted with mechanical pumping systems. After processing for removal of
condensate and particulates, the gas has an energy value ranging from 450
to 600 BTU/£t3 (4,000 to 5,300 kcal/m3), which is suitable for use in
boiliers. For pipeline quality transport, the carbon dioxide is removed
to provide about 1,000 BTU/ft 3 (8,900 kcal /m3).(8)

Energy recovery from refuse incinerators 1s not ordinarily
applicable to developing countries, where kitchen wastes make up a much
higher portion of refuse. Therefore, moisture contents are wmarkedly
higher. The moilsture content of refuse in developing countries tends to
range between 40 and 70 percent, compared to the 20 to 40 percent
moisture content of refuse in industrialized countries.(16) As a result,
incineration would require supplementary fuel and result in a net energy
deficit. Even Japan, which has more incineration plants than any other
country, is reported as recovering little useful energy for sale because
of the high moisture content of its refuse.(62) Nevertheless, recent
developments in separation technology, 1f proven in practice, may
eventually offer an economic way to separate the dryer combustible
portions from the rest of the waste.
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Strategles for the Future

Sustainable resource recovery and utilization are essential elements
of 1living within finite resources. Economically justified recycling
practices are objectives of a number of individuals, groups, and
governments. Examples of both efficient and inefficient recycling
systems abound. Improvements always ijnvolve building on existing
activities. This requires that three strategic objectives be addressed:

1) Identify and acknowledge existing strengths in both the
formal and informal systems,

2) Improve productivity of existing systems by removing
technical, financial and institutional constraints to recycling.

3) Link macro—economic and micro-economic factors.

Examples of how various cities and countries have addressed some or
all of these objectives are discussed briefly below. Common threads
which wind through most of these examples are improved public education
and cooperation, as well as government encouragement of, if not
participation in, the recycling endeavor.

Recognizing the contributions that informal sector scavengers make
to recover materials for recycling, reduce dependence on foreign imports,
and lessen the volume of wastes requiring land disposal, the Ministry of
Environment in Indonesia is developing strategies almed at supporting
sczvenging.(17, 76) For example, some communities are being encouraged
to provide scavengers with water supply and sanitation facilities at the
main refuse handling snd disposal sites, and to provide them with access
to health care services.(17)

In Indonesia, scavengers belong to the i-- .ncome group. Many
families earn from scavenging only enough money for one meal a day. For
their day-to-day survival, income is also needed from other informal
business activities. Profits accrue mostly to the higher circuits of the
recycling system: dealers and middlemen.(76) The Ministry of
Environment, together with the Informal Sector Project, 1is planning a
pilot effort to form a local cooperative of scavengers at one municipal
landf111.(17) The cooperative is viewed as one means of strengthening
the individual scavenger's bargaining position in obtaining fair market
value for recovered materials, easing access to crdit, and providing
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education on basic rights and resources available for greater
gself-reliance.(17, 76)

Recycling is a community employment activity of the Zabbaleen in
Cairo, Egypt. Few of their inhabitants work in other trades.(45) In an
effort to extend the activities of the Zabbaleen to low income
neighborhoods which have a lower fraction of recyclables in their refuse,
the city 1s pilot testing contracting with the Zabbaleen for collection
from these neighborhoods. Because the Zabbaleen are limited in number,
studles are underway to improve their efficlencies through better cart
designs and sorting/handling facilities.(54) Credit has been built into
a World Bank urban project loan to support this effort.(4)

During a recent solid waste master planning effort for Manila,
Philippines, integrated materials recovery and sanitary landfill
facilities were recommended.(72) To take advantage of the pool of talent
.avallable at the present open dumps, and to minimize loss of income to
the many hundreds of scavengers working at these dumps, scavengers are
proposed to be hired as sorters along the conveyor lines of the materials
recovery faclilities.

In Shanghai, China, there are separate collection gystems for
residential and commercial/industrial wastes. This minimizes the content
of potentially hazardous substances within wastes targeted for composting
and application to cropland. And the purity of commercial/industrial
wasteg entering the materials processing and exchange network 1is
maintained.

A waste materials exchange program was established in the United
Kingdom in 1974, with funding provided by the government as a free
service to industry. A small secretariat was established with staff
seconded from the Warren Spring Laboratory, which already had significant
involvement and expertise in waste utilization. Quarterly bulletins
announced the wastes available from various manufacturers, as well as
those wanted. Information was coded and stored by computer to facilitate
matching industries with sgpecific wastes to discard and 1industries
needing those same wastes as feedstock. Eventually, more than 5,000
organizations participated in the program.(74) After 5 years,
participants were invited to subscribe to the costs of operating the
Exchange, but response was insufficient to maintain a self-funding
operation and the Exchange was closed dowi.
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One difficulty 1in materials recycling is balancing of supply,
storage and demand. Since 1957, the Shanghai Materials Recovery and
Utflization Company has set up 502 centers to purchase, store and balance
the flow of materials. Over 1,000 agencies in the surrounding rural
areas work on a commission basis with the Company. Twenty-six agencles
(each with about 300 workers) are set up to separately retrieve materials
from industrial wastes. To complete the system, there are an additional
15 processing factories, 59 specialized business centers and 121 waste
materials sales departments.(50)

Not all efforts to address pevcelved obstacles are suu:essful;
however, they may provide valuable lessons for others., Despite a series
of projects begun in 1978 in Manila, Philippines, to develop a municipal
recycling system based on neighborhood redemption/purchasing centers,
recycling continues to be characterized by informal private sector
individuals.(17) Thirty community redemption centers employing over 300
workers were eventually equipped and put into operation. The redemption
centers were temporarily closed in 14979, so that their efforts could be
fully assessed. Among the problems perceived were: insufficient
participation by residents, inadequate communication with 1local
neighborhood leaders to gain their support, too few collectors (called
ECO~AIDES) to cover the redemption routes, competition from private "junk
dealers,” and faulty arithmetic and poor record-keeping. Lack of
adequate financing was manifested by the inability of the responsible
private organization to procure vehicles to transport the recyclable
materials, This in turn led to an unsightly accumulation of recyclables
at the centers, and complaints by neighbors. It further led to an
inability to wmarket the materials, and an aggravated shortage of
cash.{(27)

Within a year, six centers were temporarily reopened under public
management . Once again financial problems were encountered, and the
municipality recognized that specialized knowledge and experience was
needed to operate the centers and business of recycling. Arrangements
were then made with private entrepreneurs interested in and knowledgeable
of recycling, who would use their own capital and personnel. Eventually
31 municipal redemption centers were operating under the new system.(27)

However, there then was a proliferation of competing privately owned
“"junk shops,” and the market became saturated. The redemption centers
accumulated more materials than they could sell, became unsightly, and
were forced closed by residents. Presently, there are no redemption
centers operating under the municipal program.(27)
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The number of biogas digesters in China has increased from only
1,300 in 1972 to approximately 7 million in 1982. This impressive
development is attributed to strong government support and advocacy. The
government focused its efforts on areas of firewood shortages and severe
schistosomiasis—-—emphasizing the gas use for family cooking and lighting
and the slurry use for organic fertilizer. Government programs included
financial support to 1install new biogas wunits, training, extension
offices to provide technical and administrative assistance, publicity,
and research and development to improve biogas techniques.(71)

Over the past 8 years, India has made & major commitment to 1its
All~India Co-ordinated Biogas Program. About 62,000 biogas units have
been dinstalled since the program started in 1975, Fight research
institutes and a number of universities have been actively involved in
research and development of biogas technology. However, it appears that
implementation has not been as wide-spread as in China. Research and
development have not been as closely linked to implementation, resulting
in less feedback from users to enable technology to be improved. Also,
there has apparently been less effective dissemination of information to
the target population. Some of these program deficiencies are presently
being amended.(71)

From the case examples described above it is clear that government
strategies to promote recycling should be dynamic processes. Research
coupled with applied engineering to develop appropriate technology for
local users is a necessary component. Continued training and technical
assistance need to be coupled with a network of extension offices which
also obtain feedback to ways of improving technology. Quite often,
financial support for capital investments 1is essential, as well as
start-up operational monies.

Seemingly unrelated government actions can influence the incentives
people have to recover and reuse wastes. In Lahore, Pakistan, 40 percent
of the refuse generated oy residents is collected by farmers. HRowever,
with increasingly available, government-subsidized chemical fertilizers,
farmers are losing 1interest 1in the refuse as soil amendment and
collecting it only when it suits thelr convenience.(84) Similarly.
government action to open Colombo, Sri Lanka, as a duty-free port
resulted in paper products from other countries being dumped on the
domestic market at prices with which local paper products could not
compete, leading to a marked decrease in paper recycling.(15)




In many contries, taxes often favor virgin materials. A study in
1971 by the Joint Economic Committee of the USA government found that
federal tax subsidies (depletion allowances) for natural resources
amounted to 1.45 billion dollars. The study noted, "The subsidies to
timber, oil, and other minerals appear to provide incentives to use these
(virgin) resources in greater amounts and 1instead of other
alternatives," (42) Shipping rates sat by national governments often
favor natural rescurces over scrap materials.

Government procurement specifications commonly discriminate against
refurbished and remanufactured products, On the other hand, ia the
U.8.A. there are some procurement regulations for securing paper supplies
with a mninimum content of secondary fiber. Clearly, a national
commitment to recycling requires examination of existing and proposed
actions in light of the government itself.

Recycling can be an opportunity to reduce dependence on foreign
imports, create domestic employment, and conserve limited resources,
including space that would be required for burial of waste. In the
annotated bibliography which follows, references covering the wide
spectrum of recycling techniques are reviewed. The bibliography, and the
references abstracted, provide 1information wuseful to assess the
opportuanity of recycling. The references also describe a variety of
worldwide examples of recycling endeavors. These examples may be adapted
to meet the needs of other cities, as part of the continued dynamic
process of implementing a recycling program.
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PART II, ANNOTATED BIBLIOGRAPRY

INTRODUCTION TO THE ANNOTATED BIBLIOGRAPHY

This annotated bibliography is based on a one year literature
search and review, The objectives of this gsearch were to identify,
assemble and review for annotation relevant literature useful to developing
countries 1in selecting appropriate technologies in resource recovery,
especially those considered to be alternatives to conventional means of
solid waste management.

Many urban and regional governments, national and international
agenciea, and private industries are aware of the need for approaches to
solid waste management that will maintain or enhance established recycling
programs. However, information on many of the current recycling practices
is not readily available,

As a result, many countries have experienced numerous failures in
attempting to set up recovery systems. It is not because there are in-
herent problems in recycling but that often the intricacies of developing
recovery programs are Iignored, thereby building failure into the project
from the start. Equally important, much nf the available literature 1s
written in an isolated context or in limited theoretical terms, ani focuses
on traditional or energy recycling rather than remanufacturing or reuse
technologles., Therefore, the aim of this bibliocgraphy is to identify many
of the data gaps and promote research by enterprising individuals and
agencies. We hope the abstracts axe useful in describing the techniques,
issueg, and other factors present in the expanding field of resource
recovery,

Literature Search

A two-fold search was initiated. A computer search of several
internatinnally available data bases was conducted early on in the project
and a manual search of selected private and public information centers
continued thrcughout the project, Constraints on travel required the

project team to rely on information centers, verbal, written or telephoned
requests for information.

The computer search was carried out under the auspices and
direction of the World Bank's Informatfon Center Section, Records
Management Division located in Washington, D,C,, U.S.A. Sixteen data bases
were searched using the key word 1list shown i: Table 2. Over 90,000
potential documents were identified,
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Table 2.

Agriculture
Alcheny
Animal feed supplement
Appropriate technology, low technology
Asla, Africa, Oceania, North America, South
America, Central Averica, Europe, Middle
East, India

Collection, separate truck, integrated
collaction

Composting, vermicomposting
Construction materials, urban debris
Enterprise(s)

Equipment files
Fiber T, NEWS r, cellulose
sation, high grale paper

Financing, economic devel s economy of
suﬂ2§3obamjaqﬂqm:gggnmtkm

Giass, bottles, bottle washing, color
sorting, intermediate processing, bottle
and glass crushers, screens, contalner
deposits

Health and safety, envirommental protection

Hams, fertilizer, soil amendment

Landfill, landfill high grading

Less Developed nations, developing natioms

Metals, tin cans, steel cans, aluminum,
ferrous, non—-ferrous, bimetal

0i1, energy recovery

KEY WORDS

Organic, putrescibles, food wastes, aerobic
and émerohlc ferméntatim, metﬁme

Policles
Rl lastics, rubber, c cs, crumb
m p lastics, » Cryogenics,

»

Processing, mechunical separation, hand
pi rg: labor intensive separétim

Pretein
Recyeling, sml\nagei scavenging, vesource

recovery, ma recovery

Regulations

Research

Resource conservation, materials conservation
Reuse, reduction, remamufacturing

Secondary materials, industries

ation, separation, source separation
Sq%iﬁﬁectﬁ&lcenuns, back ’

Shredding and grinding
Solid waste, refuse, gar » Waste,
residuals, mucipal solid waste

Thermal processes

Transfer stations

Transportation, horse—draam wagons, rail
Urbam, urban fringe, rural

Waste composition and quantity, waste surveys
Waste viilization, close loop systems

The use of computerized bibliographic data bases was complicated

by three factors.

(1) No one data base speclalizes in waste recycling;

(2) Different data bases do not define suuvjects in the same way,
and there is no standardization of indexing among data

bases;




(3) Data bases do not emphesize developing countries, and there
is no consistency in indexing geographic locations; e.g., a
document dealing with Brazil may or may not be cross
referenced to Latin America.

Many data bases do, however, cover waste recycling to the extent
that it overlaps with their subject specialty. For example, CAB, which is
an agricultural data base, includes waste recycling in agriculture. Thus,
by searching a wide varlety of data bases, we achieved a comprehensive
perapective,

The problem of inconsistent subject indexing was more difficult
to overcome. We developed two approaches, The first involved very general
key words in all relevant data bases; e.g., 80lid waste, and waste
recycling, This allowed us to cast a broad net and capture most records on
our subject., However, it also resulted in wmany irrelevant items and
nacessitated searching through long lists to obtain the relevant records.
The second involved developing individual key words for specific data
bases; e.g., in searching CAB we used key words such as "composting,” and
when searching Compendex-—an engineering data base——we used key words such
as "glass crushers,” This resulted in many additional items.

To overcome the problem of inconsistent country indexing, a
geographic region list and a country list were developed. Also, by using
key words such as "appropriate technology,"” records from the perspective of
the developing countries were included.

The best 658 documents from the computer data bases were ranked
based on a five-point system for selection using the actual documents or
abstracts. The criteria were: (1) the document had to be technical in
nature and contain data that would be useful either for evaluating or
implementing a technology; (2) the document should deal with resource
recovery primarily of low technology origin; (3) the document should
contain information on the study wastes (glass, plastics, organics, paper,
metals, demolition debris, oil, etc.); (4) the document should cover
historical data of developed countries; (3) the document should cover
developing countries., Where abstracts showed potential of three or above,
the document was retrieved. One hundred and fifty of the computer
references received a three or better and eventually, 50 were used in the

bibliography. The results of the computer search are presented in Table 3,
below.

The manual search was carried on throughout the project.
Initially, the World Bank sent a letter under the Project Officer's
signature, which solicited data from information centers around the world.
This wae done very early in the project, as it was expected to provide
little information, especially from distant information centers. In fact,
it became a most significant source and picked up momentum as the project
progressed, Also, fifteen information centers within convenient travel
distance were visited. (See Table 4 for information centers visited and
contacted,)




- 36 -

Table 3. DATA BASKS

Data Base PreSelection _____ Fina) Reviaw
Agricola 4,562 0
Blosis 109 5
CAB 7,355 50
CAS 4,647 0
CIs 5,587 101
Comp Dissert 4,138 35
Compendex 4,982 8
Control Data 150 0
CPL 4,486 77
Economic Abstracts
International 515 0
Erviroline 17,484 %
GPO Monthly 5,396 66
NI'IS 24,829 46
toLwution Abstracts 12,638 41
Scisearch 4,486 3
SSTE L7 &
TOTAL 93,236 658

Tahle 4. LISTING (OF (RGANIZATIONS AND OINTACTED
American Electroplating Society, Winter Park, FL, USA
American Iron and Steel Institute, Washingtom, DC, USA
American Paper Institute, New York, NY, USA
Aperican Public Works Association Library, (hicago, IL, USA

ﬁnegicmmSociety for Testing and Materials Committee E-38 on Resource Recovery, “hiladelphia,

Applications de Redefdm sur 1'Energle et la Soclete, Toulouse, France

Appropriate Health Resources and Technologies Action Group, Ltd., Londom, U

Archives of the Uhited States of America, Washington, DC, USA

Asilan Institute of Technology, Bangkok, Thailand

dgian Recycling Assoclation, Makati, Philippines

British Plastics Federation, London, UK

Bureas of Industrial Economics, United States Department of Commerce, Washington, DC, USA
Can Manufacturers Institute, Washington, DC, USA
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Genter for Policy Alternatives, Massachusetts Institute of Technology, Cambridge, MA, USA
Genter for the Study of Materials, University of Toronto, Toronto, Canada
Centro Panamericano de Ingenierio Semitania Ciencias del Ambiente, 1ima, Feru
Comcil for Intemational Urban 1iaison, Washington, DC, USA

Department of Industrial Urban Liafson, Washington, DC, USA

Departiment of Industry, Warren Springs laboratory, Stevenhaege, Heats, England
Earth Resources, Ltd., tondon, UK

Ecole Polytechnique Federale de lausaime, Lausanne, Switzerland

Eeonomic Commission on Barope, Geneva, Switzerland

Elmla, Jonkoping, Sweden

Environmental Protection Service, Environment Canada, Ottawa, Canada
Fachzeitschrift des Bundes Deutscher Champignon Zlichter e.V., Borm, Germany (FR)
Glass Packaging Institute, Washington, DC, USA

Goverrmental Refuse Coilection and Disposal Association, Washington, DC, USA
Indian Ministry of Works and Housing, New Delhi, India

Insgtut fih(: E%denbiolog:le der Bundesforschungsanstalt fiir Landwirtschaft, Bramschweig,
Tmany

Institute for Local Self-Reliance, Washington, DC, USA
Institute for Sclentific and Technical Information for Agrioulture, Prague, Czechoslovakia
Institute for Soll Sclence, Swedish University for Agricultural Sciences, Uppsala, Sweden
Instituto Centro-Americana de Inwvest on y Tecno Industrial, Guatemala Ci

poe i igacion y logia ' fYa

Instituto de Investigaciones Agropecurias, Santiago, Chile

Instituto de Investigaciones en Matematicas Aplicadas y en Sistemas, Universidad Nacional
Autonoma de Mexico, Mextco City, Mexico

Instituto Nacional para Programas Especiales de Salud, Bogota, Colomhia

Instituto National De Edafo a biol "Jose M. Albareda” del Consejo Superior de
Investigaciones Gientifilcggj,' Pgdf:ﬁ? Spa:%?a 3

Intermediate Technology Development Group, Ltd., London, UK

International Atomic Fhergy snthority, Vierma, Austria

International City Management Association, Washington, DC, USA

International Development Research Center, Ottawa, Canada

Intemational Institute of Miological Misbandry, Suffolk, UK

International Solid Wastes and Public Cleamsing Association, Zlirich, Switzerland

Internationale Fachzeitschrift filr Verarbel Gestal und Awendug von Kunststaffen
Speyer am Rhein, Germany (FR) g e :

Israel Institute for Technology, Samsel Neaman Institute for Advanced Studies in Science and
Technology, Haifa, Israel

Keep America Beautiful, Inc., New York, NY, USA
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Merlewood Research Station, Grange-over-S8ands, Ombria, UK

Minimum Cost Housing Group, School of Architecture, McGill University, Montreal, Cemada
Ministerio de Industria y Energia, Madrid, Spain

National Academy of Sciences, Washingtom, DC, USA

Mational Association of Recycling Industries, New York, NY, USA

National Center for Resource Recovery, Washington, DC, USA

Mational Conference of State legislatuve, Washington, LC, USA

National Bavironmental Engineering Research Institute, Inside Chandrauel Water Works No. 2,
New Delhi, India

National Science Comcil of Sri Lanka, Colombo, Sri Larka

National Solid Waste Management Associaticn, Waste Equipment Marufacturers Institute,
Washington, NC, USA

Nat{.jgrAml Technical Information Service, United States Lepartment of Commerce, Washington, DC,

Office of Energy Conservation, Department of Energy, Mines and Resources, Ottawa, Canada
Pan American Health Organization, Washington, DC, USA

Koss Institute , London School of Hygiene and Tropical Medicine, London, UK

Royal Netherlands Society of Agricultural Science, Tre Hague, Netherlands

Royal Swedish Academy of Agriculture and Forestry, Stockholm, Sweden

Secondary Resources levelopment, Inc., Alexandria, VA, USA

Secretariat des Missions d'Urbanisme et d'Habitat, Paris, France

Society for Plastic Engineers, Brookfield Center, CT, USA

Soil and Crop Science Society of Florida, University of Florida, Gainesville, FL, USA
Soil Comservation Society of America, Ankeny, lowa, USA

Technical Association of Pulp and Paper Industries, Chamblee, Georgia, USA

United Kingdom Overseas Development Agency, Lomdon, UK

Unlted Nations Envirommental Program—Environmental Management Service, Nairobi, Kenya
United Nations Food and Agriculture Organization, Rome, Italy

ited Nations Industrial Development Organization, Viema, Austria

United States Agency for International Development Library, Washington, DC, USA

United States Conference of Mayors, Washington, DC, USA

lhit&e:d States Coordination for MATO Committee on Challenges to Modern Society, Washington,

y

United States Environmental Protection Agency, Intemational Activities Office, Washington,

United States library of Congress, Washington, IC, USA
United States Mational Archives, Washington, LC, USA
University of Nebraska Agriculture and Fngineering Libraries, Lincoln, NE, USA
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Urban Development Institute, Bambay, India

Waste Management Advisory Graup, Toronto, Canada

Waste Management Group, Organization for Economic Gooperation and Development Paris, France
World Health Organization, Environmental Health Division, Copenhagen, Denmark

Several thousand documents were reviewed using the same criteria
as the computer search, In Table 5, sources of all documents selected are
presented,

Source Unpublished  Published Total
Co lgm: ' l-%lttl.ngs -8- @59‘ 29
World Bank Reports 5 = 5
United Nations Reports - 15 15
tional Literature** 3 107 87

16 221 214

*23 dooments already idemtified were also fouwd in conputer search,
*Derived fram library search and correspondence with informmation centers.

Scope of the Bibliography

The final bibliography is not considered complete by any means.
It consists of annotated documents useful in evaluating or implementing
waste recovery and utilization technologies. Documents provide technical,
economic, institutional, environment, and cultural information, They are
categorized into areas of waste characterization, collection, processing,
waste utilization, environment, cultural aspects, and economics. Twenty
two percent of the references originated in developing countries, 70 per~
cent in industrial natfona (36 percent are U.S. documents), and 8 percent
with international agencies.

The differences in site specific conditions, which include social
and economic factors, and the magnitude of the solid waste problem make it
difficult to apply technical and institutional data from one country to
another. This holds true for applications irom an industrial country to a
developing country and from one developing country to another. The
literature confirms that all too often developing countries are attracted
by industrial research and technology, even though local traditions and
practices may be better alternatives. The failure to document 1liocal
accomplishments and development needs of small scale approaches is one
reason for the lack of emphasis on indigenous solutions. Furthermore,
verification of information is required. Too often, incorrect information
within the small literature base is replicated and becomes “"fact.” This is
obviously an inadequate foundation upon which to conduct planning and
implementation,
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We have focused on low cost, labor intensive technologies which
are approprliate to the economic, environmental and social needs and
resources of developing countries.

Key words are provided to guide the reader to other relevant
documents. The documents are numbered for ease of reference. The numbers
are used in the index section., Annexes I and II, providing an Additional
Bibliography and a Glossary, the Key Word Index, Geographic Index and
Authors' Index follow the Annotated Bibliography.
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ANNOTATED BIBLIOGRAPHY

Resource Recovery Technolog_!

101 Be\'iﬁ, Ho Jo

Brawley, J. W.
Plastic Waste Resources from Textile and Related Industries. British
Plastice Federation, London, U.K, #277/1. OQctober, 1980. 35 pages.
References,

This document reports on an investigation of quantitles and types
of wastes arising from the manufacture of textiles and acrylic fahrics.
Detailed information provides a useful deta base in identifying business
opportunities in the recovery and reuse of plastic wastes in the textile
industry. A summary of proven and commerclially available techniques is
included and the techniques are comparatively evaluated.

The report provides a model for business and municipalities
interested in the development of plastics recycling.

plastics, textiles, resource recovery, econocaics, surveys, United Kingdom

102 "Bevis, M. J.

Ham, A. J.
Plastic Waste Resources on the Agricultural, Horticultural and Produce
Distribution Industries. British Plastics Federation. London, U.K.
#276/1. October, 1980. 37 pages. References.

This report discusses processes suitable for converting waste
plastics into products which can be used in horticultural and agricultural
industries. It reviews the sources and amounts of plastics available for
conversion. Specific uses of plastics are individually addressed.

Although collecting used plastics from farms and nurseries 1s
financially unfeasible because of the widespread area over which the
low-dengity polyethylene sheet plastics are used, farmers supported the
idea of reclaiming plastic in the United Kingdom.

plastics, agriculture, recycling, United Kingdom

103 Bhide, A. D.
Arcfivala, S. J.

Solid Weste Hanagement in Indian Cities. U.S. Environmental Protection

Agency. Foreign Research Agreement No, 01~504~). Natioral Environmental
Engineering Research Institute. Nehru Marg, Nagrur, India. 1974, 70
pages. References.

This 48 a study of the refuse prectices in 33 Indian cities,
which contain nearly 20 percent of the urban population of India.

Questionnaires and solid waste samples collected on a seasonal basis
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(including chemical analysis of samples) were used to determine existing
solid waste practices and characteristics. Conclusions drawn from the
study were that: 1) collection of refuse in India is labor intensive,
employing 1,000~3,000 workers per million inhabitants; 2) solid wastes are
collected daily; 3) glass and paper represented less than 1 and 2 percent
of the refuse, respectively; 4) from 32 to 43 percent of the refuse could
be composted; 5) chemical analysis showed poor refuse combustibility; 6)
solid waste density was 330-560 kg/m3 (305-943 pounds per cubic yard); and
7) per capita waste generation ranged from 0.15-0.25 kg/capita/day.

In the majority of cities the administrator of the solid waste
program was a health officer. Community waste is manually collected and
transported in open-body trucks. The average age of the vehicles was seven
years.

Twenty two of the 33 cities composted part of their refuse with
nightsoll using the Bangalore method. All but a few cities were able to
sell the compost they produced. Over 62 percent of these composting
facilities were small scale, using less than 4 hectares (10 acres). NPK
values ranged from 0.4 to 0.8 percent.

In most of the refuse samples fine earth, ash and compostable

matter were the major components. Calorific values were quite low and were
always less than 6283.17 BTU/kg (2,850 BTU/1b).

Workers at composting yards did not wear gloves or use protective
devices.

Two intestinal parasites were found: A. lumbricoides and T.
trichiura, The former predominated in the samples examined.

composting, solid wsste, organics, enexgy, paper, waste composition,
collection, recycling, glses, India

104 Grandjean, O,
Rehi, R.
Gomes, I.C.
Composition and Treatmont of Domestic Refuse of the City of Blids,
Algeria. International Solid Wastes Association Journal. Number 30. pages
7-9. International Solid Waste and Public Cleansing Association., Jamuary,
1980, Zurich, Switzerland. References.

A study of the composition and physiochemical analyses of
municipal wastes in Algeris was done to determine the most appropriate
disposal practices, The major share of the refuse was orgenic and
included vegetable waste (66,9 percent) and paper (15.7 percent). The
refuse had a high moisture content, eignificant salt content and a high
potassium content, Composting was the recommended disposal method. The
possibility of secondary markets for metals recovered from the refuse was
suggested. Further investigation is needed to determine the feasibility of




mixing the refuse with sewage sludge for composting. Extensive local and
national benefits in agricultural production and land reclamation could be
realized by composting.

Algeria, wastu disposal/treatment, composting, sorting, sludge, waste
composition, agriculture

105 Grandjean, O,
Gestion des Daechets Solides de la Region de Medellin. Ecole Polytechnique
Federal de Lausanne, Lausanne, Switzerland, December, 1980. 75 pages.
References.

This document provides an in-depth view of solid waste management
i1 Medellin, Colombla and the surrounding area. It detalls a proposal to:
1) enhance informal secter activities in reclamatiorn; 2) implement a
workable compost system; 3) reduce the use of the landfill and long
distance transportation for solid waste disposal. The review of waste
management practices finds the current system expensive and a drain on
municipal revenues, The environmental impact 1s negative for the current
landfill which suggests either expensive cleanup or moving new landfills to
distant locations,

A Bampling methodology for wastes is described which deals not
only with mixed wastes, but with individual couponents (glass, wood, paper,
ete.) 1n order to determine theilr value, Seasonal samples of waastes were
collected from several areas of the city. There was little variation
noted, Sixty percent of the materlals are organics.

Physiochemical analysis of the refuse showed that the energy
value was very low-—-about 30 percent volatiles with energy contents of
1,060 kcal/kg {unprocessed raw), 2,610 kcal/kg (wet, processed) and 3280
kecal/kg (dry, processed).

Analyses for heavy metals revealed 3,000 ppm of chromium, 2,300
ppa of zinc, 1,200 ppm of manganese, 825 ppm of lead, and 1.3 percent iron.

An economic/energy analysis for source separation and composting
versus Iincineration 1s presented which shows that incineration would be
more expensive, less energy efficient and would add a high incremental cost
to the current solid waste system. The separation—-composting system would
show a net energy gain,
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Waste Component Estimated Value Verified Value
Pegos/Ton Pesos /Kg Pesos/ !
Average value 250 - 1.91~2.89
Commercial 210 2,39 -
Reaidential 350 2.54 -
Downtouwn 450 2.62 -

Further recommendations  ianclude: integrating sorting and
recycling with end wusers, and further investigation of markets,
trangportation and institutional change,

Coloubia, sorting, informal sector, economics, composting, organics, paper,
waste compoaition, economic analysis

106 Lohani, B. N.

Thanh, N, C.
Problems and Practices of Solid Waste Management in Asia., Prepared for the
Aslan Institute of Technology. Bangkok, Thalland. Adapted for publication
in Journal of Environmental Sciences. May/June, 1980, pages 29-33.
References.

This paper discusses variables which affect solid waste
generation and management activities in urban areas of Asia. The nature of
waste is changing with rising standards of living., Homes and businesses
are increasingly highrise buildings. Populatfon densities have greatly
increased. Relligious practices and soclal attitudes towards cleanliness
must be taken into consideration and can compound problems. Comparative
data on solid waste generation are presented. 1In developing countries the
density is greater due to the amount of moisture and organic materials
which are present.

Wastes are collected at varying frequencies, A large quantity of
waste is not collected and accumulates, which causes problems of disecases
and rodent infeatation, Urban congestion tends to 1limit collection
gservices,

Use of landfills is wot high as land availability is poor and
there are not enough wvehicles. Ninety percent of landfill is crude
dumping, Composting 1s extensively practiced 1in Indla, but 1s rare
elsewhere. Mechanized plants 1in Southeast Asia are unable to sell the
compaost which they produce,

Information is presented on pollution and health problems.
Constraints to using European and U.S. methods of waste management are
detailed.

waste compoaition, solid waste, Asia, India




107 Munoz, M.
Analysis y Necesidades del Servicio de Aseo Urbano de Lima Metropolitana.
Municipality of Lima, Lima, Peru, December 198l. 21 pages.

This document analyzes data on waste composition and
institutional arrangemente and makes recommendations for new approaches to
s0lid waste management in Lima, Peru.

Per capita genoration of solid waste is 0.84 kg/day or 4,000
metric tons per day for the city. Household and commercial wastes are
collected daily., The city has 233 compactor trucks, 19 non-compactor
trucks and 78 other vehicles, About 50 percent of these are operative.
The 1labor force numbers 3,300, Three transfer stations and one landfill
are used, Unofficial landfills are operated by syndicates which cause
soclal and enviroomental problems. Although feeding organic waste to pigs
is illegal, the practice 1is ongoing and contributes to the risks of
infectious disease.

Materials recovered from a landfill in one day's time include 50
tons of corrugated paper, 20 tons of plain waste paper, 10 tons of glass,
40 tons of metal, 10 tons of plastic, 10 tons of textiles, 20 tons of bone,
and 10 tons of aluminum.

The report details financlal and environmental problems
associated with solid waste wmanagement {n Lima, which has grown in
population from (.8 million in 1961 to 5 million in 1981, Comprehensive
planning efforte for 1982-1985 and 1985-1990 ave recommended,

waste composition, scavengers, landfills, Peru, solid waste management

108 Rathje, W, L.
The Milwaukee Garbage Project. Solid Waste Council of the Paper Industry.
Milwaukee, Wisconsin, U.S5.A, 1981. 115 pages, References,

This study compared household income with waste generation, Five
nelghborhoods, differentiated largely by income, in Milwaukee, Wisconsin
were analyzed in detail. The methods used were developed based on seven
years of experience analyzing housrhold solid wastes in Tucson, Arizona.
The purpose of the project was to investigate how households disposed of
their wastes and iIf waste disposal coull be correlated to family
income and/or size.

Refuse from five selected and stratified sample areas was
recorded during fall 1978, spring 1979 and fall 1979, using standard
"Garbage Project” methodology. This work produced three data bases: Total
Pickup Weights, consisting of the total weights of individual household
refuse plckups (598 samples}; Weight Sorts, consisting of refuse samples
waose contents were sorted into fifteen wmaterial composition categories and
weighed (224 samples); and Regular Sorts, composed of refuse samples whose
contents, including food debris and packaging, were recorded ftem by item
(179 samples).
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It was found that: (1) The solid waste discarded by Milwaukee
sample households in 1978 and 1979 were well below projections based on
national per capita discard weights calculated by the U.S. EPA for 1971.
This is a good indication of what the U,S. EPA has emphasized, that the
realities of local solid waste streams are better measured in the field
than estimated from product-flow models. (2) The average weight of solid
waste discarded weekly by sample households was a little over 25 pounds.
Sample households in the two low income, and one middle income area
discarded more refuse overall than households in the other two areas.
(3) As percentages of total weight, the material composition of refuse from
sample Milwaukee households seems within the normal range for other
American cities. (4) The material composition breakdown of household solid
wastes indicates that sample households in the two low income areas
discarded more packaging by weight than sample households in other areas.
(5) Differences in discarded packaging are due to home consumption of some
prepared foods and beverages and to large numbcrs of products packaged in
small containers. (6) Judging from their higher discaréd of food and
beverage packaging, sample households in the low income areas would
probably pay more than households in the other areas--in both real dollars
and in percentage of income—-if product disposal charges were levied.

municipal wastes, testing methods, United States, waste composition

109 Woodyard, J,
Municipal Solid Waste Survey Protocol. U.S. Envirommental Protection
Agency. Municipal Environmental Research Laboratory. Cincinmnati, Ohio.
U.S.A. 1978. Prepared by SCS5 Engineers, Contract #68~03-2486. 400 pages.
References,

This study was conducted for the U.S. EPA and is a comprehensive
report on different methods to estimate, characterize and sample wastes.
Survey costs, objectives and methods are discussed in detail. Statistical
analyses of waste samples were developed and used in computer models to
agsess economic sensitivity of resource recovery operations,

80lid wastes, municipal solid wastes, waste sampling, United States



COLLECTION AND TRANSPORTATION

201

Aaalysis of Source Separate Collection of Recyclable Solid Waste:
Collection Centers, Prepared for Resource Recovery Division, U.S.
Exvironmental Protection Agency, Washington, D.C., U.S,A. Prepared by SCS
Engineers. August, 1974, 49 pages. References.

This report presents the resulte of 13 case studies of collection
centers., Information was obtained on performance and operating costs, as
well as the time needed for households to separate, prepare and deliver
recyclable waste materials to the centers. There are an estimated several
thousand recycling centers in the U.S. Recycling/collection centers are of
three types: citizen, commercial or municipal. All types require labor,
land and equipment, Citizen centers rely on voluntary labor, while
commercial and public municipal centers have paid labor.

Expensive and extensive equipment was used at municipal centers,
while citizen and commercial centers used donated or salvaged equipment.

United States, sclid wastes, recycling center, costs

202

Avalysis of Sourc: Separuce Collectior of Recyclable Solid Waste: Separate
Collection. Prepared for Resource Recovery Division, U.S. Envirommental
Protection Agency. Washington, D.C., U.S.A. Prepared by SCS Engineers.
1974, 103 pages. ?Paferences,

This report presents results of 22 case studies on separate
collection programs throughout the United States. Sample households
conducted a two-month study which required separating items suitable for
recycling. The amount of time the households needed to prepare the items
is detailed, as nre complete cost data. An analysis was done to determine

optimal approaches to Thome recycling. Separate versus 1integrated
collection 18 consid:red. The data indicate a negative attitude is usually
displayed toward the scavenger sector, Recommendations are made to

forcibly exclude scavengers from participating in community efforts, rather
than integrating their efforts.

resource recovery, scavengers, gsolid wastes, source separation, cosats

203
Case Study: Separate Collection in Hoje Tastrup, Demmaxk. Organization
for Economic Cooperation and Development, Environment Directorate.

ENV/WMP/79.5. Paris, France. July 1979. 38 pages. References,

A separate collection program for recyclables was developed in
Hoje Tastrup, Demmark. Paper, glass and metals are separated for pick-up
at 4 week intervals from homes, using trucks with compartments and
adjustable partitions, Apartment buildings use a central container, also
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with compartments. Collection 1is done as necessary. Free collection of
recyclables is offered to businesses who separate material.

Collected materialsa are sorted at the municipal recycling
station. Reusable bottles are salvaged. White goods are dismantled for
metals recovery using simple hand tools, Goods are sold directly from the
station to end users or secondary macerials dealers,

Collection from single~family households had contaminants of 15
percent, while apartments had 70 percent. By weight, the recyclables were
58 percent paper, 19 percent metal and 23 percent glass, Energy savings of
recyclables versus virgin materials were computed as 162 kg of oil
equivalent per ton recycled. The incremental cost of recycling was
estimated at 38-57 kroner per household per year. Soclal benefits include
increased employment, and reduction in disposal requirements,

source separation, paper, glass, tin cans, intermediate processing,
Denmark

204
Hougseholds Contributing to Resource Recovery. Swedish Institute for
Resource Recovery. Malmo, Sweden, 1975, 42 pages. References.,

This document was prepared by the Swedish Institute for Resource
Recovery. It provides municipalities and companies with information on

resource recovery. Tests were done to determine how much household waste
could be recycled through source separation, on a nationwide basis.

Source separation recycling can be introduced with a net decrease
in costs. For example, three to seven percent of the costs of waste
disposal can be eliminated in a town of 50,000 people., Further reductions
might be posaible if treatment facllities and transportation costs were
reduced, based on reduced amounts of waste collected. Municipalities
should view source separation as an activity at least as important as waste
disposal. In addition, professional attention must be given to selling the
recycled goods., Recommendations included making long term arrangements
with Swedish paper mills to utilize waste paper and establishing other
secondary materials markets, Tests were done in 176,000 households and
indicated that residents have a favorable attitude and will initiate source
Beparation. Participation averaged 70 percent.

source separation, Sweden, rescurce recovery, marketing, costs

205

Source Separation Collection and Proceesing Equipment: A User's
Guide. Report (SW-842). Prepared for the Office of Solid Waste, U.S.
Environmental Protection Agency, Washington, D.C., U.S.A. Prepared by
Resource Planning Assocliates. 1980. 55 pages. References.

This document provides an overview of source separate collection
processing procedures and equipment, It is well illustrated and helps

instruct municipalities in the selection of equipment and systems. In




designing source separate collection systems, the following points need to
be considered: 1) estimating citizen support; 2) surveying and negotiating
with markets; 3) informing the public; 4) selecting equipmert; 5) assessing
labor needs; and 6) considerativn of local ordinances.

Collection systems ate varied. Specific equipment for collection
and processing is deseribed, v:t%: advantages and disadvantages listed for
each.

Manufacturers and suppliers are listed. A number of systems in
the United States are jidentified sand described in terms of size, operation
and equipment.

recycling, equipment, source separ:tion, appropriate technology, United
States

206 Archer, T,

Huls » Je
Resource Recovery from Plastic and Glass Wastes. U.S. Environmental
Protection Agency, Municipal Envirommental Research Laboratory, Cffice of
Solid and Hazardous Waste Research., Cincinnati, Ohio, U.S.A. Prepared by
Pacific Environmental Services. July, 1981, 139 pages. References.

This document reports on state of the art for recovering glass
and plastics from municipal solid wastes. It is based on a review of the
literature.

Questionnaires were distributed to firms involved with plastic
and glass recovery. The data were evaluated for technical, economic and
- environmental content,

Both industries were characterized by processes, material flows,
economic dynamics, and waste generated. Methods for recovery and recycling
are 1l1dentified. Economic and environmental parameters are provided.
Currently, labor intensive source separation of glass and plastic
predominant, although mechanical recovery will achieve greater importance
in the future,

Also covered are world wide state of the art reports on materials
recovery including estimates of the composition and per capita generation
of waste in geveral countriles,

glass, plastic, recycling, equipment, state of the art, markets, 2conoaics,
processing, envirommental mansgement

207 Brown, M, D,
Vence, T. D.
Reilly, T. C.
Solid Waste Transfer PFundawmentals. Ann Arbor Science, Ann Arbor, MI,
U.S,A. 1981, 69 pages. References,

This manual covers the consolidation of refuse collected by small
vehicles and then transferred to large volume trailers for efficient
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transportation to a disposal site or a resource recovery facility., Truck
transport of refuse 1s a well established technology which has initiated
the development of equipment designed specifically for this purpose.

The manual presents a simple technique to evaluate whether refuse
transfer will benefit a specific solid waste disposal aituation. It also
discusses the basic data required to anslyze, design and implement a
transfer system. Data include waste quantity and composition, traffic
patterns, site characteristics, and opportunities for materials recovery,

There are two basic types of transfer systems: 1) direct dump and
2) hydraulic compaction. Direct dump systems can be subdivided into
container, open top trailer, and storage pit systems. Hydraulic compaction
systems use a stationary compactor and either enclosed trailers or enclosed
containers. A variety of methods are used to feed the compactor: direct
dumping, a front-end loader on the tipping floor, a conveyor, or a
hydraulic push-pit.

Factors contributing to a successful operation, regardless of
size, include a daily operating procedure, proper equipment and facility
maintenance, adequate safety provisions, and an effective record keeping
system. Transfer stations also offer opportunities for recovery of
recyclable materials and energy from the solid waste being handled. Often
a drop-off recycling center is provided at the site, Station users are
encouraged (sometimes with financial incentives) tc separate reusable items
and recyclable materials. Additionally, certain materials can be recovered
directly from the station floor. It 1s quite common to see cardboard
picked from commercial loads and baled for resale. The transfer station
may also serve as the first step in the development of a mechanized
resource and energy recovery facility. As the cost of energy rises,
systems utilizing the energy value of refuse become more and more
attractive. Tranasfer stations should be designed to allow for a possible
future resource recovery project.

The manual presents a case study based on the authors' experience
in transfer station design. A city of 110,000 responded to the impending
closure of its municipal landfill by developing a plan for a three part
solid waste management center. It will include & recycling center with
storage capacity for curbside collection of source separated materials, a
transfer station, and a materials and energy recovery facility.

#alvaging, solid wastes, intermediate processing, economics, collection

208 Bukreyev, Y,
Waste Systems in the U.S.S.R. Waste Age. National Solld Wastes Management

Association. Washington, D.C., U.S.A, Volume 13, Number 2, February,
1982, Pages 68-70.

Collection practices in the U.S.S.R. share characteristics with
operations in the U.S., but there are notable differences. For example,
most housing iIn large Soviet cities consists of apartment buildings which
require centralized collection. Containers are loaded from garbage chutes

in the buildings and then hauled to a central depot.
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Another example is a vacuum system for removing household wastes
through special sewers that have been established in Moscow.

Currently, collected wastes in Moscow are incinerated. Metal is
extracted from the residues with an electro-magnetic separator. Emissions
have been acceptable. Other cities use landfill dispogal, with increasiung
costs due to longer hauling requirements.

Composting of mixed waste 15 practiced with contaminants
mechanlically removed after processing, Compost is applied primarily on
agricultural lands, but can also be wused in greenhouses to raise
temperature levels, and as a fertilizer supplement,

A waste to energy (steam) plant will soon be operating in the
city of Vliadimir. Its three chambers will burn 180 tons per day of solid
waste, generating 53,000 hectocalories annually to be used by the city's
utilities. Up to 30 percent of the residues (slag and ashes) will be used
for making tiles. Metal will be recovered from the slag. The Viadimir
plant will test equipment produced in the U.S.5.R. There is a high demand
for installation of similar plants elsewhere.

solid weste management, Union of Soviet Socialist Republics, incineration,
energy recovery, coaposting

209 Bunk, B.

Refuse Separation and Utilization on the North Sea Island of Juist, Federal
Republic of Germany. Proceedings of the International Recycling Congress
(Recycling Berlin '79). Berlin, Federal Republic of Germany. Pages
204-210., References.,

This paper discusses source separation on the island of Juist,
Two experiments were conducted in 1977 and 1978 which resulted in an
ongoing program of separation and recycling, using horsedrawn carts,
Recycling beging with on-site separation at commercial and residential
locations. Three categories of waste are collected: paper, glass and
metal/plastics. Organic wastes are composted and used in agriculture,
Metals and plastics are currently disposed of, due to no end use markets.

recycling, source separation, Juist (Island of), Germany (Fed. Rep. of)

210 Flintoff, F.
Management of Solid Wastes in Developing Countries. World Health
Organization, WHO Regional Publications, South-east Asia Series i1,
1976. Green Park, New Delhi, India. 276 pages. References,

This manual was initifally developed to guide Indian officials who
are responsible for solid waste collection and disposal. It is an impor-
tant work useful for solid waste management in all developing countries.
Topics covered are: sampling methods to characterize wastes, refuse
storage and collection, collection wvehicles, sources of waste, transfer
facilities, and treatment and disposal.
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The data 1is based on experiences in over 70 countries in
Southeast Asis, the Western Pacific, and the Eastern Mediterranean. Well
illustrated, the document present technical, economic and sociclogical
data.,

The author suggests that Western technical literature is not
directly applicable to developing countries, Cultural differences, the
lack of capital and the type of wastes all must be considered when planning
a solid waste management system, It is important to create a system that
is labor intensive, using indigenous tools and equipment. Costs should be
in keeping with local budgets.

Composting is discussed in substantial detail. Wide variationms
are noted between countries in what is composted and how best to utilize
the product.

vaste composition, testing wethods, composting, economics, solid waste
sanagement, India, recycling, developing country

211 Gotah, S.

Tamara, E.

Yuk.hi, Y-
Source Separation for Resource Recovery--State of the Art, National
Institute for Environmental Studies. Tsukuba, Japan. November, 1978. 58
pages. References,

This report describes resource recovery in two wedium sized
Japanese citles. Resource recovery 1is extensively practiced in cities
where the population is less than 300,000, Incineration is a major form of
waste disposal and the resulting environmental problems helped influence a
move towards resource recovery and source separation. It is recognized
that resource recovery at the source reduces waste and, at the same time,
collection costs and requirements. Citizens separate three to five
categories of recyclables and non~recyclables.

The document details a community conflict of recycling versus
ineineration which was resolved to allow for both recycling and
incineration--an example of an integrated approach to resource recovery
where high and low technology co-exist. The costs and design of the system
are presented,

resource recovery, state of the art, processing, collection, costs,
economica, incineration, source separatiom, Japan

212 Hoy, S. M.

Robinson, M. C.
Recovering the Past: A Haadbock of Comsunity Recycling Programs,
1890-1945., Public Works Historical Society. Chicago, U.S.A. 1979. 24
pages. References,

This document traces the roots of conservation and recycling in

the United States., Basic strategies for implementing recycling programs
include marketing, labor, materials handling and promotion.
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In the early 20th century industrialization and the resulting
waste and pollution created new citizen awareness of the need to clean up
the cities, New York City, under the direction of George Waring, created a
comprehensive program of resource recovery and promoted cleaner streets and
better public health, which reduced costs of solid waste management. This
program, begun in the early 1890s, was successful and widely copied.

World War I gave further impetus to resource recovery and
materials reclamation. Some cities used prisoners as a labor source for
these programs and set aside some of the revenues for the prisoners’
families., For example, in 1916, the city of Chicago gave US$40,000 to the
families. Additional revenues were used for landfill reclamation projects.

During World War II, the War Production Board coordinated renewed
recycling efforts. However, after the war, with the coming of prosperity,
Americans abandoned most recycling, until the early 1970s.

United States, recycling, prison employment, historical

213 Stearns, R, P,
Anthony, R. V.
Howard, S. E.
0ffice Paper Recovery: An Implementation Mamual. Prepared for U.S.
Environmental Protection Agency. Washington, D.C., U.S.A. Prepared by SCS
Engineers. 1977, 53 pages. References.

This document was prepared by the U.S. Environmental Protection
Agency in accordance with the Resource Conservation and Recovery Act of
1976. The recovery and utilization of paper from office buildings can save
valuable fiber resources, lower environmental emissions and reduce waste
management expenses, This implementation manual was prepared for
distribution to the public and private sectors.

Information 1s provided on the quantity of paper which could be
racovered, 1its market value, the various kinds and grades of paper,
separation methods, collection and storage equipment, and model contracts.

Recovery of high grades of paper from office buildings is one of
the fastest growing forms of resource recovery ia the U.S., Costs of waste
disposal from office buildings can be significantly reduced through revenue
from sales,

office dullding recycling, waste paper recovery, waste management, costs

214 Von Heidenatam, O.
Swedish Experience in Separation at Source Solid Wastes., Institute of
Solid Waste Management., London, U,K. Volume LXVII, Number 7. July, 1977,
pages 284-95, References,

This document reports on the increasing need for source
separation of waste in Sweden. The government view is that refuse is raw
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material to be recovered. In May 1975, a national bdill was approved on the
collecting and recycling of wastes, It required the collection of waste
paper exclusively by the municipal refuse disposal authority. In homes,
compulsory sorting applies only to newspaper and magazines, The
legislation was preceded by pllot studies indicating household cooperation
was essential.

State grants are available for 50 percent financing for recovery
plants and 25 percent grants for material benefication, Reglonal solutions
are preferred,

Municipal wastes are characterized. Also the amounts of
recovered material are noted in the report,

Collection is done by separate vehicles or by bagging recyclables
separately which are picked up with the regular refuse collection. 1Im
apartments, the landlord pays for extra sacks or dustbins and benefits from
lower refuse removal costs. For private homes, a 2 1/2 to 3 ton truck with
a two person crew 1s used while a 3 1/2 to 4 ton truck with a one person
crew is used for apartment house pickups,

Contracte between municipal authorities and paper companles vary

in fﬁgard [+ pLiCI: and .espens;b;litf for collaction. Problems in paper

recovery by municipalities are price and storage.

paper, source separitiou. separate collection, wunicipal waste, vehicles,
waste composition, solid wastes, Sweden

215 Werth, P.
Vehicles and Contalners for Separate Collectionr—Technical and Economic
Criteria. Proceedings of the International Recycling Congress (Recycling

Berlin '79). Berlin, Federal Republic¢c of Germany. Pages 853-858. E.
Freitag-~Verlag far Umwelttechnik. 1979, References.

This paper examines several types of wvehicles and containers
which collect and separate recyclables.

Recycling is enhanced by cleaning and keeping the various
materials separate. Once mixed, they are usually reduced to their lowest
economic value unless additional sorting takes place., Separate collection
of recyclables requires large scale citizen information and motivation, a
highly developed organization, and special attention to proper integration
of collection systems and equipment with end use markets,

Separate collection in trade industries for recycling is feasible
due to high and concentrated volumes of scrap. Drop~off boxes and roll-off
containers are convenient to use. For selected light materials it seems
advantageous to use a compaction mechanism. The author compares compaction
vehicles and roll-off containers for plastics and paper. The results
suggest pgreater payload opportunity for compaction vehicles but larger
volumes are needed to justify the vehicles, Problems can also be created
if more than one material is collected and separation is required at a
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later date, Separate c¢ollection was found to be more efficient than
collection centers for household wastes.

separate collection, economics, source separation, vehicles
216 Willerup, 0. H.

Recycling of Glass. Congervation and Recycling. Pergamon Press. U.K,
Volume 1, Number 1, 1976, Pages 149-159, References.

Recovery of glass from European households is discussed in this
article. The arguments for and against nonreturnable beverage containers
are discussed, The results of a Swedish study are reported where the
energy consumption is compared for a returnable bottle, a nonreturnable PVC
bottle, a nonreturnable steel can and a nonreturnable glasa bottle.
Results are reported of British, Danish and Swedish test collection of
paper, glass and metal. Reuse procedures are described for collected
glass,

Household refuse in Europe generally contains five to ten percent
glass, Per capita production of refuse in Demmark 1s about 300 kg per
annum. An unusually low percentage is comprised of beer and soft drink
bottles because povernment legislation permits brewers to sell only four
percent of their total consumption in non-renewable bottles.

Glass scrap is not simply competitive with virgin materials; it
complements the manufacturing process. This both afids and complicates the
possibilities of recycling glass. Glass usually contains a specified
addition of cullet which, because of its lower viscosity, speeds up the
mixing and reaction of raw materials and also reduces the energy
consumption. For this reason, glass manufacturers usually produce a supply
of their own cullet, whose quality is known and preferred to purchased
glass gcrap of unknown quality and composition.

glass recycling, Dermark. Sweden, Jaited Kingdom, returnable containers

217 Diaz, L. F.
Savage, G. M.
Golueke, C. G.
Resource Recovery from Municipal Solid Wastes, Volume 1 Primaxy Processing
and Volume 2 Pinal Processing. CRC Press. Boca Raton, Florida. 1982.

The authors summarize and evaluate wmunicipal solid waste
management and recycling practices in the Unjited States as of 1980, Cost
data presented for a few of the unit processes reflect the greater ewmphasis
in the United States on technological and operational aspects of capital
intensive resource recovery from mixed refuse. Engineering observations or
principles are given for selecting equipment for conveyance, size reduction
(horizontal and vertical hammermills), separation (air classificators,
trommel screens, magnets), incineration with heat recovery from mixed
refuse or from refuse derived fuel (pelletized or loose), anaerobic
digeastion, single cell protein and ethanol production, composting, and
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residual disposal (landfill) systems., GClasa, paper, and other recyclable
components are identified.

anaerobhic digestion, appropriate technology, composting, costs, equipment,
fuel, glass, incineration, landfill, municipal solid wastes, paper,

processing, recycling, solid waste management, United States

218 Vogler, J.
VWork from Wastes. Intermediate Technology Publicatinns, Ltd., and Oxfam.
Londol‘l, United Kingdom. 1981 .

The author provides comprehensive technological information and
marketing strategies for recycling paper, ferrous and nonferrous metals,
glass, plastics, rubber, nonferrous and precious minerals, chemicals, oil,
and human and animal wastes, Details of designs or names of manufacturers
are provided for such products as egg cartons, roofing paper, sorted and
processed metal scrap or billets, metal fabrication, shoe soles, simple and
advanced glassmaking, mniolded and extruded rubber and plastics, and
construction materials. Initial costs are provided for selected systems.

Case studies of small scale enterprises based on waste plastics
or vegetable matter are presented, Emphasis 1s on collection, sorting,
quality control, health aspects, and pricing.

sgricultural wastes, appropriate technology, building materials, chemicals,
collection, coets, equipment, ferrous/nmonferrous recovery, glass
mamifacturing, glass recycling, health and safety, marketing, wolded
products, oil, paper, plastics, plastics recycling, processing, recycling,
rubber, small scale industry

219 Abert, J. G.
Resource Recovery Guide. Van Nostrand Reinhold Company, Inc, New York,
New York, U.S,A, 1983, 593 pages.

This publication 1s a selection of articles, some condensed,
mostly published in the United States from 1976 to 1979. One section
considers planning, procurement, marketing, economic and financial aspects
of industrial systems for resource recovery, and for some systems
aggregated costs. Information 1is provided on glass, paper, steel,
plastics, rubber and aluminum recycling, energy recovery through direct
combustion of unprocesped and processed waste, pyrolysis, and other
recycling technigues,

Some of the changes 1in attitute and technology regarding
municipal waste recycling during the 19708 are documented. Also inclvded
are details on U.S. Department of Energy planning approches and risk
analysis.,

costs, seconomic analysis, energy recovery, ferrous/nmonferrous recovery,
glass, wmarketing, psper, plastic, pyrolysis, recycling, rubber scrap,
technology
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PROCESSING

301 Ambrose, J. A.
Composting. In Proceedings of International Symposium, "The Practical
Implications of the Reuse of Solid Waste.," 11-12 November, 1981, London,
U.K. Pages 63-111, Institution of Civil Engineers, 1981. References.

This paper reviews several large composting plants,. The
mechanical methods by which batch production has been modernized into
continuous plant operations are discussed.

Italy: The large Dano plant feedes refuse to stabilizers without
pretreatment, Compost is produced and stored in covered shipment frem the
site. A large percentage of plastics is removed., This includes the bags
uged for collection, which are then burned in incinerators. Metals are
left in the refuse and extracted from the product after discharge from the
stabllizers, The presence of metals in the stabilizer was reported to help
in the breakdown of the refuse.

Hong Kong: The plant was commissioned in 1979 and has a
through-put of 240 tons per eight hour shift. It is a combination of
several methods of producing compost, Refuse is fed through a primary and
secondary crusher before it i1s fed into a horizontal slow speed drum., From
this drum it 1s lifted to vertical composting towers, Each tower has three
floors. After a 72-hour retention period, it 1is passed to a covered
windrow for final maturing. The main purpose of this plant is to produce
suitable material for covering landfills, which is not readily available in
Hong Kong.

Libya: Three plants have been built in Benghazi, Tripoli and
Beida. Benghazi produces 400 tons per day; Tripoli 500 tons per day and
Beida 60 tons per day of compost. The refuse at all plants is pulverized
in both primary and secondary mills hefore being screened. The fine
product is then passed to the digester, Metals are extracted bdefore
gcreening., The system includes a compost grading plant, an incinerator for
materials not composted, a metals "roaster” and a baling system for
recovered ferrous metal,

India: The Bangalore system of composting has been used in India
for many years. Originally this was an anaerobic system used on a small
scale which provided a low-cost solution for the combined disposal of solid
wastes and nightsoil, These materials are placed in alternate layers in
small trenches which are sealed and left undisturbed for many months, The
contents are then dug out and used as compost,

This system is now being abandoned in favor of aerobic methods,
which are faster and need less land than anaerobic methods., The character
of solid waste components has to be analyzed to determine how suitable it
is for composting, Although similarities exist in solid waste throughout
the world, there are extremely wide variations in the proportions of the
components, This can vary not only between countries but even between
regions within the same country. Middle Eastern wastes are compared with
those of 1India and Europe in the table below. It illustrates the
importance of adopting composting systems to match available wastes.




CONSTITUENTS
A By Weight

_ India Middle East Britigh
Essential to compost
Vegetable, putrescible 75 50 28
Acceptable for compost
Mixed paper 2 20 37
Inert below 10 mm 12 14 9
Compostable total 89 84 74
Salvageable Constituents
Paper (also included above) 2 20 37
Metals 0 9 9
Glass 0 4 9
Textiles 3 4 3
Plastics A 3 3

TOTAL of potential salvage 6 40 61

composting, technology, eolid waste, India, Italy, Bong Kong, Libya,
organics

302
Advances in Smsll Scale Refuse Incinerators. Seminar Proceedings.
Newfoundland, Canada. Solid Waste Management Branch. Environmental

Conservation Directorate, EPS-3-76~10, 103 pages. 1978, References.

This document is based on two seminars held in Newfoundland to
congider the use of small—-scale refuse incinerators as a solution for
provincial solid waste problems, Topiecs 1included design, costs and
benefits, air quality standards and a detailed description of
state of the art. Detalled illustrations explain how the design of the
incinerator relates to the combustion process. The costs for all basic
types of units are presented and compared to typical landfill costs. Case
studies of three sites in Canada are reviewed. The data focus on how the
incinerators were selected, how their sites were selected, and how to meet
environmental standards economically, Federal regulations pertaining to
incinerators are evaluated,

Based on practical experience, the authors recommend specific
actions to take to meet various standards, e.g., where hydrogen chloride is
a problem they recommend limiting PVC in waste to 0.25 percent of feed.

small scale indystry, incineration, Canads
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303
The Bangkok Solid Waste Management Study in Thatilaud. Prepared by Japan
International Cooperation Agency. Tokyo, Japan, 1981. 523 pages,

This study provides a comprehensive analysis and implementation
plan for developing a solid waste management policy in Bangkok, Thailand.
The goals of this policy are to help clean up the city and promote
effective use of compost.

A history of solid waste management is presented and includes
present volume and properties of solid waste. Estimates are based on
statistical data and results of field investigations. Forecasts of future
volumes of waste for the yecar 2000 are made based on socio—~economic data.

Short-term improvement of solid waste practices was considered
from the point of view of management, collection, transport, compost
plants, final disposal and management during f£loods.

Compost operations began in 1961 with four plants currently
operating. An incinerator is attached to each plant to combust organic
wastes classified as unsuitable for composting. The four plants' treatment
capacity is 1,120 tons per 8 hour shift. The process begins with impact
pulverization of delivered solid waste, classification, S-day indoor
primary fermentation, and 2-month outdoor secondary fermentation using an
open—air storage method. Upgrading of compost for sale is conducted by a
syatem of 12 rotating trommel screens. Quality and fertilizer aspects are
described. Retail price for compost grades range from 370 Bhat/ton to 740
Bhat/ton. In 1980, total sales value was 7.7 million Bhat.

Ferrous metal 1s also recovered and sold, The amount of
recovered ferrous metal by the magnetic separator from the raw waste
entering the compost plants is approximately 0.8 tons for each 100 tons of
raw waste. The recovered ferrous metal is compressed into blocks weighing
30 kg on average. There were 2,400,616 blocks (about 72,000 tons)
recovered by the 4 compost plants in fiscal 1980, Retrieval of materials
by workers is done during regular collection of solid waste. The recovered
materials are purchased by junk dealers,

The monthly earnings by scavenging materials 1s about 1,500
Bhat, Cowrpled with other fees, a worker can almost triple his income.

Specific recommendations to improve composting operations
include: a manual or mechanical system to remove glass, metal, and
plastics; building a roof over the secondary fermentation yard; preparing
an operating and quality control manual; changing the pricing policy to
realize large scale sales at a low price; increase sales by selling
composted material as landfill cover and for use on parks and road
shrubbery; and encouraging trial applications on farm land.

Total estimated demand for city compost fs 90,000 tpd, or 1,900
tpd of compost plant capacity. Since the existing compost plants have a
total capacity of 1,120 tpd, additional plants with a capacity of 800 tpd
could be constructed. New plants should use aerated composting which is
low in production cost and easy to operate and maintain, Fertilizers
derived from various types of wastes are detailed.
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Methanation and feeding (conversion to cattle feed) were excluded
from resource recovery evaluation since these technologies are not yet
fully established,

Recommendations for improved environmental protection and public
health include door—-to-door collection, intermediate treatment (physical,
chemical and/or bioclogical procusses) to make solid waste non-toxic,
reduced in volume, and reusable,

solid waste management, composting, ferrous scrap, Thailand, scavengers

304

Bibliography on Disposal of Orgenic Refuse by Composting. Institute of
Engineering Research, University of California. Berkeley, California,
U.S.A. 1950, 80 pages. References.

This document 18 an annotated bibliography compiled by the
Sanitary Engineering Research Project of the University of California,
Berkeley, after a critical review of the literature. It includes selected
articles pertaining to composting. The main source of references from
which the bibliography was compiled were Chemical Abstracts, Industrial
Arts Index, Engineering Index and the World Bibliography of Bibliographies,

The bibliography 1s divided into sections of general references,
references to journals, and a subject index.

composting, developing country, organics, waste disposal/treatment

305

Compendium on Solid Waste Management by Vermicomposting. Prepared for
U.S. Environmental Protection Agency, Municipal Environmental Research
Laboratory. By Camp Dresser and McKee, Inc. Boston, Massachusetts,
U,S.,A. March, 1980. 55 pages., References,

This report assesses the technical and economic feasibility of
vermicomposting. It is based on a pilot study in Ogden, Utah, U.S5.A. The
specles of earthworms used, the physical parameters of the worm culture and
the physical and chemical changes that occur during vermicomposting are
described. Facilities and costs for cities of 50,000 and 500,000 are
detailed, using the Ogdern model and compared with sanitary landfill,
windrow composting, and modular combustion. The cost of US$24-~32 per ton
of processed waste was high compared to the other methods. The reason for
this may have been the use of shredding and magnetic separation to
homogenize materials. The Ogden test used shredded mixed waste subjected
to one pass through a magnetic separator for ferrous metal. This material
was windrowed for composting. Worms were added after three weeks.
Additional mixed waste was added. After the prior separation of paper,
glass, and metals, the study showed that for every 100 tons of waste, 36
tons of recyclables and 33 tons of worm castings are produced with i3 tons
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lost as moisture and volatsilzed solids and 18 tons left as realdue for
land f£111., Markets for the product and its environmental impact are

discussed.

vermicomposting, solid waste management, economic aunalysis, markets, United
States

306

lmproving Soil Fertility Through Organic xecycling: Compost Technology
Collected Lectures. Delivered during profect training course held at New
Delhi, India., October-November, 1980, Food and Agriculture Organization
of the United Nations, 214 pages. 1980, References.

This course covered theoretical and practical aspects of
composting. Both urban and rural composting techniques are discussed.
Participants in the training course were from ten Asian countries, Lecture
toplcs 1included fundamentals of composting, different methods, present
state of composting, low cost technology, compost enrichment, agricultural
agpects and more, Practical laboratory work and visits to compost
factories were part of the course.

This training course is intended for use as the basis for a field
wanual.

technology, Asia, organics, soil amendment, recycling, composting

307

Improving Soil Fertility Through Organic Recycliung: Management of Organic
Recycling. Proceedings of Project Seminar held in Kathmandu, 9-14 March,
1981. TFood and Agriculture Organization of the United Nations. New Delhi,
India. 1981, 221 pages.

The proceedings of this seminar concluded that recycling of urban
wastes has made substantial progress, although much research remains to be
done, Reports came from Burma, Hong Kong, India, Indonesia, Korea,
Malaysia, Nepal, Pakistan, Philippines and Thailand. Recommendations were:
1) it is important to consider the value of NPK in compost. Other benefits
guch as an improved environment, better health and long-term improvement of
a country’s soil need to be assessed when appraising proposals for compost
plants, 2) Local and national agencies mneed to closely coordinate their
efforts. This will aid marketing and promotion activities. 3) When
compost 1s prodacad from municipal wastes, it is essential that monitoring
programs be established to ensure that the product is safe. 4) It is
advisable to start marketing compost in advance of the commissioning of
plants. This could be accomplished by setting up a small (5 ton per day)
plant during construction of the main plant, 5) More research should be
done on the enrichment of compost in coordination with agricultural
regearch institutions.

composting, organics, soll amendment, recycling, weste management,
municipal wastes, Burma, Hong Kong, India, Indonesia, Korez, Malaysia,

Nepal, Pakistan, Philippines, Thailand
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308

Materiale Reclamation Weekly 1981 Directory and Haodbook. A, Cohen and
Company, Limited. London, U.K. 198l. 432 pages. References,

This catalogue is an up-to-date source for equipment for handling
secondary materials and market information. Primarily United Kingdom
manufacturers are represented. Materials specifications for European,
American and Indian industry are discussed for paper, nonferrous netals,
ferrous metals, textiles, plastics, rubber, chemicals and oills. Technical
test programs are reviewed. A glossary of terms is also preseated for each
material, Legislative developments are reviewed. There is an index to
advertisers and directory of United Kingdom reclamation companies.

equipment, manufacturers, paper, textiles, rubber, plastics, chemicals,
oils, United Kingdom, ferrous scrap, nonferrous scrap

309

Machanical Sorting of Household Waste in Rome, Italy. Environment
Committee, Waste Management Policy Group, Environment Directorate,
Organization for Economic Cooperation and Development. Paris, France.
1979, 16 pages.

Italy has established a national policy which examines all types
of rescurce recovery and reuse. This document is a case study of
householdwaste collection and mechanical sorting in Rome.

There are two plants, 600 tpd and 1,200 tpd in operation.
Residues are incinerated. Paper, iron, plastics, animal feed, compost,
steam, glass and electric power are recovered. Incinerated wastes produce
steam of 8 atm saturation used i{n internal technical process with part sold
to neighboring iIndustrial plants. Local markets for materials are
described, including types of contracts, and processing required.

In 1973 a basic charge of 3,850 lire per ton processed was paid
to the company by the Rome municipality, This includes a charge of 70
percent share for write~oif. The average charge for the period 1973-78 was
6,100 lire per ton., This corresponds with costs per ton for a safe and
effective treatment system.

sorting, wunicipal waste, animal feed, incineration, Italy, secondary
materials recovery, recycling, energy recovery, collection

310
Recycling of Waste Paper from Federal and Provincial Buildings in Toronto.

Environmental Conservation Directorate of Canada, Ottawa, Canada. 1977,
105 pages. References,

This document reports on the feasibility of collecting waste
paper from federal office buildings in Toronte, Canada. A pilot project
was Initiated that determined volume, composition, potential markets, and

costs. The pilot project indicated significant savings. Estimates of
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revenues from sales and disposal cost savings are US$57,420 per year,
Implementation costs are estimated at US$44,000. Total annual operating
costs are estimated at US$21,000. Net revenue and savings of US$8,020 per
year conld be generated at an sssumed X opportunity cost of capital (or
market cost).

waste paper recovery, office buliding recycling, Canada, cost analysis

311

Waste 011 Reclamation. United S5tates National Technical Information
Service, United States Department of Commerce. Springfield, Virginia,
V.S5.A. July, 1981. pages 1964-1981, PBR1-87471. References.

This published literature search contains state of the art data
on oll recovery, reclaiming and re-refining, from both technical and
economic perspectives. Generally, high technology systems are noted,
although pilot scale and small scale applications are included.

oil, environmental wmanagement, Tesource recovery, state of the art,
econoaics

312 Baldensparger, H. L.
The Akron Industrial Salvage Cowmpany: A Commmnity Incorporated Waste—
Saving Experiment. United States Department of Commerce. Waste

Reclamation Service. Government Printing Office. Washington, D.C.,
U.5.A., 1919. 20 pages.

This historic article discusses a community operated salvaging
program started in Akron, Ohio in 1918, Eventually a warehouse on a
railroad siding was chosen for the sorting of salvaged materials., No heavy
equipment was used. Material flow was: (1) offloading outside the
facility; (2) movement of materials into a basement; and (3) material moved
to a sorting room in an upper story. During a little more than a year, the
operation handled 600,000 pounds of wastes and sold 220,000 pounds.
Payment was based on weights of unsorted materials minus sorting charges.
Several firms pooled their wastes, creating a greater volume of salvageable
materials,

The document also discussed municipal source separation; prison
labor systems; public building collections; training of salvage managers;
and a British national waste saving program similar to the one in Akron.

source separation, community enterprises, recycling, salvaging, processing,
marketing, historical, prison employment, United States
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313 Bazes, C.I.

Neilson, T.D.
Pulling Iron Out of the Fire: Extracting Tinplste from Domestic Refuse
Prior to Incineration. Material Recovery, Ltd. and Staffordshire County
Council. U.K. February, 1980. 19 pages. References.

This article discusses the removal of tinplate scrap from mixed
wagte. Detinners require that the scrap be relatively free of coantaminants
such as food and plastics and not be crushed to permit adequate cleaning.
As a result, transportation costs for loose cans are very high.

The incorporating of a ferrous recovery system into an existing
waste incineration plant in Stoke-on-Trent Staffordeshire is described. The
system constraints include: limited space, need to open plastic bags, and
minimum opuggeting (crushing). A flail mill shredder was considered., It
would open bags and not nuggetize cans and was the least costly of the
options. However, it was rejected for its size and the vibrations it
produced at high speeds, Eventually, a slow speed shear shredder was
chosen. It shredded to minus 6" throughout at up to 30 TPH, opened all
bags, did not overnuggetize the cans, handled bulky material and some white
goods, and operated quietly.

After the first shredding, ferrous material 1is conveyed to a
secondary magnetic separator for a finer secondary shred. The £inal
product is baled for tramsport.

tinplate recovery, ferrous scrap, equipment, recycling, United Kingdom

314 Bowerman, F.R.

Compton, C.R.
Composting Operation in Los Angeles County. Compost Science Journal.
Rodale Press, Emaus, Pennsylvania, U.S.A. Volume 1, Number 4, 1961.
Pages 5-8. References.

This historical paper documents a unique pllot program in Los
Angeles County, California, U.S.,A. which involved low cost composting of
combined refuse and sludge. A concrete drum dryer unit, alfalfa grinder,
and miscellaneous conveyors were combined into a functioning pilot plant.
Mechanical rotation and forced air feed prepared sorted raw refuse during a
two day retention, This material was then windrowed for 4-6 weeks and
sold. Internal temperatures réached 160°F for 2 days which was sufficient
to destroy harmful bacteria., The mechanical unit was 5 feet in diameter,
30 feet long, and was rotated at 0.67 rpm or 10.5 feet per minute. The
unit functioned as continuous batch process and was later compartmentalized
to offset operating difficulties from the uniform mixing of stabilized and
unstabilized materials. Principal advantages include low capital cost, use
of readily available materials (dryer drum) and application of diverse
technologies to the composting process.

composting, costs, equipment, processing, organics, pllot plant, United
States, historical
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315 Bowring, E.
Mitchell, G.

Small Scale and Low Technology Resource Recovery Study. United States

Environmental Protection Agency. Municipal Environmental Research

Laboratory. Cincinnati, Ohio, U.S.A. Prepared by SCS Engineers. January,

1979, 253 pages, References.

This study was conducted to assess the applicability of various
approaches to resource recovery. Institutions, businesses, multi-unit
residences and small clities were included. The resource recovery systems
and technologies were limited to small scale operations, defined as less
than 100 tpd input, or low technology approaches, defined as having more
than 50 percent of operation and maintenance costs as labor. Out of seven
systems evaluated, two were 1dentified as economically and technically
feasible for the study: modular incineration with energy recovery and
source separation, A detailed analysis showed that modular incineration is
best suited for larger organizations and institutions. Source separation
was also found to be more suitable for larger situations, but better for
smaller institutions than modular incineration.

Recommendations for future research and development include:
more thorough waste characterization of the sources studied, investigation
of the effects of building design on resource recovery feasibility, and
further study of technologies.

waste recovery, technology, small scale industry, source separation,
incineration, energy recovery

316 Chesnin, L.
Windrow Composting Municipal Sewage Wastes for Land Application. The
Environmental Professional. Pages 85 to 91. Pergamon Press Ltd. London,
U.K., 1981 (Author at University of Nebraska). References.

This article is a historical review of sewage composting,
including pollution, technical and health problems. Examples of ongoing
projects in WNebraska 1in the public and private sectors are discussed.
Composting can reduce waste disposal costs. Windrow composting involves
mixing filtered sludge or sludge slurry with a drying and/or bulking agent
(organic) such as saw dust, leaves, straw, feedlot manure, ground corn cobs
and husks, This mixture is placed in an extended pile or windrow. The
molsture content should be less than 60 percent.

The author wrote a computer program which determines the optimum
amount of drying and/or bulking agents necessary to compost sludge or
slurry. The amounts depend on the temperature and differ seasonally, This
approach 1s less capital intensive and more flexible than forced aeration
systems despite the uneed for more land.

Windrow composting is an aerobic process which depends upon the
pile to supply oxygen needed by the mirobial population. Mixing can be
achieved by using modified manure spreaders, hydraulic feed mixing wagons
or front end loaders.
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High application rates of compost to agricultural soils were
found to reduce soil density and fuel requirements for tillage operations.
Also, the availability of nitcogen present in an organic form was greatly
increased,

composting, technology, wunicipal waste, organics, land applicationm,
historical

317 Clasen, G.A.
Present State of Processing of Salvaged Class. Erkelenyer
Maschinenfabrik, Erkeleny, Federal Republic of Germany. (Reprinted from
Sprechhsaal Ceramics, Glass, Cement. November, 1977. Pages 425-429 and
pages 064~668).

The West German glass manufacturer Erkelenzer Maschinenfabrik
pioneered work in the processing of salvaged glass cullet. They were the
first to apply the principle of screening cullet after the breaking
operation, in addition to traditional separation and removal of foreign
contaminants by means of an air classifier.

The development of the combined labor and automatic process is
described after tracing the evolution of glass cullet recovery processes
from labor intensive manual processing in 1957 to its present state,

Crushing equipment used for 1in-house, homogeneous cullet, was
modified for use on postconsumer glass, A circular vibratory screen with a
gradation of size of the perforations and a conaiderably enlarged total
sereen area, 3,000 X 1,000 MM was used. After screening, freed paper,
aluminum pieces and other contaminants are sucked off hy two jets. Foreign
contaminants are eliminated by a maintenance free, high performance cyclone
with collects materials in container continuously,

Overall process implementation has led to the development of wire
cloth reinforced conveyor belts and high quality wearing plates, among
other improvements. Experiments in color sorting based on ore sorting
equipment is ongoing.

Efficient handling procedures have lowered raw material costs and
contributed to reducing glass 1in the wmunicipal solid waste stream (8
percent by volume, 15 percent by weight).

glass, wmanufacturing, processing, equipment, wunicipal waste, glass
recycling, cullet

318 Cointreau, S.J.
Eaviroomental Management of Urban Solid Wastes in Developing Countries:
Project Guide. World Bank, Washington, D.C., U.S.A. 1982, 165 pages.
References.

The project guide provides information and procedures for
planning and implementation of solid waste management improvements. It is
designred to facilitate project preparation, appraisal and implementation of
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World Bank financed solid waste projects in urban areas. Current World
Bank objectives, policies, and project requirements are summarized. It
should also be of use to a wide audience involved in solid waste collection
and digposal in developing countries,

The project guide reflects the lessons and experience gained from
World Bank solid waste projects. The text discusses establishment of an
acceptable standard of collection and disposal service delivery, selection
of appropriate technology, development of suitable phased action plans,
arrangement of institutions for planning and management, arrangement of
financial resources, development of regulatory and enforcement support
services, provision of public education and participation programs, aud
incorporation of incentives and disincentives to facilitate project
success.

Information on sclid waste generation rates and compositions for
countricc of various levels of economic development 1s provided. Case
study information on the formal and informal sector refuse collection and
disposal activities prevalent in cities of developing countries is
provided. Problems and issues to investigate when planning are highlighted
through case study examples.

Annexes to the project guide include sample terms of reference
for consultants, a data collection workbook for planning techniecal and
management improvements, and worksheets for calculating wmunicipal budget
requirements to maintain, upgrade and expand solfd waste management
service.

waste composition, waste manasgement, envirommental management, developing
country, municipal solid waste, waste disposal/treatment

319 Darnay, A.

Franklin, ¥.E,
Salvage Markets for Materials in Solld Wastes. U.S. Environmental
Protection Agency. Washington, D.u., U.S.A, 192 182 pages.
References. .

This document discusses the structure, economics and institutions
of the salvage and secondary materials industry. Data on raw and secondary
materials usage i1s described, Technical, econoric, institutional, and
behavioral data are further detailed in 14 separate case studies. Trends
are noted which affect industry concentration and market pricing and have
resulted in a decline of the salvaging industry.

The salvage industry is noted as an old industry composed of
several levels of activity. These 1include: scavenging and collection
networks, dealers and brokers, and manufacturers. The industry has tried
to keep pace with the virgin materials extraction industry by concentrating
and mechanizing its operations. In the U.S, this has resulted in a
dramatic loss of small scale, famlly owned enterprises and a decline in
scavenging. Even so, paper, textiles and rubber are secondary materials
losing markets to virgin materials.




—es - S

The authors detail factors affecting recycling. Assuming the
reasonableness of recycling, they ask why the declining rate? Some factors

affecting the declining rate of recycling include: (1) costs of acquiring
secondary materlials are high; (2) virgin materials tend to be more
homogeneous prior to processing; (3) sorting of wastes has become repugnant
to many householders; (4) costs and benefits are somewhat equal and quality
demands have tipped the scale toward virgin materials; and (5) the advent
of synthetic materials and composites have limited the need for and cost of
recovery.,

Costwise, secondary industries expand (ca. 1972) between US$10 to
$20 per ton on physical acquisition and processing of wastes, exclusive of
price paid to suppliers and delivery. Such industries, thcugh, can do
little, considering the structure of the marketplace, to influence
commodity demand., Instead, they encourage or discourage supply networks
depending on demand and price.

A key to increased demand for recycled products is that virgin
materials should reflect their true soclo—economic cost which would make
recycled goods competitive with virgin materials, thereby equalizing
factors between the feedstocks.

secondary materials recovery, salvaging, economics, United States, solid
wastes

320 Duckett, E.J.
Contaninants of Magoetic Metals Recovered from Municipal Solid
Waste. National Center for Resource Recovery. Washington, D.C., U.S5.A.
November, 1977. 51 pages. References.

This publication contains three reports discussing recovery of
magnetic fraction from mixed municipal refuse--primarily steel cans. The
United States National Science Foundation funded the research to identify
technological barriere to increased recycling, where they exist, and to
present approaches mitigating their effects on the barriers themselves.
While technological barriers were the focus, economic and institutional
issues were discussed.

The document also presents data on the degree of mechanical
specification achievable. , :

sorting, ferrous/nonferrous recovery, organics, technology, magunetic
separation

321 Fukuda, H.
Research and Development of High Rate Composting Sub-System Proceedings of
the International Recycling Congress (Recycling Berlim '79). Berlin,
Federal Republic of Germany. Pages 1034-1039, E, Freitag~-Verlag fir
Umwelttechnik, 197%., References.

This paper describes a high rate composting subsystem, as part of
a complete material recovery system. The features of this subsystem
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include quick composting within digester, mechanical turnover, aeration and
forced draft of air, with the result that aerobic fermentation and
decomposition forms compost in a short period. The compost which is
produced has few contaminants in balanced particle distribution, The whole
system is automated from input of refuse to output of product. This cuts
operating and maintenance personnel to a minimum and reduces running cost.
The eggs of parasites and other harmful bacteria are killed by the heat
generated by aeroblic decomposition.

Results of basic research are detailed as well as site layout,
materials balance and equipment specifications,

Basic tests on fermentation conditions and the ability to
separate contaminants have satisfactorily demonstrated its practicality.
It 18 expected that the technology required for the design and operation of
a production plant will be established in further trials.

composting, pilot plant, organics, health and safety

322 Golueke, C.G.
Biological Reclamation of Solid Wastes. Rodale Press. Emaus,
Pennsylvania, U.S.A, 1977, 249 pages. References,

This 1is a comprehensive guide to biological and mechanical
processes assoclated with reclamation of organmics found in municipal and
industrial refuse, animal manure, crop residues, and sewage sludge,

As opposed to burial or burn systems, organic reclamation systems
recover one or more resources present in waste. They require less energy
than strictly physical or chemical process systems and this aspect is
lmportant to developing countries which are usually resource and energy
poor.

Technical and economic data on bioclogical waste treatment are
presented. Figures and exhibits illustrate the many techniques and
equipment used in the processes,

composting, organics, soil amendment, solid wastes, municipal waste,
industrizl waste

323 Golueke, G.
Composting—A Study of the Process and Its Principles. Rodale Press.
Emaus, Pennsylvania, U.S.A. 1975, 110 pages. References.

This book presents a modern historical perepective of composting,
particularly as a solid waste management technique, The early trend to
overmechanization is criticised as an attempt for quick profit. The use of
inoculums led to the overselling of the process and an expectation that the
sale of the end product would return all costs, Early reliable mechanized
systems included the Dano, Naturizer, VAM, Fairfield-Hardy digester and the
Terex-Cobey 74-51 composter.
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Composting 1is the biological decomposition of the organic
constituents of wastes under controlled conditions. Systems are classified
on bases of oxygen usage (aerobic or anaerobic), temperature (mesophilic
and thermophilic) and technology (open or windrow and wmechanical or
"enclosed”). Variable factors include the microbial population and the
nature of the infeed (subsirate),

Compost has a low NPK value relative to commercial fertilizers
and potential problems of heavy metals and virus survival, Rate
controlling factors are moisture, temperature, pH, nutrients, and oxygen.
The major factors in the destruction of pathogens in the compost process
are heat and antibiotic reactions. Temperatures in the upper 60s and low
708 C reached in the process are sufficient to kill most pathogens and
parasites,

The product may be used as a soll conditioner and mulch, and has
high potential for land reclamation.

composting, organics, appropriate technology, historical, health and
safety, land reclamation

324 Golueke, C,.

Mamual de Composteo en Pilas Para La Ciudad de Toluca. Sanitary
Engineering BResearch Laboratory. University of Californias. Berkeley,
California, U.S.A. 1975. References.

This manual promotes the use of compost in Mexican agriculture.
It provides useful information on how to make and use compost. Data 1is
provided for farmers for using refuse derived compost to reduce fertilizer
use, stabilize soils and increase water retention.

The author suggests that a local farmers plan and coordinate the
composting program.

The first phase includes a demonstration project which monitors
effects of refuse composts on land, crop yleld and cost. The advantages of
beginning with a small scale operation are (1) flexibility, (2) psychology
(the prospect of 5 tons is not as overwhelming as 100 tons), (3) visual
evidence to farmers, (4) transition benefits to larger scale, and (5) a
basis for economic and technical evaluation.

The manual presents easy to follow instructions on constructing a
pile, turning arrangements, and detailed directions for operating compost
processee. Monitoring for heat release can be an excellent indicator of
the maturing process. Managing the pile 1uncludes controlling basic
conditions including nutrient levels, water balance, and oxygen. Turning
involves breaking down and rebuilding a compost pile. This can be done
with equipment on hand and should, ideally, involve placing interior
material from the pile on the outside of the pile in restructuring.
Uniform decomposition will result, Other aspects noted included frequency
of turning, a monitoring program for oxygen, moisture, and process
completion,
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Excedgsively high carbon to nitrogen vatio is important to
quantify as soil bacteria will compete successfully with plants for
nitrogen, at least until the bacteria die off or the carbon is exhausted.
Eventually, the nitrogen in the bacteria will also become available to
plants; therefore immature compost can be applied to land but only well in
advance of crop planting.

Mexico, composting, processing, marketfing, agriculture

325 Gotaas, H.B.
Composting: Sanitary Disposal and Reclamation of Organic Wastes. World
Health Organization. Geneva, Switzerland. 1956. 205 pages. (Author at
University of California, Berkeley, U.S.A.) References.

This book is a world wide state of the art review of composting.
The author presents sanitary methods to treat and dispose of organic waste
materials which constitute health hazards. Proper utilization of wastes
can also help alleviate nutrition problems and soil deficiencies.

Raw materials, processing fundamentals and methods of composting
for cities, villages, small towns and individual farms are detailed.

composting, historical, state of the art, health and safety, organics

326 Hortenstine, C.C.
Rothwell, D.F.
Pelletized Municipal Refuse Compost as a Soil Amendment and Nutriemt Source
for Sorghum. Journal of Environmental Quality. Volume 2, Number 3.
American Society of Agronomy, Crop Science Society of America and Soil
Sclence Soclety of America. 1973, Madison, Wisconsin, U.S.A. References.

This study evaluated pelletized compost versus nonpelletized
compost for ease of handling and soil amendment value. Pelletized compost
was used In a green house siudy as a soll amendment and as a nutrient for
plants, The compost was first mixed with arrendondo sand and then spread
on the plants. The application of 8 metric tons/hectare of compost
increased the yields of two sorghum crops compared to the control. When
compost was  applied at a higher rate of 64 metric tons/hectare, yields
again increased compared to 10«4, 4-8.3 fertilizer applied at 2
tons/hectare,

Compoat applications 1increased all plant nutrients, except
manganase. In addition, water retention and caution exchange capacity of
the arrendondo sand were generally increased by compost applications.

composting, organics, municipal wastes, nutrients, soil amendment
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327 Kaiser, R.
Wasson, R.P.
Daniels, A.C.W.
Automobile Scrappage and Recycling Industry Study, Overview BReport. United
States Department of Transportation. Washingtoen, D.C., U.S.A. 1977. 398
pages. References,

The principal factors which influence the recovery of materials
from junked automoblles are discussed in this report. These include: a
1list of the kinds of materials which can be reprocessed, how automobiles
become part of the commercial recovery cycle, operations of the auto
wrecking industry which salvage serviceable parts, operations of the scrap
industry which take automobile hulks and make them into commercial grades
of scrap metal and problems associated with junked cars. A lggal review of
key policies and legislation which effect the recovery of materials from
junked autos is included. Currently there is a strong demand for auto
hulks by ferrous scrap producers and this has helped alleviate the problem
of an ever-increasing accumulation of junked autos. In 1974 the fractional
recovery of metallic materials from approximately ten miliion automobiles
was higher than from other forms of obsolete scrap. The estimated value of
the recovered materials was in excess of one billion dollars. The report
aleo discusses future trends and regearch, government policy and technical

analyses,

gsecondary materials recovery, ferrous scrap, nonferrous scrap, recycling,
plastics, rubber, govermment policy, automobiles

328 Volk, V.V,
Application of Trash and Garbage to Agricultural Lands. Land Application
‘of Waste Materjals Conference Papers. Des Moines, Iowa. 1976, Soil
Conservation Socley of America. Ankerry, Iowa. Pages 54-64. References.

This document is a review of technical papers pertaining to the
application of shredded raw municipal waste and composted municipal waste
on agricultural lands. Shredded or composted municipal refuse can be added
to solls provided large objects such as glass, metal and plastics are
removed. Most compost and all fresh municipal wastes have a high C/N ratio
and require additional nitrogen fertilizer to maximize crop productiocn.
Composts generally increase soll pH wunless large applications of
acid-forming fertilizers are applied, or the soil has an initially high
pH. The total amount of most plant nutrients 1s increased with solid
waste application., The plant availability may not increase in proportion
to elements added because of the Iincrease in soil pH with compost additions
and resulting precipitation of elements, such as copper, zinc, iron and
manganese. Plant nutrients immobilized 1in organic fractions of the waste
may become avallable over a long period of time., Before application of
elther compost or shredded garbage to soll, a chemical analysis should be
completed, with special attention directed to cadmium, =zinc, copper,
nickel, boron, and electrical conductivity. Boron problems in soils can be
alleviated by water management and careful selection of plants to be
grown, The application of compost and shredded wmunicipal waste improves
the physical properties of the soil. The water holding capacity,
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infiltration, and moisture retention in coarser textured soils at given
stresses are increased; soll erosion by water and wind is reduced; soil
structure 1s improved and friability of heavy soils is improved.

Composted refuse has greater flexibility than shredded garbage
because of 1its aesthetic appearance, more stable nature, and higher
nutrient content. Compost has been successfully used in roadside revegeta-
tion programs, city recreation areas, nurseries, and land reclamation
areas. Compost application to agricultural soils on the basis of plant
nutrient content is currently not economically feasible for most farms,

wmunicipal waste, composting, land application, crop yield, nutrients,
agriculture, solil amendsent, land reclamation

329 McGinnis, J. L.
Opperman, J.
Stephenson, D,
Boileau, G.

An Evaluation of Handling Stations in Waste Reclamation Systems. Waste

Management Advisory Board. Ontario, Canada. November, 1979. 196 pages.

References.

This report evaluates handling stations/intermediate processing
facilities in Canada. They are important as a link between collectors and
usergs of recyclable materials. Materials flows, markets, feedstock
arrangements, economics, energy balance, building design, labor, and
general operations are covered. The study indicated a need for the
following: 1) the handling station must be located near both sources and
markets; 2) the station should act as a positive force aiding local
collectors with program design, implementation and operations; 3) in
addition to marketing materials, the station should be involved in more
extensive marketing efforts; and 4) the program should support existing
solid waste management. The study showed that five times as many jobs can
be created using recycling collection centers, versus ordinary refuse
collection, This is an important implicatien for developing countries,
where job creation is a critical issue.

recycling, intermediate processing, ecounomics, markets, equipment, Canada,
waste management, animal feed

330 Ming, C.

The Recycling of Waste Acid, 011 Metal Scrap of the Shanghai Donghai 01l
and Chemical Recycling Works. Congervation and Recycling, Pergamon Press.,
U.K. Volume 3, Number 3/4. 1980. Pages 323-325. Abstract from Profit
From Pollution Prevention by Monica E. Campbell and William M. Glenn.
Published by Pollution Probe Foundation, Toronto, Canada. 1982, Page 318.

In the last twenty years the Shanghal Donghai oil and chemical
recycling works (Shanghal, Peoples' Republic of China), built in 1958 for
the comprehensive utilization of waste acid, oil and metal scrap, has
recovered more than 2.5 million tons of waste acid; extracted 8,200 tons of
chemical produvcts of 30 varieties including copper sulfate, copper
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carbonate, nickel oxide, and cobalt chloride; and refined 15 tons of silver
and 6,300 tons of oil from industrial residues, waste liquids, and oils.

Prior to the establishment of the materials recovery plant,
300,000 tons of waste acid were discharged annually from the industrial
city of Shanghai, The rivers and farmland were seriously polluted, and an
indemnity of 10 million yuan was paid annmually.

Prior to the construction of the acid reutilization component of
the recycling facility, investigations were completed to fully assess acid
consumption and discharge of waste acid. After an education phase of
informing acid wutilizing companies in Shanghai on the benefits of
recycling, recovery plant employees began reutilization trials.

To win the confidence of the acid utilizing factories, samples of
processed waste acld were sent to i1ndividvual companies for trial use.
Because the factories were previously accustomed to high quality acids,
they were not convinced that the recovered acids could ensure high product
quality until test trials provided satisfactory results.

Today waste aclds discharged by 60 factorles are processed for
use by 300 factories. For example, the waste liquid discharged by
pharmaceutical and titanium~white factories contain 15 percent sulfuric
acld and a high percentage of iron with a few impurities. After it is
retrieved and used by iron and steel plants in cleaning rolled steel, it is
returned to pharmaceutical plants for making iron protosulfide for medical
use,

The waste organic sulfuric acid solution containing 70 percent of
the acid discharged by dye works and chemical works is sent to chemical
fertilizer plants to make phosphate fertilizer. Weak sulfuric acid and
hydrochlorfc acid solutions are transferred to paper, printing and dyeing
mills to neutralize waste alkali solutions, and to make ammonium salt of
humic acid, a chemical fertilizer.

Waste hydrochloric acid is first used by electroplating plants
and metal drawing plants for cleaning their products, and is then re-used
in the manufacture of chemical reagents such as magnesium chloride and
calcium chloride.

The recovering and reuse of waste acids at Shanghal not only
minimizes environmental pollution but it alse saves resources and cuts
costs., For example, one iron and steel plant which used to clean rolled
steel with virgin sulfuric acid saved 54,000 yuan a year by using recycled
waste acid.

China, ferrous/nonferrous recovery, acids, oil, eanvirommental management,
pollution, chemicals, resource recovery, waste utilization, small scale
industry, reuse




331 Prohmmanee, P,
Composting of Refuse with Sewage Sludge. Asian Institute of Technology.
Bangkok, Thailand, 1968, 60 pages, References.

This thesis focuses on composting as the optimum approach for
solving Bangkok's environmental problems. Both open windrow and mechanical
composting were studied. Two mixtures, ground refuse and refuse mixed with
sludge, were used. The mechanical methods studied were an enclosed chamber
system and a rotary drum system. The composting materials were turned
every day for the first week and then once a week for five weeks, for a
total composting time of six weeks. Temperatures were recorded before
turning and samples were analyzed for moisture content, volatile solids,
carbon, total mitrogen, phosphate and potash. In most cases, pasteurizing
temperatures Were maintained and there were few problems from flies or
odors. Results indicated that mechanical composting 1s better as less land
is needed, odor and vector problems can be controlled and decomposition
occurs faster. The major plant nutrients varied only slightly in finished
compost between refuse, refuse sludge, and the mixture. As 1t is
economically advantageous to dispose of two wastes by the same process, the
mixture of refuse and sludge was favored.

composting, sludge, orgamics, Asia, recycling, Thailand, outrients, health
and safety
332 Riley, M.
Bubnick, J.
Pandya, V.
Peters, R.
Low Techmology Solid Waste Management Optioms. Pollution Probe Ottawa
Solid Waste Management Group. Ottawa, Canada, 1977, 55 pages.
References,

This article analyzes the potential for recycling in Ottawa,
Canada. Waste recovery projects in Canada, U.S8, and the U.K. were
contacted for information. Document excerpts and reprints are included.
During a two month period local merchants, househclds, and government
agencles were contacted to assess their attitudes towards recycling,. A
successful composting ocoperation was carried out in an urban neighborhood,
in order to demonstrate its viability. The authors recommend that further
research is needed. The study found that source separation of waste and
decentralized collection of separated wastes are technically and
economicaily feasible. A system including local processing of recycled
materials will improve the urban economy, help create jobs and encourage
small scale industry development. A majority of the people surveyed were
prepared to recycle their wastes, provided it is not too complicated and
curbside collection service is provided.

source geparation, collection, econmmics, surveys, Canada, solid waste
management, recycling




333 Sathianaman, V,
New Shortcut Mesthod of Making Compost (Kasala Menik) by the Dalpadado
Process. Ministry of Agriculture, Sri Lanka. 1981, 2 pages,

This circular is distributed by the Ministry of Agriculture, Sri
Lanka, as part of a pilot project to encourage small scale composting of
municipal wastes in low income urban areas. The avallability of finished
compost will enhance urban gardening. Compost has numerous advantages. It
can be produced by anyone, with a minimum of tools and technical training.
A l2-day process for composting munlicipal wastes is described. Suitable
organic wastes such as lawn clippings, cattle dung, human wastes, etc.,
should be well mixed, and gathered in a heap. The heap shoculd be composed
of 15 to 16 layers of material, each about six inches thick. The finished
heap should be no more than six feet wide and three feet high. The length
will depend on the site and avallability of material. It should be kept
molat at all times. Small materials decompose faster. Plastics, which do
not break down easily, should be sorted out. Turn and add water on the
second, sixth, ninth and twelfth days.

composting, small scale industry, Sri Lanka

334 Seldman, MN.N,
Ospina, F.

Report to the World Bank Solid Waste Collection and Disposal Project for

the Metropolitan Area of Medellin, Colombia. Institute for Loeal

Self-Reliance, Washington, D.C., U.S.A. 1979, 32 pages. References.

This report aasesses the potential application of new and
developing waste utilization technologies which could maximize the
productivity of working people already active 1in the informal waste
recovery sector, The technologies, which are characterized by their labor
intensive procedures, are of benefit to the economy and society in general
and waste recyclers in particular.

The repnrr! documents the production aspects of the solid waste
sector in Medellf:, Approximately 4,000 people earn their 1living
exclusively from recycling waste in Medellin, ¥From 300 to 800 people hand
pick recyclable materials at the landfill, and 3,500 buyers go from
door-to-door purchasing or scavenging materials from households and
businesses, Several thousand formal jobs in processing and manufacturing
enterprises are supported by this flow of secondary materials ¢to
industries. Key aspects of the economic, organizational and technological
structure of this activity are presented.

The report concludes that there £s an immediate opportunity to
increase the social welfare. The scale, efficlency and costs of
establishing technologles/enterprises are estimated. These enterprises
could rationalize existing recycling activity and integrate recyclers into
the formal economic structure of the Medellin metropolitan area. A
preliminary requirement 1is a nontraditional approach to solid waste
planning which establishes as its goal the need to integrate and balance
the requirements and scale of the solid waste collection/recycling system




with economic and social needs of people making a living from the waste.
Alternative solid waste management recommendations are made and guidelines
for investment in technologies are provided.

scavengers, landfill, recycling, research and development, community
enterprises, waste disposal/treatment, Colombia, solid waste managewent

335 Stone, G.E,
Wiles, C.G.
Clemons, C.A.
Composting at Johnson City. Final report on Joint United States
Ervironmental Protection Agency--Tennessee Valley Authority Project.
EPA/530/SW-31r,.2,U.S. EPA, Washington, D.C., U.S.A. 1975. 336 pages.
References.,

The technical feasibility of windrow composting of municipal
refuse with or without sewage sludge was established, Windrow temperatures
of 122°F to 130°F maintained for at least seven days destroyed pathogens
predicted in refuse and known in sludge.

Sewage sludge, cow paunch, poultry manures, animal blood, and
pepper canning wastes in varying amounts were successfully co-composted
with municipal refuse.

The addition of urea—ammonium nitrate appeared to 1inhibit
microbial activity while adding limestone aided composting., Both additions
caused a loss of nitrogen. About 33,503 tons of refuse were processed,
averaging 37 tons per day. Screened compost accounted for 44 percent of
incoming refuse, Rejects accounted for 4l percent.

Upgraded screened compost samples contained an average carbon- to
nitrogen {(C/N) ratio of 28, Nitrogen content of 1969-70 compost was 1.3
percent (dry weight), An air classifier removed most glass contamination
from screened compost.

Total plant construction cost in US$960,452 plus US$61,280 for
mobile equipment, Operating costs varied from US$18.45 to US$22.91 per ton
of refuse processed and cost at operating capacity was estimated at $13.40
per ton. The most cost effective procedure was handsorting to remove
selected materials for resale. Significant elements of cost were
attributed to special projects. Costs per ton related to plant size were
estimated ranging from about $10 per ton for a 200 ton/day plant to $19.70
for a 50 ton/day plant.

Yield tests for grain sorghum, corn, and bermuda grass were
positive with compost application, In addition, physical properties of
soll were improved as were soll content of potassium, calcium, magnesium,
zinc, crganlc matter »nd pH valwvae,
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Market values varled, averaging US$5.80 per ton defined more as a
user willingness to pay rather than actual worth.

composting, wunicipal waste, econoamics, sludge, organics, health and
safety, sorting, small scale industry, United States

336 Vesilind, P.
Riinu, A.E,

Unit Operations In Resource Recovery Engineering. Prentice~Hall.

Englewood Cliffs, New Jersey, U.S.A. 198l. 452 pages. References,

Accelerated extraction and continving ecarecity »f rew materials,
coupled with environmental and ethical constraints on the disposal of
wastes, has resulted in a steadily increasing interest in the recovery of
materials aud energy from solid waste~—especially mixed municipal wastes.
The problems assocliated with mixed refuse processing and material
extraction for sale has spawned a discipline popularly known as resource
recovery enginecering. The book literally borrows from diverse sources so
as to develop a generic information base focusing on mixed waste materials
separation and energy recovery operations from a fundamental viewpoint. As
a state of the art of research, pilot scale, and benchmark applications,
coverage is very analytical.

Tesource recovery, energy recovery, solid waste, municipal waste, state of
the art, pilot plant

337 Vogler, J.
Municipal Refuse Composting. Materials Reclamation Weekly. A. Cohen &
Company, Ltd. L¢ndon, U.,K. January 17, 1981, Pages 20-22. January 24,
1981, Pages 16-18,

This paper discusses composting facilities in several developing
countries, Composting offers an excellent opportunity to fertilize and
rebuild depleted or fallow soils, However, many countries ignore the
advantages of long-term considerations in favor of short-term solutions.
Transportation costs often preclude active marketing of compost.

Various programs in Mexico, Thailand, and India are described,
Probleme and solutions are presented., All plants are highly mechanized.
Costs of construction and operation are greater than the return on the sale
of compost. Mechanical failure and low quality compost resulted from the
use of over sophisticated equipment and processes, Final screening of
compost through a 10 mm mesh is essential to produce a quality product, but
wag not used in the majority of plants studied. The compost was usually
contaminated with pulverized glass and plastics. Other problems which need
to be overcome are high moisture content and a lack of market research,

organics, composting, municipal waste, Mexico, Thailand, India




338 Weiss, D.B,
Intermediate Glass Processing. NCRR Bulletin. National Center for
Resource Recovery. Washington, D.C., U.S.A. Volume 9, Number 3,
September, 1979. Pages 52-61. References,

This article reviews the development of intermediate glass
processing (IGP) which improves the quality of glass for recycling.

Virtually all glass supplied for recycling is derived through
source separate recovery., However, most glass 1s not in a readily usable
form. Intermediate processing in this category 18 defined as glass
acquisition, beneficiating and sale to glass manufacturers, IGPs are
intermediate in terms ol (1) providing marketing and ungrading services
needed by glass manufacturers; (2) acting as intermediaries between markets
and collection programs/generation sources; and (3) the level of technology
used, The level of technology may consist of varying combinations of labor
or manual picking and small scale equipment including crushers, magnets,
screens, washers, etc. With different combinations of equipment and labor,
materials other than glass can be processed.

Three factors influence the success of an IGP: economies of
scale, management of transportation, and management of lsgbor. Larger
operations {1,000 tons/month) are the most economically viable. Often
these operations have successfully promoted backhaul arrangements. The
number of employees may vary between three and thirty people, with the
average being five to eight people.

processing, glass, equipment, labor

339 Yoda, T.
Mjazaki, T,
Machida, 0.
Making Pulp from Municipal Wastes. Proceedings of the International
Recycling Congress (Recycling Berlin '79), Berlin, Federal Republic of
Germany., Pages. 1176~1179. E. Freitag~-Verlag fiar Umwelttechnik, 1979.
References.,

This technical brief describes a pilot scale resource recovery
system operated in 1977 in Japan. It contained a subsystem of 10 tons per
day capacity which could process pulp from a subflow with an increased
percentage of fiber,

Raw material 1s also contaminated by spoiled garbage and
bacteria, so the system consists of: (1) shredding, course screening,
washing, sterilizing and (2) bleaching and fine screening. The equipment
consiste of: a pulper for disintegrating; screen and cyclone for
eliminating plastics and other foreign matter; Decker and Screw-thickner
machine for washing; Jown for bleaching; and pulp machine for making pulp
sheets.




- 80 -

The pulp endproduct may be used for middle or back layers of
white board and corrugated fibreboard together with other pulp. If the
amount of contamination of pulp 18 reduced and the mixing ratio with other
pulp 18 increased, pulp may be used for lower grade of writing paper and
tollet tissue paper.

paper, pulp, municipal waste, fiber, Japan, Asia, cardboard
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WASTE UTILIZATION

401 Aleshin, E,, ed.
Proceedings of the Sixth Mineral Waste Utilirzation Symposium: Industrial
Wastes——Scrap Metal--Mining Wastes——Municipal Refuse. United States Bureau
of Mines. Department of Interior. Washington, D.C., U.S5.A. 423 pages.
1978. References.

The value of secondary mwaterials 1s determined by wmany factors
including changing technology, tax policies, transportation costs and new
applications. This symposium examined technical and economic factors,
highlighted progress over the last 10 years, and reviewed problems and
solutions, The proceedings are comprised of 55 papers grouped in
categories dealing with material and energy recovery technology; the
categories are general, mining and mineral wastes, municipal refuse,
industrial wastes, and scrap metal. The papers presented on municipal
wastes focus on resource recovery from mixed waste, Plants in Albany (New
York), Baltimore County (Maryland), Ames (Iowa) and plants built by AB
Svenska Flakfabriken are discussed with regard to their operations and
costs. Other papers focus on glass, aluminum and paper recovery. Various
fuel preparation technologies are described. Complementary processes for
benefication and utilization of paper, plastic magnetice and degradable
organics are also descrided.

resource recovery, energy, secondary saterials recovery, technology, United
States

402 Alone, B, Z.
Pathe, P. P.
Titus, S. K.
Bhide, A. D,
Anscrobic Digestion of City Refuse and Dung. Indian Journal of
Environmental Health. National Environmental Engineering Research
Institute. Nagpur, India, Volume 20, Number 2., 1978, Pages 134-140.
References.

Anaeroblc digestion of animal dung has been extensively
investigated, but the use of city refuse in digestion systems is relatively
unknown, This report assessed the feasibility of combined feedstocks,
using dung and an organic fraction of city refuse (OFR). The one year
study at the National Environmental Engineering Research Imstitute in
Nagpur, India characterized ORF and dung., This was used to design the
laboratory scale system. To initiate the digestion, a "seed" was obtained
from a nearby dung digestion plant. Critical to the design was that the
town refuse fraction has only a 1-5% moisture content, indicating extensive
drying prior to use. Results showed maximum gas production was obtained
from a mixture of 62.5 percent dung and 37.5 percent OFR, Reduction of
volatile matter ranged from 45 to 54 percent, Gas production ranged
between 97 to 347 litre per 1000 kilograms of volatile matter depending




- 82 -

upon the temperature of digestion and composition of slurry feed. The
study showed that OFR could be digested alone, although gas production was
lower than that produced from the optimum mixture,

biogas, anaerobic digestion, organics, India, ssall scale units, energy

403 Anderson, M. W,
Lipshutz, T.
Cooey, J. T,
Savage, G,
Recycling Mixed Waste Paper into Innovative Products. U.S. Department of
Energy. Performed by Garbage Reincarnation, Inec. Santa Rosa, California,
U.S.A, January, 1982, 77 pages. References.

This report presents preliminary data on uses for mixed grade
waste paper. A literature search and site visits produced two potential
uses: paper~derived firelogs and agricultural products. Firelogs
underwent a feasibility study that included technical, envirommental amd
economic evaluation. Animal bedding was subject to field and laboratory
testing. Emphasis in selecting technology was for environmentally sound
products which could be locally produced and used with a low to moderate
capital investment. Mixed paper is s low value material and normally
cannot support extensive transportation, processing and marketing
eXpenses, It was found that successful operations develop horizontally
integrated products which can be produced in relatively small amounts, with
shared equipment, The report summarizes paper grades (definitions and
uses), availability and collection of mixed grades, firelogs and pellets
(technical and economic data), agricultural products (bedding, compost
process bulking agents, fiber mulches), cellulose insulation, and
construction materials (construction board and molded products).

fiber, paper, agriculture, animal bedding, cellulose insulation, wnod
gubstitutes, cardboard, molded products, recycling, composting

404
Glass and Glasswmaeking. United Nations Industrial Development Organization
(UNIDO)., New York, New York, U.S.A. 1977. 111 pages. References.

This monograph is intended for those entering the industry and
for experienced glassmakers who do not have a formal grounding in their
subject, The monograph presents a history of the industry, a technical
discussion of the theory and practice of glass making, a consideration of
the economic problems involved in satting up a glass factory, and a survey
of current trends.

Modern automatic glass making is a capital intensive industry
depending on a large output to be viable. Profitability may be lost
because of an inability to reach the projected output, as well as from
insufficient demand. A target of perhaps 60% yileld in the first year,
working up to 90% in the third year, is reasonable and will probably
correspond to the time it takes to penetrate the market, but substantial
amounts of working capital will be needed.
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Establishment of a glassmaking industry is usually proposed in
developing countries as a substitute for imports. 1In theory, the demand
should be known. In practice, the degree of potential market penetration
is unknown unless the industry 4s protected by tariff walls, at least
during the early stages of development. However, the possibility of using
exports to expand demand is limited because the industry seldom grows out
of its early stages; prices remain high and the quality tends to remain
low. Market trends over the three years of building are very difficult to
foresee; the establishment -of the industry itself may have a significant
effect on those trends., If the project is truly viable, it is likely to
realize potential markets because it wmakes glass locally available, but if
it has only an apparent viabdility because of tariff walls, it may have the
opposite effect, by driving bottle customers to alternative contalners such
as cans and plastics, for example,

In developing possible glass industrial plants which could
thzoretically utilize cullet or scrap glass, three steps are considered:

» Pre-feasibility study with the purpose of determining whether
a detailed study is warranted;

. Feasibility study to determine the best choice of product
and technelogy, estimate the viability of the proposal, and
establish the ground rules for seeking offers;

» Preparation of offers.

Comparison of firm offers and reappraisal of the project should
not 1involve wmore than wminor rethinking. However, it is probable that
considerable economies 1in the capital cost can be made 1f capabilities
already existing in the country are fully exploited.

The size of the market and consequently the scale of the
operation to be considered has more aspects than the effect of volume in
absorbing fixed cost. If the volume requires several production lines,
production can be planned to make the load on the furnace substantially
constant and a furnace designed to this capacity will provide economical
melting, On the other hand, if one forming machine will meet the whole of
the demand, melting efficiency is golng to be very low when a light weight
article 1s being made, and any breakdown will stop production altogether,
Again, many of the capital items are required whatever the scale of
operations is, and the cost of those which are scaled down in output 1is
disproportionately high., In the same way, staff and labor requirements are
relatively higher for small scale operations, The size of the individual
orders is another important consideration; a production run on automatic
machines must last long enough to absorb setting up costs.

Attempts to scale dowm a conventiouu_ factory must reach an
absolute limit corresponding to a one furnace, two machine installation.
For both glass containers and sheet-glass production, this limit
corresponds to an annual output of about 10,000 tons, or 30 tons per day.

Import statistics seldcm give any details of the size, shape, and
color of containers or of the numbers in individual orders. This
information, the market spectrum, is vital for automatic production. It
usually happens that a country, without its own factory, imports a wider




variety of sizes and shapes than is neceesary because they have had the
whole world to choose £rom. The ©prospects of some degree of
standardization must therefore be established, and the likely trend of
future demand must be estimated,

While the monograph considers only factory cullet, the
opportunities for use of locally derived waste cullet (post consumer)
exists. The monograph concludes that a glass factory in a developing
country has few advantages, and that the most must be made of them due to
the competition from factories in industrialized countries, with their
large markets, developed skills and know~how., The advantages include local
materials, fewer import costs, and efficient use of labor. The cost of
labor, when efficiently used, is usually lower in developing countries.
The scope for optimization depends very wmuch on efficient labor
utilization. Certainly, the use of two persons to do one person's work is
particularly inefficient in the glass industry, where "too many cooks spoil
the broth.”

glass, glass wmanufacturing, labor, small scale industry, developing
country, industrial development, cullet

405

International Forum on Appropriate Industrial Technology. Prepared for
Agency for International Development., Washington, D.C., U,S,A. 5 October
1978, Working Group Number 10--Appropriate Technology for the Manufacture
of Pulp and Paper Products. Held at New Delhi/Arand, India on November
20-30, 1978. 18 pages. References.

This article describes a low temperature and low pressure pulping
operation. It is designed for small, independent producers of paper board
in areas where wood supplies are limited. Low pressure temperature pulping
is operated in conjunction with a waste paper mill or packer, The system
is designed for flexibility and low cost, Employee training is easily
accomplished, Results of cnvironmental studies showed low quantities of
specific pollutants which are normally found and difficult to remove from
water used in traditional high temperature/high pressure pulping systems.

small scale industry, developling country, pulp, waste paper recovery

406

Proceedings of Symposium on Utilization of Waste Glass in Secondary
Producta: A Study of the Techuology, Marketing, amd Economics of
Manufacturing Valuable New Products from Waste Contalner Glass. Technology
Application Ceater. University of New Mexico, Albuquerque, New Mexico,
U.S.A. 358 pages. 1973, References.

This reports documents the first meeting devoted exclusively to
the recycling of waste glass bottles and jars, Virtually all of the
available technologies for turning used container glass into a variety of
new and useful products are discussed by industry and university experts.,



Papers are presented on topics including: road surfacing and
construction; terrazzo and other glass products in existing buildings;
refuse glass aggregate in Portland cement concrete; uee of glass &s a
Pozzolan; vibrocasting glase containing construction panels; glass wool and
other ceramic products; glass=-polymer composites; foamed glass insulation;
tiles; recycling glass 1in remote areas; and analysis of economics and
markets for secondary glass products,

Back hauling in empty trucks 1s suggested as a remedy for high
tranaportation costs, Material specifications and investment criteria are
included for most papers. A contact 1list of industry officlals is
provided.

glasa manufacturing, glass recycling, road surfaces, vehicles, small scale
iodustry

407
Pulp, Tomlinsons Paper Pulp Molding System Booklet. Tomlinsons, Ltd.
Rochdale, U.K. 6 pages.

This booklet describes a' comprehensive range of paper pulp
processing machines offered by Tomlinsons, Ltd. based on the unit
originally conceived by E. F. Schumacher in his famous small scale egg
carton production idea for Zambia.

Colorfully illustrated, the booklet covers the process, plant
sizing requirements, resource requirements, and various products.

paper, pulp, molded product, small scale industry, fiber, equipment

408

Report of the First Year of Operations for ENCORE!s (Envirommental
Container Re=use} Wine Bottle Washing Project and a Look at the Fotential
for Wire Bottle Reuse, Ecology Center, Inc. Berkeley, California, U.S.A.
March 1976. 43 pages.

This document is a report on the first year of operatio: of
ENCORE!, a wine bottle washing project. It projects the potential for
expanded wine bottle reuse., The operation is described in detail with
economic data for the current facility and for a largar scale plant.
ENCORE! links wineries, recycling centers, restaurants, stores, community
groups and individuals in a prograx that demonstrates that glass bottles
can be washed and reused. The process involves collecting bottles and
transporting them to a central facility, where they are hand sorted, washed
and sterilized in a hydraulic bottle washer. The bottle washer was custom
engineered for ENCORE!. After processing, bottles are packed iato new
cartons and distributed to wineries.

ENCORE! 1is a self-supporting project, which employees six
people, It processes 8,000 cases of wine bottles monthly, as of 1976,

bottle washing, economics, collection, recycling, equipment, labor,
environmental management, glass
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409 :
Technical Factors Governing the Recycling of Plastics. British Plastics
Federation. Lonlon, U.K. #243/1, July, 1979. 12 pages. References.

All plastics recycling depends on remelting and reprocessing by
extension and molding as reported by this document. It documents technical
factors governing plastics recycling from technical and nontechnical
perspectives. End products can be either feedstocks (resin or blends) or
actual marketable items (such as fence posts).

Major constraints to increased polymer recycling include: (1)
difficulty in identification of polymers during sorting; (2) inability to
melt impurities as a means of quality control; (3) difficulty in
transporting low bulk densities; (4) incompatibility among the wide range
of polymers for blending.

Ideally, recycling occurs when a single polymer type of knovn and
consistent formulation is used. An effective general rule is that the
greater the mixture, then the dirtier, the wetter, and the less consistent
the scrap will be; consequently, the cruder and less consistent the end
products will become that use the mix as a feedstock. As a result,
industrial scrap (known formulation, concentrated, and generally unmixed)
i1s routinely reclaimed while post consumer polymers derived from municipal
solid wastes are not,

plastics, plastics recycling, technical factors

410 :

Urban Waste Wood Utilization. Proceedings of a Conference on Alternatives
to Urban Waste Wood Digposal. 26-28 March, 1979, Charleston, South
Carolina, U.S.A. 126 pages. U,S. Department of Agriculture, Washington,
D.C., U.S.A. 1979, References,

The Southeastern Forest Experimental Station sponsored a
conference on the subject of urban waste wood, Seventeen papers were
presented with topics focusing on: resources, utilization options, and
planning, Urban waste wood 18 a source of fiber and construction
materials. The best way to obtain it 1is via source separation. A
significant benefit is that it does not enter the Ilandfill. Potential
products are: paper, stakes, mulch, firewood, and industrial fuel., Legal
and environmental issues and consumer demand are the focus of planning
efforta.

wood, fiber, source separation, envirormental wmanagement, product
development
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411

Use of Agricultural and Industrial Wastes in Low Cost
Construction. Department of Economic and Soclal Affairs, ST/ESA/51.
United Nations. New York, New York, U.S.A. 1976. 56 pages. Referencea.

Many countries produce large quantities of agricultural and
industrial wastes as well as growing quantities of consumer wastes. None
of these ere adequately utilized, In order to assist developing countries
to find ways to reduce construction costs through replacement of
traditional and imported building materials with ones made of wastes, the
United Nations Secretariat convened an ad hoc Expert Group Meeting on the
use of Agricultural and Industrial wastes in low cost construction., This
document presents information compiled at that convention,

Issues were reviewed concerning the development of the buillding
materials industry, with particular reference to practical ways of
utilizing agricultural and industrial wastes. They formulated
recompendations that would ultimately help the building and constructfion
industries of developlng countries., Each country must be responsible for
producing critical building materials which are increasingly expensive to
buy. This situation is complicated by the fact that raw materials are not
evenly distributed, Developing countries cannot continue to depend
indefinitely on many of the raw materials that are currently used. Most of
the developing countries rely heavily on imports of building materials,
especiclly petro-chemicals, Building materials account for 14 to 40
percent of construction costs.,

Ways have not yet been found to substitute wastes for expensive
imports. Other topics considerad were: survey of past and current
research on the development of the production of building materials and
components for low cost construction from organic wastes; inorganic
industrial refuse and byproducts and consumer wastes; economic and
technical aspects of collection and processing various agricultural and
industrial wastes; adaptation of current technology to the use of
agricultural and industrial wastes for the production of building materials
and components; problemse of marketing and promoting of building materials
and components made from agricultural and industrial wastes; and, the role
and importance ofstandards and quality control in the development of new
products, Proposals for the development of ©building materials and
components from wastes were presented.

industrial waste, agricultural wast., waste utilization, biilding
materials
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412 :

Using Municipal and Agricultural Waste for the Production of Horticultural
Crops. Proceedings of the Symposium of the Industrial and Municipal Waste
Utilization 1in Horticulture Working Group, American Society of
Horticultural Science. Alexandria, Virginia, U.S.A. 1979. 20 pages.
References.

This document contains six papers presented on processing and
utilization technology, regulations and marketing of organic material.
These were presented at a symposium for horticulturalists. The purpose was
to make them aware of rapidly changing technology for recycling organic
wastes and nutrient rich wastewater.

Horticulturalists are in a unique position to help solve
pollution problems caused by disposal of certain waste materials. The
industry utilizes large quantities of organic and 1inorganic materlal to
grow a wide variety of food and non-food crops. Fertilizer needs can be
reduced.

composting, organics, wmunicipal waste, agricultural waste, agriculture,
pollution, fertilizer

413

Utilization of Non—Ferroue Scrap Metal. Report of the Expert Group Meeting
on Nonferrous Scrap Metal. Vienna, Austria. 25-28 November, 1969, United
Nations Industrial Development Organization 1970. 74 pages., References.

A umeeting was convened to examine state of the art in the
secondary nonferrous metals industry and to make recommendations for
improving this industry in developing countries. The report deals with
aluminum, copper, lead and zinc. Resource recovery from home, prompt and
obsolete scrap are discussed. The sources and recovery techniques, quality
controls, and melting technology for each of the subject metals are
presented in detail. The consumption of nonferrous metals in developing
countries is increasing (estimated between 5-18 percent per year for the
metals listed). The scrap supply is increasing concurreantly. Metal
recovery lends itself to both large and small scale operatioms, enabling
countries to begin on a modest scale to utilize the best combination of
techniques and labor intensive methods,

Recommendationg include: promoting the establishment of
collection and processing facilities and foundries which would use local
scrap, surveying the potential scrap and residue resources, surveying
potential uses, and investigating opportunities for technology transfer
from well-developed industry sources., Additionally, it is noted that: in
nonferrous metal recovery, 60-85 percent is thke accepted maximum rate of
recovery; the capital cost of secondary metal facilities is lower than the
cost of primary metal an order of one to ten; increasing the use of scrap
demands a highly efficient service for the acquisition and transportation
of scrap to keep cost down; and, complete and accurate resource data are
important to assure prudent use of secondary metals,

nonferrous scrap, labor, recycling, developing courtry
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414 ' Barnett, C.J.
Remanufacture of Durable Metal Pruducts: The Concept and iIts Potential in
the Countries of the Andean Regilon, Massachusetts Institute of
Technology. Cambridge, Massachusetts, U,S.A. 1980, 160 pages.
References.

Thie document examines remanufacturing in six Latin American
countries: Venezuela, Colombia, Ecuador, Peru, Bolivia, and Chile,
“"Remanufacturing” describes a procedure which rebuilds products wusing
discuarded units of the product as the principal raw materiala. By using
techniques similar to those employed in the original manufacture of the
product, remanufacturing yields a product which will meet new product
performance and durability standards. Remanufacturing of certain types of
durable goods is well established in developed countries. For those
products, 1t 4s substantially less expensive than new product
manufacturing. For this reason and because remanufacturing is labor
intensive, the concept can be applied to developing countries. Factors
which make 1ts consideration in Latin Amerfcs attractive include: a lack
of repair and wmaintenance services, problems obtaining spare parts, high
import duties, and a need for training and industrial skill deveiopment
opportunicies.,

The most promising products for remanufacture in the Andean
countries are thoese for which new product distribution networks and repair
services are already well established., Light and heavy duty automotive
products, mining and construction equipment, and distribution transformers
are candidates, Of particular importance is the development of skills and
technologies beginning with gereral repair, specialized repair, rebuilding
and finally manufacturing. This evolutionary process by which
industrialized nations enter remanufacturing is of direct use for the
Andean countries, The role of government policy is critical in the
development of remanufacturing, e.g., tariff Dbarriers, government
ownership, Some industries in developing countries have started largely on
the beais of used machinery. The automotive industry in Argentina, textile
manufacturing in India, Pakistan and Hong Kong, municipal and private
transport companies in Peru and Chile, are examples where imported used
equipment started a local industry.

In the U,S,, remanufacturing is a smell scale venture and in the
Andean countries it is expected that this will also be the case.

remanufacturing, United States, labor, textiles, Venezuela, Colombia,
Ecuador, Peru, Bolivia, Chile, processing, economic development, developing
country




-90-

415 Bebbington, H.

Improving the ©Properties of Recycled Plastics—-Succesaful Case
Histories. Soclety of ©Plastics Engineers, Brookfield Center.

Comnecticut, U.S.A. 1980, 19 pages. References.

Based on programs at Western Electric~Bell system, this document
discusses recycling of ABS polymer. There have been continuing
improvements 1in the preparation and properties of flame retardant
compositions used for making internal telephone parts. Attempts to upgrade
the quality of molding material produced included color matching and a new
recycling line for old telephones.

Most important of the areas considered was a processing line that
grinds the plastic parts from used telephones and separates metals, paper,
lint and dust. A new flotation separator removes contaminating wmetals,
plastics, paper and cotton while preprocessing color separation of phones
ensures color separability 1in end product. This eliminates expensive
extrusion and screen packing necessary in contaminated blends,

Improving i1mpact characteristics of recycled ABS involves a 5
percent mixture of various additives or elastomers such as BS or NPR. Such
mixtures double the impact resistance of the blend and are relatively
Inexpensive.

plastics, molded products, plastics recycling, technology, markets

416 Berndt, W,
De=Inking: An Gptimum Waste Paper Recovery Method. Proceedings of the
International Recycling Congress {(Recycling Berlin '79). Berlin, Federal
Republic of Germany. Pages 1i53-1158, E. Freltag--Verlag far
Unwelttechnik. 1979. References.

This paper diecusses the process of deinking waste paper.
Although recycling is8 well established in many applications using waste
paper, the limiting factor of dyes and inks continues to preclude extensive
uge by the graphic arts and printing trades, where quality of paper 1is
often associated with color,

Paper 18 deinked by the following process: (12 soaking and
exposure to chemicals (the most common bleach is hydrogen or sodium
peroxide); (2) elimination of contaminants; and (3) separation of inks from
fibers via flotation or washing., Flotation carries out inks by esuspension
in surface forms. Washing removes inke by fiue dispersion. Wash deinking
is prevalent in North America. While investment costs are lower than
flotation, the disadvantages are the high rate of fiber loss (the fiber
rate is 75-85 percent yleld compared to 85-95 percent yield with flotation)
and the copious use of water, Flotation uses less water and has a better
yleld. Factors influencing deinking efficiency and economic consfderations
are presented. '

waste paper recovery, fiber, deinking, recycling, economics
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417 Bever, M. B,

The Recycling of Metals: Ferrous Metals and Noo-Ferrous Metals. Conserva-
tion and Recycling. Pergamon Press. United Kingdom. Volume 1, Number I.
1976, Pages 55-69 and 147~157. Refarences.

This document discusses the recycling of ferrous and nonferrous
metals, It is a highly developed secondary materials industry involving
collection, sorting and physical processing.

Ferrous scrap is one of the two major raw materials in the iron
and steel {1ladustry, Various steel making processes consume scrap in
different ratios to other raw materials. Technical difficulties caused by
the introduction of impurities into the steel are counterbalanced by
advantages such as energy savings, pollution abatement and reductions raw
naterial processing.

Ferrous scrap is supplied primarily via "home" scrap generated by
the production process. Collection, transportation and processing problems
are negligible, “Prompt" scrap is generated in the conversion of steel
into various parts and products. Prompt scrap also has few problems.
Nearly all home and prompt scrap are recycled. Obsolete scrap is generated
by households, commercial and industrial firms, utilities and
transportation firms. It is the most difficult scrap to recycle because of
collection and transportation problems and the need to remove
contaminants. Obsolete scrap recovered from municipal waste is potentially
a large source of iron (6-7 percent of total iron consumption) but it is
rarely developed to its full scale, due to the destabilizing fmpact this
would have on the overall scrap market, Also, steelmakers fear
contaminants will result in a low quality steel that could damage capital
equipment. For these reasons only a small fraction of obsolete scrap is
recycled.

Grading schemes for ferrous scrap have been established on a
national and international basis. Grading is critical as different
steelmaking processes require specific batch material characteristic to
avoid technical problems. The growth of electric furnacze steel production
which can use high amounts of scrap is an encouraging developing for
recycling,

Typically the movement of ferrous scrap is from the industrial
countries to developing countries. The ferrous scrap industry in older
industrialized countries relles heavily on exports during periods of
depressed domestic demand., Periods of booming steel production and heavy
demand for scrap have usually been accompanied by scrap shortages. When
this happens, the domestic steel industry tends to seek an embarge on scrap
exports to protect {ts own supply.

The recyciing of nonferrous scrap accounts for a significant
amount of nonferrous metals produccion (50 percent of current consumption
for copper and lead, 20 percent for aluminum). Sources of nonferrous
metals are primarily automobile body shredding/dismantling, construction
debris, and aluminum product packaging. Secondary production of nonferrous
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metals is less capital intensive, cousumes less energy and tends to be less
polluting than primary productlon. Consequently, entry iato the nonferrous
secondary metals industry is comparatively easy. This has resulted in a
fragmented industry comprised of many small, local units, which together
offer a sizable international market. Primary producers can process some
secondary nonferrous metals an® as a result these integrated firms are
active in nonferrous metals recycling.

The contribution of nonferrcus scrap as a percentage of
consumption is substantial, There 1s significant opportuanity for
increasing the contribution of eecondary ferrous metals derived from the
pust consumer waste stream, Production of metals from scrap reduces the
the drain on ore deposits. Recycling also saves the indirect materials
required by some production processes, For example, the production of
aluminum from bauxite by the Hall-Heroult process uses large amounts of
petroleam coke which 18 not needed in the processing of secondary
aluminum. Recycling also provides the only indigenous sources of
nonferrous metals in some countries, In addition to increasing supplies of
materials, recycling can benefit the balance of payments of resource poor
countries.

ferrous/nonfexrous recovery, secondary materials recovery, energy,
automobiles, procesning

418 Bjorkengren, C. A,
Nilsson, B.

REPAK, A Method for Using Packaging Waste as a Source for Production of

Cores. Proceedings of the International Recycling Congress (Recyclinrg

Berlin '79). Berlin, Federal Republic of Germany. Pages 1170-1175. E,

Freitag—--Verlag fiar Umwelttechnik. 1979, References,

The authors present a unique method to reclaim mixed plastic
waste from selected industrial packaging firms. The method, called "REPAK"
utilizes packaging industry production waste to produce cores used in
connection with reeling of web-materials such as paper, plastic films and
various types of laminates, The conventional core for this purpose had

earlier been made from paper (low quality) or from steel or plastics (high
quality).

Waste from a plant 1s automatically transported ¢to an
interunediate plant, close to the packaging production. Ail material is
ground to flakes to be stored in silos, and then blended. Special
additives can also be used for specific needs.

After blending, the flakes are transformed to an extrudable resin
agglomerate, The agglomerate is used for extrusion of cores of different
sizes in a specially designed and equipped extruder,

The cores meet rigid specifications, concerning dimensional
stabllity, water resistance, ability to withstand high impacts and lcw
measurement tolerances,
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A comparison of energy balances showed substantial energy savings
compared with virgin polyethylene resins. Slight advantages were accorded
REPAK over conventional unbleached paper, which has been known to produce

nferior product cores.

plastics, extrusicn, plastic recycling, small scale industry

419 Breakspere, R, J,
Heath, P. J.
Morgan, R. J.
Waste Glass—-Reuse or Throw Away? Conservation and Recycling. Pergamon
Press. U.K. Volume 2, Number 1, 1978, Pages §49-58,

This article presents test results of recycled glass products.
Waste glass has been used as a filler in cements and resins for
manufacturing floor and wall tiles, industrial castings, and sanitary
fittings. Mechanical and physical properties of the products are
discussed., Materials are produced by mixing a resin or cement with crushed
glass derived from waste bottles {(clear and colored). In order to improve
the binding properties of the glass particles to the mix, it is generally
necessary to pretreat the surface of the glass, which will act as a "key”
between the glass and the mix being used. The work to date has been
devoted to: (1) determining the physical and chemical properties of resin
and cement based materials containing crushed glass of wvarious sizes and
pretreatments; and (2) using waste glass for wmaking decorative panels and
gtructural materialc.

waste utilization, research and development, glass recycling, glass

420 Brown, A, W.
Needs, R. A.

Land Restoration in the Marston Vale, Bedforshire. Presented at

International Symposium at Institution of Civil Engineers, "The Practical

Implications of the Reuse of 8olid Wastes,” 11-12 November, 1981.

Institution of Civil Engineers. Westminiscer, Londun, U.X, Paper 110.12,

Pages 75-82, 1981, References.

This article discusses the reclamation of a worked-out clay
excavation site by controlled 1landfill, Political, commercial and
environmental issues are presented. A private company considered
ramifications of controlled dumping to reclaim land. County council
support was solicited. The company conducted a detailed investigation of
site geology to ensure area/waste compatibility. Preparations included
land dewatering and leachate control systems installation. Materials are
buricd in a controlled manner and compacted by heavy equipment. The
possibility exists for methane extraction,

land reclamation, landfill, biogas, United Kingdom
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421 ' Bundick, P., Ed.
Selected Approprizte Techmology Information for Developing Countries
(Abatracts from the National Technical Informition Serxvice Data
¥ile). National Technical Information Service. U.S. Department of
Commerce, Office of International Affairs, 5285 ©Port Royal Road,
Springfield, Virginia, U.S.A,

This bibliography contains 2,500 citations on “appropriate
technology"” from the National Technical Information Service. Appropriate
technology is defined, in the context of this publication, as information
which can be adapted and used to improve the quality of life for low income
people. The information is broad in scope, covering many flelds.
Technologies presented are: small scale, labor intensive, low cost,
revived, improved traditional, alternative, social and management, aand
gelected modern technologies which :an be adapted to local needs and
environments.

The references are applicable to solid waste, waste recovery, and
recycling, and small scale businesses which use waste materials.

appropriate technology, small scale industry, agriculture, technology,
economic developmenc, labor, costs, develcping country

422 Callihan, C. D,

Dunlap, C. E.
Single-Cell Protein from Waste Cellulose. Report prepared under Grant No.
EP~00328 for the Office of Research and Development, U.S. Environmental
Protection Agency. Washington, D.C., U.S.A. Ociober, 1973. 89 pages.
References.

This report detalls a laboratory scale process to convert
celiulosic wastes to microbial protein., The procedure involves treating
the cellulose with a two to four percent caustic solution subjected to a
temperature of 110 to 130° for thirty to sixty -inutes which renders the
material bliodegradable and kills all contaminating organisms.

The intermediate material 18 then elutriated to remove a large
portion of any heavy metals that might be present. This washing also
removes soluble carbohydrates which repress cellulose enzyme activity. The
intermediate is about 65 percent cellulose.

Fermentation is carried out using a mixed bacterial culture. The
protein is harvested by adding cationic flocculating agents. The product
can serve as an animal feed supplement and has potential for human feed
should related nucleic acid research be successful. Productivity of about
one gram per liter per hour vielded an economic estimate of final crude
protein cost of 13 cents (U.S5.) or less per pound.

cellulose conversion, nutrients, enimal feed, health and safety, municipal
solid waste
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423 Cocqueral, M.A,T.
Burcher, M. G,

Aspects of Recycling Copper Scrap. Conservation and Recycling. Volume 2,

Number 2. Pages 111-116. Pergamon Press. U.K. 1978, References.

This article describes problems encountered in designing systems
to effectively recycle copper scrap., For example, it is necessary to deal
with excessive heat and oxygen liberation and black patt: icle smoke.
Detailed discussion is provided on both igsues.

Economies of scale are considered, concluding that larger plants
are more econcmical, The average output is 100,000 tons per year., While
acknowledging, and that several smaller subunits desling with different
aspects of scrap could have application as integrated units, the optimum
solution to produce high quality copper from secondary sources is the
larger plant.

The last few years have seen copper scrap change due to an
increased use of composites and electronic component miniaturization. This
has placed burdens on secondary refiners' ingenuity, Increased
requirements for environmental protection, especially in urban fringe areas

where much of the industry exists, represent another problem that needs to
be dealt with.

nonferrous scrap, recycling, economics, resource recovery

424 Cook, R, F.

The Collection and Recycling of Waste Glass (Cullet) in Glass Contalner

Mamfacture. Conservation and Recgcling. Pergamon Press. U.K. Volume 2,
Number 1. 1978, Pages >9-69. erences.

In this document the system for colleciing and recycling pglass
containers is discussed from the point of view of economic and technical
constraints and potential energy savings.

The use of cullet is a long-established practice in the glass
container industry. Since broken glass is virtually the equivalent to
original raw materials, and can be remelted many times, it has always been
the practice to recover scrap from defective articles and to put it back
into the furnace. The use of "foreign" cullet, fron glass containers that
have served thelr purpose, has become desirable for two basic reasons: to

reduce the volume of solid waste, and to reduce the consumption of raw
materials,

Quality control (temperature, purity, batch wmixtures) during
processing 1s crucial in order to meet requirements and protect equipment.
Furnaces have operated successfully on 100X cullet, albeit for short
periods under special circumstances. Several furnaces in EBurope and
elsevhere are currently using batches containing over 50 percent cullet.

Glass treatment plants needed to eliminate contaminants are economically
feasible.
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In the United RKingdom, house~to~house collection 1ip deemed
uneconomical. Large containers for drop-off are provided in convenient
locations.  Consumers bring empty bottles with no financial incentive.
This "bottle bank" system is similar to schemes in Switzerland, Germany and
France. The scheme will break even if ten skips capable of holding 4 tons
are placed where they are filled in 3 1/2 weeks; or 600 tons per year,

Potential energy savings can result in two areas: (1) extraction,
processing and delivery of batch materials; and (2) melting. An analysis
by the U.K. Glass Federation shows that cullet requires less energy than
raw materials, given the same delivery distance. This simply means that
one can afford to transport cullet further than raw materials, and thus the
collection arc can be extended or the quantity of cullet increased. The
melting of cullet (at approximately 1500°C) consumes about 70 percent of
the energy used in bottle manufacture, It is this part of the process that
offers most scope for energy saving. The Swiss glasa manufacturer,
Vetropak, has reported fuel savings of 2 percent for each 10 percent of raw
material that is replaced by cullet,

Recycling old bottles into new ones 1is the approach to waste
reduction favored by glass manufacturers throughout Europe who are
convinced that the system can be viable from manufacturer, waste manager
and consumer view points.

cullet, collection, glass manufacturing, glass recycling, United Kingdom

425 Deolaliksar, A. B.
A Survey of the 1Indian Econcmy to Explore the Potential for
Remanufaciuring. Center for Policy Alternatives, Massachusetts Institute

of Technology. Cambridge, Massachusette, U.S.A. 1579. 30 pages.
References,

Discarding products involves an economic loss particularly when
goods are not completely consumed during use. The difference between scrap
value and the value of the item in its prime is the value added-~the labor
and overhead costs of making and distributing the product. This can be a

significant value, Remanufacturing as a strategy can heip to mitigate this
losgs.

Remanufacturing takes place in both the formal and informal
sectors of the Indian economy., Remanufacturing in the informal sector is
widespread and includes: automobile engines, transistor radios, bicycles,
household applfances, watches, and water heaters, A network of hundreds of
thousands of small service agencies is scattered across the country, many
concentrated in urban areas. Each employs 1 to 5 people. Surplus labor
accounts for low service costs, which are a fraction of new product
prices. This small scale sector 1s appropriate to India, ~here people are
cognizant of scarce resources. It has historically been successful in
providing employment and excellent technical training for millions of
people, most of whom were previously unskilled.
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A large potential exists for independent operators to
remanufacture foreign consumer and capital goods for export. However, the
government places a low priority on consumer goods and hence,
remanufcturing is not encouraged. Also, there has been an overall decline
in the small scale sector of the economy. In order for remanufacturing to
expand, duty-free export processing zones, technical school graduates, and
infrastructure are necessary.

The report concludes that the poteantial for remanufacturing is
good,

remamufacturing, India, small scale industry, ioformal sector, survey,
international trade

426 Dries, W. C.
Heating and Cooling of an Industrial Plant with Unusable Household
Discards. Proceedings of the 2nd International Symposium: Materials and
Energy from Refuse, Antwerp, Belgium, 20~22 October, 1981. Pages
8.23-8.26. European Federation of Chemical Engineering and International
Solid Wastes and Public Cleaning Agsociation., Author at University of
Wisconsin-Extension, Madison, Wisconsin, U.5.A. References,

This paper describes the production of heat energy by Goodwill
Industries in Milwaukee, Wisconsin. The energy comes from burning
discarded household items which are donated to Geodwill and nof. usable or
saleable. TIncluded are shoes, cloth, plastics, paper, cardboard and wood.
Large, bulky items such as mattresses and over-stuffed upholstery which do
not burn well are nct used.

Plastics are fed into the boliler in small quantities because the
high heat liberated by burning 1s harmful to the refractory {which requires
additional maintenance), Further, thermal efficiency is reduced due to the
fouling of heat recovery tubes by aclds created by the combustion process.
The annual gtatement for 1980 showed gross savings of US$136,298 against
costs of 7S$123,911 for a net savings of US$12,387.

incineration, United States, heating and cooling, fuels, household wastes,
energy recovery

427 Dutt, B, L.
Levine, H.
McLeod, A.
A Study of the Feasibility of Utilizing Solid Wastes for Building
Materials. Phase I Summary Report (154 pages), Phase II, IIL and IV (177
pages). PB 279 440, and PB 285 437, U.,S. Environmental Protection
Agency~MERL, Cincinnati, Ohio, U.S.A. 1978. References.

This series of reperts precents data on utilization of all types
of wastes for building construction. Laboratory evaluation and results are
included.
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In Phase I, a comprehensive literature search was conducted., The
data were reviewed and evaluated for potential matrix, reinforcement, and
filler candidates. The more promising caudidates were evaluated with
limited laboratory studies. From these studies, two types of
matrices~--furfural-phenolic and 1inorganic--were selected for further
study. Seven reinforcement candidates and five filler candidates were
selected for evaluation with the two matrices., A detalled Work Plan for
Phase 11 based on the Phase I study is also presented.

Scrap plastics, paper, glass, sewage sludge and wood waste were
post-consumer solid wastes considered among the many agricultural and
industrial wastes studied. Waste plastics and pare recelved high positive
ugse scores when tensil strength, surface volume rut! ¢ and other parameters
were evaluated.

Phase II, July, 1974 to September, 1975, was an evaluation of the
structural and aesthetic properties of the various waste romposites,
Satisfactory products were made using both Inorganic and organic systems;
structural and fire-resistant properties of several formulations were found
to be superior to those of existing commercial products. Economic analyses
were performed on the structurally promising products, and several appear
to be commercially viable,

In Phase I1I, September, 1975 to November, 1976, attempts were
made to produce full-scale products and qualify them for structural
applications. Particle board panels, 4 by 4 feet, were made of peanut
hulls and wood waste on production-type equipment.

In Phase 1V of the study, structural tests were performed on wall
punels fabricated from rice hulls and an inorganic binder. These tests
completed generation of the data required for building code approval.

waste composition, building materials, glass, paper, solid wastes, sludge,
agricultural wastes, industrial wmstes, plastics, wood, waste utilization

428 , Gleason, J.

Bfficient Fossil and Solar District Heating Systems. Solar Energy Research
Institute. Golden, Colorado, U,S.A. 230 pages. 1981.  Author at
Self-Reliance District Heating Group, Washington, D.C., U.S.A. References.

This report is a comprehensive review of cogeneration of both
electrical and thermal energy for distribution from relatively centralized
sources which for space cooling and heating, hot water and process heat
needs of commercial, industrial and residential consumers. Building codes,
storage systems, pipe materials, maintenance costs, and implementation are
discussed with particular reference to urban settings. Sclid waste derived
fuels may be substituted for less available fuels because low distribution
temperature and pressure requirements can be met by this relatively low
quality fuel, Small scale systems have more flexibility with regard to
energy conversion technology. Small scale low temperature systems can be
adapted for use of solar, wind and geotiermal energy. Energy conservation

among end users is critical for realizing efficiencies. Plant technologies
are discussed in datail.
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The system was invented in the U.S, in 1877 and proliferated in
the 19208 and 1930s. However, its use peaked just prior to World World
II. Reasona for the decline include: availability of inexpensive fossil
fuels, concurrent scaling up of electrical generation systems and removal
of electrical generation facilities away from urban heat loads, decline of
cogeneration design, and the limited capacity to transmit steam over long
distances. Today, only 1 percent of the population in the U.S. is served
by district energy systems,

In Northwestern Europe, primarily in Demmark, Sweden and the
Federal Republic of Germany, the experience with cogeneration and district
energy has been successful, Post World War II energy scarcity required
optimizing less—efficlient networks. Cogeneration which 18 the joint
production of thermal and electrical energy, combined with district energy
to avolve as a widely employed and efficient energy use system.
Prefebricated 1insulated “pipe in pipe"” systems was the European
modification which allowed efficlent supply and return of water through the
system,

energy recovery, United States, RBurope, resource recovery, fuels, small
scale wmits, heating and cooling

429 Grabbe, K.

Zadrazil, F.
Orga.aic Residues As Substrate for Mushroom Cultivation. Proceedings of the
International Recycling Congress (Recycling Berlin '79). Berlin, Federal
Republic of Germany, Pages 1256-1261, E. Freitag--Verlag far
Unwelttechnik., 1979. References.

This article discusses technical considerations for using
agricultural and indusirial wastes for cultivating mushrooms. Special
attention is focused on the microbial degradation of cellulosic containing
wastes which could produce a suitable growing medium.

Traditionally, compost made from horse manure has been used as a
substrate for over 200 years. In order for this to be efficient, the caves
had to have the right climate, with few pests or molds. Today, artificial
environments can be created which enhance preduction.

The production of substrates 1is divided into two stages: (1)
composting of horse manure; and (2) compost product or grading. The latter
is also called pasteurizing as temperatures reach 60° C for 20 to 30 hours.

Many valuable wastes can be used as mushroom substrate including
straw, chicken manure, silage fluid, wmolasses, whey, sawdust, wood chips,
swine manure, horse manure, and even municipal solid and liquid wvaste
(organic fraction).

organics, compostiag, cellulose conversion
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430 Hortenstine, C, C,

Rothwell, D, F.
Composted Municipal Refuse as a Soll Amendment, U.S. Envirommental Protec-
tion Agency., National Environmental Research Center, Office of Research
and Development. Cincinnati, Ohio, U.S.A., NTIS PB-222 422, 1973, 62
pages. References.

Processed residential refuse supplied by four compost plants was
evaluated as a source of plant nutrient and as a soil amendment., Three
compost products tested had high carbon to nitrogen ratio, resulting in
delayed indicator plant growth. Total soluble salts in composts were high
and had a damaging impact on seed germination, Positive results were
obtaired after a time for compost applications above 32 metric tons/hec-
tare. Increased plant yields and improved soil action exchange and water
retention capacities were achieved, When mixed with cow manure in equal
parts, compost effectively curtalled nitrification by 100 percent. Fungal
growth in compost/soil mixtures increased greatly as did bacteria, but bac~
terial numbers decreased greatly after 4 to 5 days.

Under strict interpretation of requirements that an organic
material mus: meet for both fertilizer supplement and as a compoat, only
one of the four composts tested would be classified as acceptable. That
compost had a C/N ratio of 17 as compared to 26, 43 and 55 for the others.

It also was pelletized, free of moisture and agreeable to handle, all
characteristics lacking in the other compost »iroducts,

copposting, organics, testing methods, marketing, soll smendsent,
nutrients, bousehold wastes, municipal! wastes, fertilizer

431 Jackson, F. R,
Inczcll;_g and Recla:l.li%g of Municipal Solid Wastes. Noyes Data Corpora-
tion, Par ge, New Jersey, U.5.A. 19/5. 342 pages. References,

This book provides a comprehensive treatment of the collection,
processing and recycling of municipal and light industrial solid wastes.
It is based on studies conducted by the United States Environmental Protec-
tion Agency, other government agencies and system vendors. Case histories
8re used to explain material recovery via mechanical and labor intensive
processes, markets for materials, data on individual materials, and sub-
flows 1including glass, rubber, plastic and metals. Sources, problems,
economics and technology are described.

source separation, procesainyg, markets, glass, paper, plastics, rubber,
ferrous/nonferrous recovery, secondary materials recovery, municipsl solid
vaste, sorting, labor
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432 Koller, T.

The Utilization of Waste Products: A Treatise on the Rational Utilization,
Recovery, and Treatment of Waste Products of All Kinda. Scott, Greenwood
and Sons. London, U.,K. 1915. 327 pages. Translated from German. 2nd
edition, References.

This document portrays municipal and industrial waste vtilization
between industrializing nations during 1890-1915. The solid waste chapter,
“the waste of towns", is a description of materials and energy recovery
techniques. High technology, resource recovery techniques implemented with
a poor to mediocre performance record include the Arnold and Merz grease
extraction processes, the Freyer combustion “"destructors” process and the
Budapest process, The “"Budapest process” 1is described as involving large
scale arrangements for sorting from conveyors by children. Residues are
combusted. This process was adapted to a rallroad siding at Puchheim,
Germany, which had a 450-500 ton per day capacity. Each day two special
trains of 30-40 wagons are shipped for processing. This method was
eventually rejected for sanitary reasons,

A key concept advanced in the document was that primary
geparation of materials and waste utilization was considered of secondary
importance when public health advocates attempted to overcome problems of
waste buildup. Public officials viewed refuse management as removing
wastes in the quickest time possible and, subsequently, wastes had to be
destroyed. As a result, waste utilizaton decreased as a viable option.

The author also relates the general lack of marketing
sophistication exhibited by vendors of high technology systems. For
example, slag on incinerator grates was considered a possible marketable
item by the vendors. Unfortunately, the glassy slag was earmarked for
glass container manufacturers who could not possibly use it in batches, due
to high levels of contamination. This illustrates the problem ¢t marketing
where data on specifications and user demand are unknown or misunderstood.

waste utilization, municipal waste, industrial waste, Europe, United
States, resource recovery

433 LeRoux, N. W.
Wakerley, D. S.
Simpson, M. N.

Microbial Production of Methane from Household Waste: Fixed-Bed Anaerobic

Digestion. Conservation and Recycling. Pergamon Press., United Kingom,
Volume 3, Number 2, 1979, Pages 165-174. References.

Microbial production of methane from househoid waste using
fixed-bed anaerobic digestion was studied. Ti:is article presents technical
data, Economic data was inconclusive and varied depending on local
conditions.

The fixed-bed anaerobic digestion system consists of s hole o«
trench lined with admix Iining or plastic sheeting to prevent loss of
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liquid and gas from putrifying wastes. A dome shaped cover alds 1in
collecting gas. Each unit is large enough to contain a few days refuse on
a batch basis.

Putrescible fractions of sorted household wastes were used in
opergtional tests. Digestion was completed in 60 days at 30° C when
unshredded waste was mixed with predigested sludge as a feedstock. Gas
yleld was 0.12 cubic meters per milligram of putrescible waste with an
average molecular composition of 58 percent methane and 42 percent carbon
dioxide. Tests showed that initial concentration of methane was low, while
shredding wastes and adding water {increased fermentation time. After
digestion, the sludge and 2lurry are useful as goll conditioners,

blogas, soil amendment, organics, swall scale units, household wastes,
anaercbic digestion

434 Linley, B. D.
Tinplate Recycling. Resource Recovery and Conservation. Elsevier
Scientific Publishing Company. Amsterdam, Netherlands. Volume 2, Number
3. May, 1977. Pages 225~240, References.

This article, which reviews recent activities 1in industrial
tinplate waste recycling, covers melting, electrolytic and alkaline
detinning practices. It describes extraction of tin cans from refuse and
the preparation requirements prior to detinning. Effects of advanced can
making technology on the detinning industry are discussed.

There are three mechanisms of tinplate recycling, actually a
process of upgrading steel scrap. Melting processes the tin right along
with the steel; and the tin is not recovered. Electrolytic detinning is a
batch process involving electrolyslis and produces a soft tin "sponge.”
Alkaline detinning is a continuous chemical stripping process producing the
highest quality tin and steel, But is a slow reaction, especially when
compared to the rapid transfer of stannous ilons to negative poles in the
aforementioned electrolytic detinning.

A model plant (100,000 tons annually} for the recovery of steel
cans from mixed refuse is described. Shredding, magnetic extraction and
conveyors comprise the operation which 1975 achieved an efficiency of 90
percent extraction.

ferrous/nonferrous recovery, processing, tinplate recovery

435 Liroff, S. D.
Management of Eanvironmental Risk: A Limited Integrated Assessment of the
Waste 011l Berefining Industry. Prepared for the National Sclence
Foundation. March, 1978, Prepared by Tekneknon, Inc. Berkeley,
California, U.S.A. 200 pages. References.

This 18 a review of a project supported by the National Science
Foundation to assess the waste oil rerefining industry. Five different
areas critical to the industry were surveyed: (1) an assesswent of seeral
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rerefining technologies, (2) an analysis of future technologies, (3) a
financial analysis, (4) disposal of acid sludge, and (5) state and local
governments 28 a potential market for rerefined waste oil.’

The potentlal for establishing recycled oll programs is evaluated
for the 48 states comprising the continental United States, The major
f1 dings include: (1) although acid/day technology 1s still the major
process, its use 1s rapidly decreasing (down 30 percent in the last 10
years); (2) total rerefined oil has fncreased; and (3) oll rerefining
generates hazardous wastes and sludges.

oil, harardous waste

436 Lund, R. T.

Energy Capture Through Remanufacturing: Final Report of Pre-Demonstration
Study. Massachusetts Institute of Technology. <Cambridge, Massachusetts,
U.5.A, 1981, 199 pages., References,

Case studies of remanufacturers were developed in the product
areas of automobile parts, heavy duty dJdiesel engines and parts,
refrigeration and alr conditioning compressors, newly conditioned machine
tools, and power plants. These were chosen using selection criteria and
methods detailed im the report,

Remanufacturing preserves the functional value of durable
products, and 1is the full scale disassembly of products, pooling of
interchangeable parts, and production line reassembly in a fashion similar
to the original manufacturing process, with some replacement of worn
parts. The term remanufacturing does not refer to the unit-by-uait
rebuilding of goods except in the case of large items that are originally
assembled on a one-by-one basis. The process restores a product te the
polat where 1t wmeets or exceeds original product performance
specifications. Using a variety of research approaches, researchers have
cbtained a comprehensive overview of the structure of the industry, the
operating characteristics of firms in it, and the energy and resource
conservation potential inherent in remanufacturing,

It was found that a successfully remanufactured product must be a
durable end product or a durable component of an end product. The
repanufacturing process is primarily labor intensive, It tends to require
lower skill levels of its employees and so pays lower average wages than a
comparable new product manufacturing. Because the process does not require
comwplex equipment and because material (core) costs are relatively low, thc
capltal investment requirements are modest.

Remanufacturers rely on cores or discarded products to supply the
largest part of the materials requirement, typically recovering about 80%
of core weight for reuse in the process.

Remanufacturing was found to be flexible, depending primarily on
the nature of the product. Process methods, product ownership during the
process and distribution channels all wvary from product area to product
area., Because the remanufcturing process provides constant dealings with
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failed products, remanufacturers tend to become familiar with inherent
design weaknesses 1in the product. As a result, many I1ncorporate
appropriate changes in their process to correct the weakness, thus yielding
a product with a longer life span. Remanufactured products typically sell
for 50-70% of the comparable new product price.

energy recovery, automobiles, labor, product durability, remanufacturing

437 Mandels, M.
Maposal of Cellulosic Waste Materials by Enzymatic Hydrolysis. Army
Natick Laboratories., Natick, Massachusetts, U.S.A. 1972. Ad-750-351.
References.

Celluloge is first converted to glucose by enzymatlc hydrolysis.
Glucose 1s then converted to alcohel by natural fermentation. T. viriede
was selected as the enzyme since it grows rapidly on simple media and
consumes cellulose. A major problem is that cellulose is insoluble. The
reaction rate depends on the avaiiable surface, so researchers introduced
selected organic solvents to emulsify the cellulose. Many cellulosic
materials (newsprint, etec.) contain substantial quantities of lignin, which

limit access of the enzyme to the cellulose. Available surface is
increased by both the additives and shredding.

hydrolysis, cellulose conversion, fiber, paper

438 Meinhardt, P.

Kolb, J.
Feeding Cattle at the Garbage Dump. Compost Sclence. Rodale Press.
Emaus, Pennsylvanla, U.S5.A, Volume 12, Number 4, July/August, 1971.
Pages 14-16., .

The authors have reviewed literature and recommend using refuse
derived organics as a feed supplement for cattie. This i1is especially
useful for developing countries where grain is usually consumed by people
rather than cattle.

For example, 1in Cuba surplus supplies of molasses and bagasse
(residues from crushed sugar cane) are combined with elephant grass, three
percent urea, and fish meal. Average daily weight gains of 2.8 pounds were
achieved on diets totalling 12.6 pounds of feed per pound of welght gain.
The reported cost was U.,5. $0.5/1lb. There 18 an advantage to Kkeeping
cattle near food supplies, since over 65 percent of livestock costs come
from the transfer of livestock from one foraging area to another. Coupled
with stress from shipping, the authors concluded that & steady, qualitvw
controlled waste derived feed source with low transport?tion costs could
reduce losses. -

Editors note: This article does not deal with any potential health risks
that may be associated with feeding cattle mixed municipal refuse.

Cuba, animal feed
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439 Minke, G.
Alternative Bauven. OKO-Buchversand. Kassel, Federal Republic of Germany.
140 pages, 198l., References.

This book discusses the potential of alternative construction
techniques using a combination of natural surplus building (loam, sand,
earth, living plants), waste products (sulphur, bottles and tins), and
inexpensive industrialized components (cardboard, textiles, grid shells).

Good results were obtained by the Research Laboratory for
Experimental Building, University of Kassel, Federal Republic of Germany
on several research and development projects in low cost housing and self
help construction were exemplary on several R&D projects on low cost
housing construction,

waste utilization, building materials, Germany (Fed. Rep. of)

440 Minsaas, J.
Recycling of Domestic Food Wastes. Conservation and Recycling. Pergamon
Press. U.K. Volume 3, Number 3/4, 1979, Pages 427438,

This articie examines food wastes in Norway. Collection systems
and utilization systems are detailed. In a 14 week experiment of source
separation, 50 percent of the total food waste was recovered. Processing
and end use markets are suggested,

A formula 18 given to estimate the potential for animal fodder
from the substantial amount of waste generated. Feeding experiments have
shown a fresh food waste/fodder equivalency of 2,5 to 3 kg/fodder unit 1
kgof feed barley. Using a 50 perceat collection efficiency (from the test
situation), then the total subflow available as fodder would bz equivalent
to: total kg/waste food x 0.503 kg/fodder unit = N units,

Collection, segregation and treatment of food is equally
important to maintain feed supplement quality. Several plans for moving
wastes to end users are detailed., Source separation is also eritical and
must be easy and convenient for the householder,

The qualfity of the feed derived from the waste is also
considered. Test results based on digestibility and feed nutrients showed
excellent prognosis, depending on the type of food waste. If properly
separated from potential contaminants, food wastes did not appear to have
any heavy metals,

animal feed, organics, markets, source separation

441 : Morris, D. J.

A Technical Assistance Handbook for Community Based Cellulose Fabrication
Plants. Institute for Local Self-Reliance. Washington, D.C., U.S.A.
1977. 79 pages. References,

This report was prepared for the U,S. Community Services
Administration (CSA) and descries a cellulose insulation business.
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A business development plan 18 presented emphasizing current
demand levels based on government procurement, the ability to leverage
investment capital, and the possibility of forming minority and low income
citizen ownership.

Pro forma income statements and balance sheets are calculated for
a 2,5 ton per hour, 2 shift operation. Total fixed costs are estimated at
US$220,000, The document notes that variable costs relate to =supply of
chemicales (particularly boric acid needed as a fire retardant for product
safety), furnish, and product demand. A list and evaluation of interna-
tional equipment suppliers is included along with discussion of lease,
franchise, and purchase options. Total output equals 11,700 tons. Total
raevenue would equal US$3,120,000, It ie estimated that the breakeven point
would be 43 percent of peak capacity.

By establishing a macsufacturing plant capable of paying up to
US$60 per ton for secondary newsprint and other feedstock materials,
community recycling programs and/or municipalities can have a guaranteed
market for collected materials,

cellulose insulation, mamufacturing, ecconomic development, newsprint,
paper, community enterprises, coste

442 Newsome, C. J.
The IT™G {Intermediate Technology Development Group) Paper Pulp Molding
Project. Appropriate Technology. Intermediate Technology Publications
Ltd, London, United Kingdom. Volume 5, Number 3. Pages 12-~14, November
1978. References.,

This article reports on a paper pulp molding system for
manufacturing egg, fruit and meat trays, etc, from lower grade waste
paper. This system wess developed in 1971 and has been successfully
demonstrated in 17 separate operations as an example of E. Schumacher's
“small is beautiful"” concept for commercially viable 1industrial
manufacturing in LDCs,

Units are operating in Nigeria, Kenya, Zambia, Trinidad, Ghana,
Tanzania, Panams, Haiti, El Salvador and others. Inquiries to the vendor
have been received from over 50 countries.

Although it is possible to use the same plant to produce other
products, including plant pots, and certain fiber building materials, 80
percent of all production is the standard 30 egg (5" x 6") tray.

The complete unit consists of three principal sub~assemblies:
the pulping plant, the moulding assembly and the drying unit. Although the
initial design was almost entirely manually operated, a certain amount of
electronic equipment was included in the production models in order to
control the molding process, particularly in relation to the vacuum and
compressed air cycles, Simplicity and safety are major design factors
throughout, Bach state of the process 1s detailed in the article.
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The major problems have not been of a technicel nature, but
rather ones of finance and marketing. Established firms are often
unwilling to venture capital on R&D for intermedlate technology because of
lower rates of return versus risks and limited and unfamiliar market
prospects.

paper, pulp, small scale industry, econoaic development,

443 Cuano, E. A. R.

Arellano, F.
Utilization of Waste Tin Cans 1in the Control of Chromium Plating
Wastes. Conservation and Recycling. Pergamon Press. U,K. Volume 3,
Number 3. 1980, Pages 130-133. References.

Based on the operation of a bench scale model in the Philippines,
it was shown that the control of wastewater pollution in the chromium
plating industry could be carried out economically using rusted tin cans as
a reducing agent and calcium carbonate as a precipitating agent with
effectiveness comparable with that of the conventional process used in the
more sophisticated factories in developed countries.

The process has widescale applicability in developing economies
such as the Philippines, Thailand, Malaysia and Indonesia where the
chromium plating {8 Tbasically a cottage industry with very low
capitalization and technological sophistication, Chromium plating
discharges highly acidic wastes with varying concentrations of heavy metals
in the form of hexavalent chromium, cupric, nickel and iron salts.

The standard methods for treating such wastes (addition of sulfur
dioxide gas or eulfite neutralization to pH 7.5 or 8) are difficult to
apply in developing countries because of complex technical requirements and
high maintainance costs.

The availability of large numbers of tin cans discarded even by
scavengers due to low resale values, however, makes an alternative chromium
plating waste treatment attractive. Passing the chromic acid solution
through a stock of rusting cans will oxidize the tin and iron to stannous
and ferrous oxidation states, and at the same time reduce the hexavalent
chromium to the trivalent state during a 12-24 hours retention period. The
procedure has the following advantages over the standard method of sulfite
or sulfur dioxide reduction: (1) rusted tin cans are in the solid state,
and there is no need to measure the stoichiometric requirements; (2)
operation is very simple; (3) complete reduction may be observed with the
disappearance of the orange color; (4) reactants are available at low cost;
and (5) no aixing equipment or complicated instrumentation is required.

Economic evaluation of bench scale operation indicates that the
conventional treatment process is twice as expensive as that of the new

process, At the pame time, a permanent local market for tin cans is
created.
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The cost of process instrumentation for the conventional process
1s estimated at US$5,000 for planis with a wastewater flow lower than 2000

m3/day, This is unfeasibie for plants in developing countries where waste-
water flow rates range from 10 to 100 m3/day. Using the new process for a

100 m3/day plant, daily cost is estimated at US$29.31 compared to US$59.71
for the conventional process,

hatardous waste, chromium plating wastes, envirommentsl mansgement,
pollution, tinplate recovary

444 : Overby, C. M.

A Study of Issues and Policies Related to Recycling of Products. Prepared
for U.S. Congress, OQffice of Technology Assessment. Washington, D.C.,
U,5.,A. 381 pages. References,

This document i1dentifies problems and issues associated with
product recycling. Technical and institutlonal impediments to product
recycling sare examined &3 are several advantages and disadvantages—
economic, energy (embodied and life cycle energy), materials consumption,
waste and pollution, and employment factors. Government policy 1s seen as
a way to encourage product recycling. Implications of policies with
national goals are briefly explored,

Product recycling is defined and related to other forms of
recycling. It 1is characterized as "inner loop"” recycling, whereas recy-
cling back-to-basics materials 1s characterized as “outer loop” recycling.
The former ia 2 less entropic form.

Product recycling ranges from remanufacturing (which brings
products to a central facility and works on a mass production basis)—to
do-it~yourself repair and renovation by an individual. Tax, labeling ad
other government policies will affect the process.

In remanufacturing, product parts are kept together and the
original product 18 reassembled, usually with some new components.
Repairing means simply fixing individual products, usually one at a time.
Fixed structure renovation refers to buildings being revitalized.

Product recyciing conserves materials, energy, and labor and
power, Some see this as implying greater standardization and less variety
of product choice and, hence, not desirable,

Products being remanufactured include automobiles, aircraft
engines, wmachine tools, refrigerator and air conditioner compraesore,
copying machines, white goods, tires, electric power plants, agricultural
and construction equipment, Institutions involved are the U.S. Government,
General Services Administration, State of Texas Prison Industries System,
U.S, Military, and organizations such as Good Will Industries, Inc.

Product recycling is a thriving enterprise for many different
kinds of products. Benefits include extension of product life, energy
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conservation, cost reduction, and job creation. The private sector has
mixed feelings about govermment policies which encourage this form of
recycling.

recycling, remanufacturing, product deaign, source reduction, goverument
policy

445 Parteous, A.

Franzidis, J. P.
Acid Hydrolysis of Cellulose--A Critical Review of Progress Proceedings of
the 20d International Symposium: Materials and Energy from Refuse,
Antwerp, Belgium. 20-22 October, 1981 Pages 2,1=2.14, European Federal
of Chemical Engineering and International Solid Wastes and Public Cleaning
Association, References.

This article describes a process to convert cellulose to glucose
by continunus process hydrolysis, using a dilute acid (1 percent sulfuric
acid) on waste paper in a plug flow reactor operated at 230° C. Recent
results have consistently yielded up to 56 percent coaversion of cellulose.

After the products are flash cooled to 134° C, which stops the
reaction (glucose decomposition), the hydrolysate is fermented and dis-—
tilled to 99.95 percent ethanol.

A model for a 500-ton per day newsprint feedstock plant is
presented, based on laboratory scale tests. Daily products will be 91,27

tons per day of ethanol, 10 tons of furfural, 99 tons of co2 and lignin
cake which is burned to generate steam for process heat,

Capital investment in 1981 sterling was estimated at 21, 562, 500
or b 43,125 per input ton of paper,

fuel, acids, testing methods, hydrolysis, cellulose conversion

446 Pathe, P, P.
Alone, B, Z.
Titus, S. K,
Bhide » As D,
Seasonul Variation of Anaerobic Digestion of City Refuse. Indian Journal
of Environmental Health. National Environmental Engineering Research
Institute. Nagpur, India. 1977. Volume 19, Number 4, Pages 240-245.
References.

Laboratory investigations by the National Environmental Research
Institute, Nagpur, India on anaerobic digestion of a mixed feedstock of
animal dung and an organic fraction of refuse (OFR) indfcated technical
feasibility of the process. Hence, the performance of the process in a
longer time frame in the lahoratory as well as under actual field condi-
tious was studied. This document provides the results of the field
regearch,
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Simple field units were made from used ateel drums, An outer
drum of approximately 200 liters served as a digestor tank while an inner
drum of 100 liters functioned as a gas entrapment device. Using a startup
seed from a working dung digestor, 580 gms of shredded organic refuse and
7.5 liters of water were added to the digestor daily from an inlet pipe for
a solid concentration of 7.2 percent., Careful daily monitoring ensured
appropriate pH, temperature and measurement of production of gas and
volatile organic acids,

A technical problem occurred 5 months after startup, A “"scum”
buildup interfered with gas collection. A gimilar digestor was built, but
with a number of moveable steel plates affixed to the interior to break up
scum formation. This was done 2-3 times per day.

Analysis of the digested slurry showed it easy to drain and dry.
NPK of the digested sludge had a slight increase over raw input values, and
the value indicated potential use as a soil amendment fertilizer,

Gas production in small field units ranged from a maximum summer
value of 0.33 m3/kg of volatile matter added/day to a minimum winter value
of 0.1 m3/kg, The H2S content of the produced gas was negligible. The pH

of digesting mass remained constant around 6.8 + 0.2. Volatile solide
destruction ranged between 40 and 56 percent,

anaerobic digestion, biogas, organics, municipal waste

447 Pawley, M.
Garbage Housing. Presented at International Housing Conference, Santiago,
Chile. By Minimum Cost Housing Group. McGill University. Montreal,
Canada. 1972, 58 pages.,

This document demonstrates ways in which bottles, cans and other
containers can be adapted as bullding materials for developing countries.
This could provide low cost housing and prevent significant amounts of
waste generation., It has long been a practice in developing countries to
use discarded goods as building materials. This report suggests that
governments should formalize and promote programs to encourage
manufacturers to redesign their products. For example, beer or soda cans
could be designed to interlock and be used as building blocks. It 1s
stated that “the ten largest brewery corporations in the world could
provide material for no less than 100 million dwellings per year, Even
assuming a loss factor of 50 percent, such an output would more than double
world housing production at the present time.” 1In order to implement a
successful program, more research needs to be done on building with bottles
and cans. Tax incentives to encourage manufacturers to redesign their
products, and small scale pilot projects to demonstrate feasibility are
other needs.

building materials, Wobo (World Bottle), developing country, product
design
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448 Pettigrew. R. J.
Roninger, F. W.
Markiewica, W. J,
Gransky, M. J.
Rubber Reuse and Solid Waste Management: Part I-—Solid Waste Management in
the Fabricated Rubber Products Industry; Part II--Weste Rubber and Its
Reuse. United States Environmental Protection Agency. Washington, D.C.,
U.S.A. 1971, 120 pages. References, Glossary.

This two part document presents industry wide solid waste dispos-
al practices and profiles the rubber recycling industry., Part I conceras
the solid waste problems which originate with the manufacture of rubber
products. Part II1 outlines the problems associated with rubber products
discarded by consumers. The reclamation induatry 1s discussed, detailing
ite history, wastes used, equipment and processes and industry trends.

Broad solutions to achieve more effective waste management with
specific conclusions and recommendations are noted.

rubber, solid waste management

449 Piggott, M. R.

Woodhams, R, T.
Recycling of Rubber Tires in Asphalt Paving Materials. Environmental Pro-
tective fervice, Environment Canada. Contract Number OISU-RE-~109-8-6374.,
March, 1979. Department of Chemical Engineering and Applied Chemistry.
University of Toronto, Canada. 56 pages. References.

This report documents paving trials, laboratory evaluations,
stability test results, viscosity considerations, temperature performance,
and costs of modification and provides conclusions regarding the use of
crumb rubber in road pricing materials.

Although the proportion of asphaltic binder 1s small ( 6%Z) in
road surface aggregate construction, ite function is critical to road per-
formance. Despite the effort to improve road surfacing materials, the
quality of asphalt binders 1is relatively unchanged. The use of waste
rubber as an additive in road aggregate is generally ignored, even though
it could add measurably to road performance, as tests have shown. The
reasons are additional cost and changes required in conventional paving

techniques, Tests and operating resulting in a 1 percent cost increase,
could make the use of rubber additives feasible,

rubber, road surfaces, testing methods
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450 Rao, J. K. 8., Ed,
Status Report on Buildiog Materials from Wastes. Sub-Group oa Bullding
Materials from Wastes, Plaunning Group on Materials Construction, National
Committee on Science and Technology. New Delhi, India. 1975, 340 pages.

This document presents a model for using wastes generated by the
construction industry in India, National and state governments have
generally not dealt with the problem of disposal and/or utilization of
wastes. No orgarizational structure for policy and implementation exists.
The planning group assessed India's requirements over the next 5, 10 and 15
years., Potential uses of different wastes for remanufacturing building
materials, with status reports of research and development efforts are
presented. The posgible impact of major research and development irograms
on identified gaps 1is discussed. During industrial and agricultural
expansion programs in India the problems of waste disposal have become more
pressing due to increasing costs, lack of land and environmental
pollution, Finding a solution to the problem of disposal of millions of
tons of waste has become imperative.

R & D committees have been estabiished to oversee ougoing
projects and provide an annual status report on this subindustry. R & D
tasks include helping to create commercial pilot scale investigations,
fostering wulti-discipline research centers, education, and manpower
development. Regional state and local implementation strategies are
presented.

waste utilization, bullding materials, India, research and development

451 Ritcer, W, F.
Malone, G. W.
Eastburn, R. P.
Potential of Using Recycled Paper Products for Broller Litter. American
Soclety of Agricultural Eangineers/Canadian Society of Agricultural
Engineering. Brock University, St. Catherines, Ontario, Canada. 1981. 13
pages. Authors at University of Delaware. References.

This paper evaluates a study done by the University of Delawarc
during 1978-79 to examine paper products as a potential source of broiler
litter (chicken 1litter). The most common materials wused for broller
litter, sawdust and woodshavings, have become expensive and difficult to
obtain.

Waste paper products could be an abundant source of cheaper
licter material, Several companies are selling waste paper products for
animal bedding, In this test, hardwood sawdust was used as a
control.Materials for testing were roarse shredded newspaper, processed
newspaper, and processed cardboard. The shredded newspaper was made by
passing it through a hammermill which made particles approximately 1.27 cm
in width, The processed newspaper and processed cardboard were made with a
patented process., They were also coarsely shredded and then placed in a
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hydropulper where the paper was separated into individual cellulose
fiberas, The fibers were than compressed to partially remove water. A
fiber board product emerged which was then separated into particles ranging
from .64 to 2.54 cm in diameter. These materials were dried to
approximately 30 percent moisture,

Body weight, feed conversion and the percent of mortality were
determined for each trial of 200 straight run Ross & Arbor Acre chicks at
both 28 and 49 days of age., Breast blisters and skin pigmentation were
also scored. Litter and fat samples for selected chicks were obtained. A
heavy metals analysis was done, Processed cardboard was found not suitable
for several reasons, Shredded newspaper was found to cause increased
litter caking. Processed newspaper was the most suitable of the paper
products tested.

Litter material was also tested for effect on corn seed
germination. Poor germination was obtained with shredded newspaper,
. apparently due to compounds in printing ink. Seed germination was also low
" for processed newsprint. Applying excessive rates of shredded newspaper to
cropland may affect seed germination,

waste paper recovery, unewsprint, cardboard, animal bedding, pulp, cellulose
converasion, s0ll smeadment

452 Rossi, B. A,
Manila, P, I.
Lundgren, E,
Annalidic Recycling of Organic Wastes. International Solid Waste
Association Journal. Number 31/32., Pages 10-12, References.

The authors propose using earthworms to recycle organic wastes.
Under proper conditions, the worms can consume up to three times their body
weight daily, consuming all forms of organic waste, A single worm produces
1,000~1,500 offspring per annum and the average life span is six years.
They breed in a temperature range of 5-35°C. Worm castings which are
abundant in soluble minerals and richly balanced in nitrogen, phosphate,
and potash, can markedly improve soil humus,

Dried red earthworms are 62-64 percent crude protein and are
considered equal to fish metal in amino acids for use as a high protein
supplement,

Tests conducted at the Tokyo Agricultural Chemistry Testing
Station in Japan usinrg castings as an alternative to a supplementary
fertilizing medium are described. Increased ylelds of 14=40 percent were
noted on soybeans, chinese cabbage, and green soybeans,

Currently, a mixture of 30 percent castings and 70 percent
conventional chemical fertilizer is used in a granular form which releases
its nutrients over time, The 30 percent castings contain:
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Moisture 44,34 percent Molybdenum 0.8 ppm
Nitrogen 0.70 percent Boron 57.0 ppm
Phosphoric Acid 0.91 percent Manganese 0.0l percent
Potassium 0.57 percent Organisms 34.88 percent
Silicic Acid 12,22 percent Agh Content 20.78 percent
Lime 1.28 percent Fuminsan Acid 7.58 percent
Magnesia 0.55 percent Base 60.06 ME/100g
Oxide of Iron 0.56 percent pH 7.65

Worm castings are favored as a way to produce fertilizers without
depending on natural gas or crude oil.

Estimates Indicate that facilities requivred for 1,000 tons of wet
mixed waste per month require less than 3 acres as follows:

Land Labor

Mixing Plant 700 m2 1
Wornm Beds 10,000 m2 6
Packing Plant 700 m2 4
11,400 mg T

Equipment cost is estimated at US$52,000

Profits vary with cost of land, construction, and labor, costs
and/or revenues of waste. Profits in developing countries will be higher
as land, labor, and construction ¢osts are low, Cold weather housing is
generally unnecessary and imported fertilizers are e:pensive,

The size of the installation can be scaled down to 1/2 ton a day
and still be profitable,

veraicoaposting, fertilizers, nutrients, organics, crop yield, composting,
soil amendment, costs, ecoaomics

453 Rossi, B. A., Ed.

International Recycling Group: Seminar/Workashop Proceedings,
1977. Rossi-Nayve Consultancy Services, Inc. 1978, Makati, Metro Manilas,
Philippines.

This document is a compilation of several papers on recycling in
Asia. Both high technology and labor intensive small scale technologies
for resource recovery are presented, Topics include: wuses of agricultural
wastes, oil, plastics, compost animal waste and metals. The economics of
small scale technology are presented, It i3 noted that small scale
technologies are economically feasible in a group, whereas singly they
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would £ail, Thug, horizontal integration provides a mechanism of
sustainability,

Asia, small scale industry, economics, labor, resource recovery,
technology

454 Shin, K. C.

The Optimalization of Methame Gas Recovery from Waste Material and
Possibilities for Ite Utilization. Conservation and Recycling. Pergamon
Press, U.K. Volume 4, Number 3, 1981, Pagea 129-136. Author at
University of Stuttgart, Federal Republic of Germany. References.

This document discusses the amount of gas available from sewage
sludge, household refuse and agricultural wastes. Sewer gas (blogas) can
be generated from anaerobic decomposition of different waste substances,
e.g., sewage sludge, household refuse, and agricultural wastes. In the
Federal Republic of Germany, one~quarter of available digestor capacity is
unused. This is expected to increase, in spite of current limitations, due
to the price of energy and increased awareness of potential renewable
sources. Laboratery digestion tests were carried out to examine making gas
from household refuse, A maximum specific gas yield of 320 wl gas/gram
organle dried matrer per day was achleved at optimal space loading with
organic substances, amounting to 3.1 grams of organic dried matter per
litre of gas production yleld per day. Based on a 34 percent dried organic
matter content of one kg of household refuse, or 349 grams/kg refuse and a
decomposition rate of 50 percent, litres of gas are obtainable per kg of
domestic refuse. Thus, the quantity of gas yielded in 1laboratory tests
approached the theoretical value., If the gas from only 50 percent of the
refuse could be collected from landfills, some 492 x 106m3 of gas per year
would be avallable, New trends in use of landfill gas include heating
greenhouses, fuel for motor vehicles, and anaerobic digestion of pulverized
refuse. Research programs are testing these applications. To obtain
results that were achieved in laboratory tests, optimum working conditions
need to be maintained. These are sufficient agitation, removal of scum,
continuous charging of the digestor, and the exact digestor or temperature.

bioges, energy recovery, testing wmethode, sludge, household wastes,
agricultural wastes, heating and cooling, fuels

455 Sklar, S.

McBride, J.
Transportation Techunologies for Low Income People: A Few Promising
Programs. Alternative Sources of Energy. Pages 12 to 15, Milaca,
Minnesota, U.S.A,” March/April, 1981, E%iuthors at National Center for
Appropriate Technology. Butte, Montana, U.S.A. References,

Automobile repair and retrofitting are discussed in this article
as a way to promote energy conservation and prolong the 1life of
automobiles, particularly for low income people who cannot afford to
p-rchase new fuel efficient cars. For less than US$2,000 a car can be
totally reconditioned, which will add about 50,000 miles to the life of the
vehicle, Reconditioning possibilities 1include changing an 8-cylinder
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engine to a 4-cylinder one, new peripheral engine parts, new brakes, new
tires, etc. Direct fuel savings could be as much as 40 percent. This type
of automobile repair can potentially save 28,000 barrels of crude oil per
day in the United States. In addition, a sizeable economic potential
exists for job creation through this labor intensive method.

Retrofitting automobiles 18 a second way to promote fuel
economy, For a vehicle which gets 1lF miles per gallon and a remaining life
expectancy of 50,000 miles, and assuming a 12 percent annual fuel price
increase, a US$400 investment would be cost effective if it produced a 10
percent increase in fuel economy. For US$750 a 20 percent saving should be
realized. Options include: radial tires, tire inflation, advanced
lubricants, routine maintenance, driver skill training, idle-off and
coasting systems, water emulcified fuel, thermostatically countrolled fans,
preheating fuel, and microprocessor controlled fuel intake, Retrofits
could gave 170,000 barrels of crude or equivalent per day in thr U.S5, A

third approach is local production of alcohol fuels for use in modified
automobiles,

sutomobiles, revie, remamufacturing, fuel, labor

456 Smith, H, V.
Klobble-~The Wood Maker/Waste User, Rehsifsa. London, U.K. Bulletin
#400, 25 February 1982. 10 pages.

In this technical bulletin, plastics reclamation using a klobbie
unit is described. This is an automatic extrusion molding machine designed
to handle certain mixed polymers. Currently, klobbies operate by Rheem
Australia, Limited, Australia, Superwood Limited in Dublin (Ireland),
Lankhorst Touwfabricken BV, Sneek (Netherlands), and HVS Mouldings Limited,
Fareham (England),

Rehsifsa, the manufacturer, presents specifiations for a 1,100
tons per year klobble unit., The feeding system is described as being able
to handle a wide variety of polymers including both fibrillated £film waste
and granulated HDPE. Homogenization and plasticization is effected by a
high speed adiabatic extender with a normal running speed of 350
revolutions per minute. Extruded materials are forced into a rotating
cylinder comprised of 10 molds. The automatic molding operation 18
conducted by the filling of molds triggering the cylinder to move to the
next unfilled mold. A unique feature is that different molds may be used
provided they are all of the same length,

Tiie klobble 1s rated as very rugged. The equipment 1s simple
with principal wear occurring at (1) the extruder screw (normal use: 1 year
before re-stelliting): (2) cutting blades in the mill; and (3) extruder
barrel heoaters (lasting from 1 to 2 years). Selling price based on U.K.

costs (energy, materials, labor, etec,) must be 18,7 pence/kg in order to
break even,

plastics, plastics recycling, extrusion, molded products, equipment, wood
substitutes
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457 Smith, H. V,

Some OCriteria for the Successful Commercial Recycling of Heterogenous
Plastic Wastes. Conservatiog_gnd Racyeling, Perggmon Press. U.K. Volume
2, Number 2, 1978. Pages 197-201, Geneva, Switzerland,

Six criteria for successful recycling of mixed plastic waste are
presented in this article. They are: efficient homogenization;
conservation of energy by adiabatic operation; one step conversion of waste
to finisheél product; consistency of feedstock; maximization of plant
utilization; and selection of finished product from the standpoint of
marketability.

Recyeling of heterogenous polymers requires efficient
homogenization to produce a molding compound with consistent properties,

The Mitsubighi Reverzer is one machire which can achieve this.
Contamination in mixed plastics waste is averted by forming end products in
thick sections (2-3 cm). These products do not compete with the plastics
industry, but with the concrete and woodworking industries.

Since pyrolysing waste plastics for fuel is not energy efficient,
recycling 1s the best way to conserve energy. This is true because the
Reverzer operates at close to adiabatic conditions, Also, the Reverzer
obtaing a simultaneous transformation of the melt to the end product,

conserving the energy otherwise necessary for the intermediate granular
stage.

The Reverzer can  homogenize almost any mixture of
thermoplastics. It is critical that the feedstock for a given product be
combined in generally equal proportions,

Choice of the final product determines how pnrofitable the
enterprise will be. The profit margin increases accordingly with the cost
of wood.

plastics recycling, Europe, gmall scale industry, product substitution,
equipment, pyrolysis

458 Steinberg, M,

| Beller, M.
Glass-Polymer Composites for Sewer Pipe Conatruction. In Proceedings of
the Fourth Mineral Warte Utilization Symposium. Chicago, Iliinois, U.S.A.

May, 1974, 12 pages. U.S. Bureau of Mines. Rockville, Maryland, U.S.A.
References.

This article describes the development of a concrete substitute
made by the Brookhaven National Laboratory, Concrete Polymer Materials
Development program, For example, a glass—polymer composite (GPC) is
produced by wixing crushed waste glass with monomer (either methyl
methacrylate or polyster-styrene) and polymerizing by chemical initliation
techniques. Monomer concentrations are 13 to 16 percent by weight in
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ungraded crushed bottle glass. Graded sleved glass results in monomer
loading of 9 to 10 percent, GPC 1is two to four times stronger than
ordinary concrete. It is also more durable. Using GPC for sewer pipes is
one way to use the large amount of waste glass in urban communities.
Various casting techniques including centrifugal casting are being
explored.

A fleld test was done in Long Island, New York. Texr lengths of
8-inch diameter 3.4 inch-wall, 42 inch long GPC were ins:alled in a
municipal sewer line, For the same wall thickness, the three edge bearing
strength of a polyestyrene GPC pipe is greater than twice the requirements
for concrete pipe of the American Soclety for Testing Materials. Cost
egtimates indicate that GPC is potentially competitive with asbestos
cement, vitreous clay, concrete and plastic pipe in the 8 to 24 inch
diameter pipe size range. The construction of large capacity solid waste
separation plants within the next few years will create an assured supply

of waste glass for producing GPC products such as sewer pipe and building
brick.

glass, glass recycling, plastic, product substitution, building materials
459 Sunavala, P, D.

Recycling of Municipal, Agricultural and Industrial Wastes to Generate
Renewable Sources of Energy, Journal of Scientific and Industrial

Research., Volume 40, Number 9. Pages 543-614. Council of Scientific aud

Industrial Research, New Delhi, India. September, 1981, Author at
Department of Chemical Engineering, Indian Institute of Technology,
Bombay., References,

This article covers the state of the art of resource recovery in
India., Using the energy crisis as the focal point for development efforts,
the article presents thermochemical means of recovering the energy value
inherent in wastes, especially from the municipal sector. Pyrolysis is
geen a8 the best anawer to refuge disposal problems,

Advantages to the pyrolysis process include available technology,
ease of storage, gas volumes considerably less than those generated by
incineration {(consequently pollution control is lower in cost) and 2
product which can be used in conjunction with sewage sludge to produce a

fertilizer. Charcoal could possibly be used es an activated carbon
substitute.

India, pyrolysis, technology, envirommental wmasnagement, pollution,
municipal wastes, agricultural wastes, industrial wastes, resource
recovery, energy recovery
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460 Sweetman, J.
Making Paper by Hand., Appropriate Technology. Intermediate Technology
Publications, Ltd. U.K., Volume 6, Number 3, 1979. Pages 9-11.

This document gives the history of paper making and basic
requirements for making paper by hand. Drawing on 30 years of experience,
the author describes the technical process of paper making beginning with
four requirements: vegetable cellulose fiber, water, power and a screen.
The raw material must be cellulose because only suspended cellulose has the
special property of forming fiber~to-fiber bonds by hydrogen in exchange as
water 18 expelled, Processing is accomplished to break up raw material,
soften the fiber and increase water absorption capacity and contact area.
In making paper by hand, judicious skill and control in heating the fibers
produces a quality paper., Pulping coloration, decolorization, molding, and
screening follow. Pressing and sizing forms the final product,

The article discusses why paper making is a capital intensive
industry. The author encourages the establishment of small scale, hand
made paper factories, especially in rural and urban fringe communities.

historical, peper making, fiber, smzll scale industry

461 Upaa, R.

Lund, T. L.

Rao, K. N,
Is Re-Mamufacturing Adaptable to Nigeria? Center for Policy Alternatives,
Massachusetts Institute of Technology. Cambridge, Massachusetts, U.S.A.
1980, 22 pages. References,

This document 1is one of a series of working papers on
opportunitias for remanufacturing in developing countries. The potential
development, constraints and possible disadvantages of remanufacturing are
described.

There are three basic stages of remanufacturing: disassembly to
make a pool of interchangeable parts, cleaning and refinishing, and
reassembly to produce new or equivalent goods.

Remanufacturing could be of particular importance to Nigeria
where 45 percent to 53 percent of the total value of imports are durable
goods. Increasing the availability of products through local remanufactur-
ing would have a positive impact on Nigeria's trade balance, and might
lower costs by 40-80 percent.

Nigeria places high priority on developing industry, yet remanu-
facturing is not on the government's priority list, A review reveals that
there are few sales and service facilities for imported equipment, and an
unreliable power system causes malfunction and damage to industrial plants
and domestic durable products. Favorable development characteristics
include the sufficient availability of older units to support an industry,
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and the high price of new equipment, Unfavorable characteristics include
concentration of units for remanufacturing in large towns. insufficient
skills training, and resistance to buylng used products,

A 1ist of candidate products for remanufacturing fn Nigeria is
suggested, Full feasibility studies are required. A strategy for
lmplementing an industry includes: technical schools and vocational
training centers; incentives for small independent firms; incentives for
original equipment manufacturers to locate in Nigeria; and, product
acceptance and marketing programs. :

Skilles transfer, low capital requirements and simpler technology
design are factors which lead the authors to conclude that remanufacturing
is appropriate for rural and urban develovment to benefit people in LDCs.

Background notes on manufacturing in Nigeria.

remanufacturing, economic development, small scale industry, Nigeria

462 Veal, F, J.

Whalley, L.
Renewable Resources as Chemical Feedstocks. Conservation and Recyeling.
Pergamon Press, U.K. Volume 4, Number T. Pages &47-57. 197§l
References,

The prospects for converting cellulogic materials into a wide
range of chemical products and the economic implications for product
subgtitution industries are reviewed in this article. At this time
hydrolysis 1is not economically feasible, However, the actual methods,
technology and research results are presented in the event that the
economic situation may change.

fiber, cellulose conversion, hydrolysis, chemicals, product substitution

463 Vogler, J.
Glassmaking as in the Time of Yore. Materials Reclamation Weekly. A.
Cohen & Company, Ltd. London, U.K. October 18, 1980. Pages 24-26.

This article discusses case studies of swmall scale glassmaking
enterprises now operating in Thailand, India, Egypt, Mexico, and Peru, For
example, in Bangkok, Thailand, a 100 percent foreign cullet fed (broken
glasa) glass factory employs 50 people and products 4 metric tons per day.
Material is collected by an informal recycling structure at bhottling
plants, and from merchanta and residences, It is washed, stored in
bunkers, and fed by elevators directly to a furnace., Most of the product
is flint (claar) glass. The furnace is poorly constructed of thin brick
and fire clay with corrugated iron to deflect 400°F heat from workers.
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Three hour retention is followed by 5 hou cooling. Products are "seedy"
but entirely acceptable., Swmall handmade operations elsewhere use potatoes
or an arsenic oxide/sodium nitrate mixture to reduce impurities.

small scale industry, glass, cullet, glass manufacturing, job creation,
product development, Thailand, India, Egypt, Mexico, Peru

464 Webber, H.

Meyer, M.
Utilization of Compost in Agriculture--Experiences in Europe and Especially
in the Middle Bast. Proceedings of International Symposium "The Practical
Implication of the Re-use of Solid Waste."” 11~12 November, 1981, London,
U.K. Pages 47-56. Institution of Civil Engineers, Loadon, U.X. 1981.
References.

This paper examines the significance of compost quality as a
grading indicator. As a direct result of growing uneasiness about modern
farming methods and use of chemical fertilizers in agriculture, compost
marketing is encouraged. While compost products derived from agricultural
and animal wastes can be routinely marketed, refuse~derived compost 1is as
yet: unmarketable. As a disposal method, it can have benefit.

A qualitative determination of ©biological processes 1is
difficult. Normally, it is done by examining the individuzl parameters.
The usual methods for testing the compost are as follows: determination of
the degree of decomposition of the organic matter (the rate of
decomposition per unit time indicates the digestion intensity); self
heating test in the Dewar tank (because digestion is an exothermic process;

a matured compost will no longer heat itself); determination of oxygen (02)
demand by a given quantity of compest over a defined period of time. (The

further the aerobic digestion process has advanced, the lower the 02
demand); testing of nitrogen (Ng present in its main form. (In fresh
compost, N 18 mainly present in the form of ammonia, subsequently, it is

first compounded as bacteria protein, and with subsequent digestion is
increasingly mineralized, 1i.e. transformed into nitrates). The best
indication of the degree of maturity of a compost is obtained from plant
growing test with, for example, the sensitive and fast growing cress being
ideal for the purpose.

Utilization and procurement speclfications are ultimate
determinants as to compost product fineness, Two criteria established by
compost plant operators are (l) compost grade on the basis of moisture,
iuvpurities, ignition loss and application (see table below); and (2) the
degree of maturity, i.e., pretreated, fresh, semi~matured, and matured
compost.
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CRITERIA FOR COMPOST PRODUCTS

Compost Grade Mature Only Mature Only Fresh or Matur:

moisture (% max.) 35 40 45

impurities (% max.) 1 per 4 mm mesh 1l per 65 mm mesh{l.5 per 8 mm mesh

ignition loss (% min.) 10 10 10

application potting earth, horticulture agri=-, vini-,
sports lawns, plg- silvi~, fruiti-
let earth, etc. culture, etc.

An important aspect 1in considering compost is the natural
resource ceondition. In arid reglons, compost fortified with fertilizer and
equivalent water compared to a fertilizer only control, resulted in yield
increases of 44 percent (cabbage), 53 percent {onions), 173 percent
(tomatoes), and 270 percent (lettuce).

Calculations based on experimental results showed that processed
town refuse without additives had fertilizer equivalencies of 43 percent
for ammonium sulphate, 83 percent for thomas phosphate and 57 percent for
manure peat.

composting, organics, Europe, Middle East, testing methods

465 Western, A. W.
Small Scale Papermaking.

Intermediate Technology Industrial Services (Intermediate
Technology Development  Group). Rallway  Terraces, Rugby, U.K.

1979. 217 pages. References.

This report evaluates small scale paper making in India. It
presents information on a variety of mills which produce from one to thirty
tons per day and use up to 100 percent secondary fiber. The history of
paper, the influence of small economies of scale, current Indian
state of the art, materials, processes and implications for developing
countries are presented,

The economy of scale research concluded that the system must be
appropriate for demand and consumption; supplies must be available; and
that increasing plant size will create increased demands for capital and
higher transportation costs and higher energy costs. Smaller mills are
more flexible, require less training and skill to operate, cost less and
provide greater employment per d llar. In a comparison between a 300-ton
per day plant and 10 small mills of 30 tons per day, the smaller mills cost
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50 percent less, generated twice as much employment and spread pollution on
a wider basis, avoiding the problem of dealing with great amounts of
pollution at one location,

paper, fiber, pasper wmaking, swall scale industry, economics, India, cost
analysis

466 Weygers, A, G.
The Recycling, Use, and Repair of Tools. Van Nostrand Reinhold Company.
New York, U.S.A., 1978, 112 pages. Glossary.

This book is a practical guide to the repair and reuse of tools
for small scale agricultural and cottage industries, How to salvage and
recondition tools from scrapyards and landfills 1s discussed. Repairs are
shown for simple and complex tools with the wuse of annotated
1llustrations. Lathes, chisels, and puncnes, bearings, grinding and
drilling toels, anu trip hammers are among the tools shown to be
repairable,.

tools, machine shop, reuse, ferrous scrap, nonferrous scrap, recycling,
wood

467 Zaichik, T. S. R.

Automatic Bottle Washing Machine. Pishchevaya Promishlenost. Moscow,
U.S5.5.R. 1978, 129 pages. References.

This document describes bottle washing on the 1intermediate
scale, Profusely illustrated, its five chapters describe: (1) machine
design 1inciuding design components, electrical schematics, resource
requirements and parts; (2) installation, adjustment and service, including
shakedown, bottle breakage reduction, and trouble shooting; (3) operation,
including technology and processing, detergeuts, hardness reduction in
water, and detergent recycling; (4) maintenance; and (5) safety, including
requirements, operation and maintenance, hazards and hazard mitigation.

bottle washing, healith and safety, Union of Soviet Socialist Republics,
small scale industry
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Economic Aspects

501

Iron and Steel Scrap: Its Significance and Influence on Further
Developments in the Iron and Steel Industries, United Nations. Economic
and Soclal Council, Economic Commission for Europe. Steel Committee.
ECE/STEEL/24. 17 August, 1978, 223 pages. References,

This document reviews the reole of ferrous scrap in 4iron and
ferrous steel production. Ferrous scrap is becoming increasingly important
because world production 1is derived almost equally from virgin ore
conversion and remelting of scrap. Further, industrfal dependence on scrap
may 1lncrease because of changes in production techniques: abandonment of
the Thomas process, marked decline of the open hearth process, increased
utilization of electric furraces, and increasing use of oxygen converters
and rolling mill capacities.

The study outlines several considerations as a result including:
sources, preparation, classification of scrap, economic and technical
factors affecting the pig iron/scrap material balances, and the ultimate
impacts on scrap market futures and investment prospects. The study also
documents worldwide the flow of ferrous scrap.

ferrous scrap, recycling, economics

502 Butlin, J, A.
Economics and Recycling. Journal of Resources Policy. PC Sclence and

r——

Technology Press. Surrey, U.K. June, 1977, Pages 87-95, References.

This article documents the change f£rom rural small scale
agricultural bhased economies to urban, large scale industrial based ones,
and discusses the economics of recycling. The opportunity cost of using
the assimilative capacity of the environment to absorb the increasing
generated waste has risen well above zero (the equivalent of treating the
supply of environmental services as 1infinite); and i1s reflected in
increasing costs and pollution.

Over time, the waste absorptive capacity of the globe has
decreased in response to population and economic growth, and the technical
changes which have altered the quantity and characteristics of generated
waste. Past policies of raw material extraction have served their purpose
and it 1s necessary to curb the current over-axtraction of raw materials in
order to utilize and invest in reclamation and recycling technology.

Aggregate collection of domestic waste solely for sanitation
purposes poses great difficulty in terms of reallocating fiscal and
technical resources away from disposal. Similarly, rapid depletion of
exhaustible virgin resources by industry is built into economic practice by
government economic policies.
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Government regulatory measures are needed to reinforce socially
desirable goals. Law enforcement is enhanced by positive social attitudes
toward waste avoidance, Both can enhance economic conditions and
reclamation practices, and make recycling viable. This will reduce local
costs and improve the balance of payments.

The discussion applies to the United Kingdom but its approech can
be applied to all industrialized and industrializing economies considering
government intervention in materials flow and development,

sconomics, recycling, envirommental management, United Ringdom

503 Claggett, R, E.
The Soda Ash Picture. The Glass Industry. New York, New York, U.S.A.
December, 1981. Pages 28-31. Author: Texasgulf Chemicals Company,
Raleigh, North Carolina, U.S.A,

This document examines developments affecting the production,
consumption and distribution of soda ash in glass manufacturing. The
United States may soon become the major world supplier of this key
ingredient. Production from vast trona deposits in southwestern Wyoming
has discouraged synthetic soda ash manufacturers from upgrading aging
plants and covering the escalating costs of energy and strict envirommental
requirements. Syracuse, New York and Searles Lake, California are two
other production areas using direct carbonation of natural brine with a

combined capacity in 1981 of 2.3 million short tons/year.

In addition to the glass industry, soda ash is used in pulp and
paper manufacture, soap and detergent manufacture, water treatment and air
pollution control. United States export of soda ash is three times the
level of domestic consumption, with Western Hemisphere countries {Mexico,
Canada, Venezuela) leading consumers. Rail trangportation i1s the
predominant means of distributing natural soda ash to domestic markets and
port terminale on the Gulf and west coasts for export., Manufacturers tend
to maintain a 7 to 10 day supply to insure contained operation during bad
waather which could disrupt delivery schedules. World production data are
shown in table below.

WORLD SODA ASH PRODUCTION--1980

1,000 short tons

United States 8,277
Western Hemisphere 1,233
Western Europe 7,534
Africa 257
Asia/Oceania 3,058
USSR/Eastern Eurocpe 11,783

Tota. 32,142

soda ash, glass manufacturing, international trade
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504 Grace, R.
Turner, R, K.
Walter, J.
Secondary Materials and Internatiomal Trade. Journal of Environmental
Economics and Management., Academic Fress. London, U.K, Volume 5, Number

2, 1978. Pages 172-186. References,

This article discusses how international trade affects
recycling. The sources of demand and supply that act as volume,
composition and directional trade determinants are outlined. International
materlal flows for secondary materials are described. A model case study
on waste paper is focused on observed differences in various national
recycling rates. The role of trade in reconciling those differences 1is
presented,

The authors profile secr~adary materials flows as a complex
mechanism, They describe home scrap as not important to international
trade due to in~house use at individual plaants. Present and post consumer
scrap can play a role, though. Recovery is a function of concentration of
supply, revenue over costs of collection, transport and separation, and
alternative cost of disposal.

The price of virgin material acts as upper limit on secondary
material price, although in some technical aspects, certain production
processes demand selected proportions of acrap.

International secondary materials trade could prove to be a
dynamic force in redistributing variatiors between countries of supply and
demand,

institutions, secondary materials recovery, iunternational trade, recycling

505 Henstock, M. E.
The Conflict Between First Cost and Recyclability in the Design of
Mamufactured Goods. Resources Policy. IPC Business Press. U.K., Volume
4, Number 3., September, 1978. Pages 160-165., References.

This article reviews the Iimportance of product design to
recyclability and the problems inherent in that strategy.

Many manufactured items cannot be recycled because they contain
naterials that contaminate each cther, Morecver, modern construction
methods often preclude simpl: and easy separation into usable pieces.
Consideration, at the design stage, of subsequent recycling could
facilitate a suitable choice of material and a wode of construction to aid
reclamation. Such redesign is, however, likely to involve increased cost.
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In addition, there are basic problems to overcome which can
become institutional barriers if a clear cut strategy is not developed to
eliminate or mitigate their effects, These 1include: prejudices by
manufacturers and consumers towards secondary materials with which they may
not have experience; the fact that certain grades of secondary materials
lack the flexibility of high purity primary feed and are suitable for a
restricted range of uses; and that only a fraction of the total demand for
a material can normally be supplied from secondary sources. These factors
encourage manufacturers to draw their principal supplies from primary
producers except when there is a shortage of primary materials, or when
prices in the secondary market are especially favorable.

The specification barrier is intensified due to product or
material contamination inherent in product design. Contamination can be
avoided by hand segregation, use of applications and products suited to
mixed or contaminated characters, and design changes to reduce mixtures.

The nature of goods manufactured by modern, mass~production
methods 1s such that self-cortamination 1is, in many cases, almost
unavoidable. Although redesign to avoid such problems is in principle
possible, cost ‘- increases are very likely given the fact that most
industries already manufactwie at minlmum cost and have substantial
investment in existing manufacturing technology.

The author believes that consumers will not voluntarily pay a
premium to ensure recyclability of products. Manufacturers are thus not
likely to place themselves at a cost disadvantage relative to thelr
competitors,

Design for recyclability will, it 1s generally conceded, come
only as a result of legislation, as have other develcopments such as seat
belts and catalytic converters for exhaust fumes,

source reduction, recysling, remamufacturing, product deeign

506 Lindberg, R. A.

Akagi, R. H.
Reclamation, 1975-2000: A Xey to Economic Survival. Marketing/Management
3ervices Division, National Credit Office, Dun and Bradstreet, Inc., New
York, New York, U.S.A. November, 1974. 314 pages. References.

This document 18 an extensive economic forecaat of the waste
reclamation iundustry. The underlying concept 1s that the wnrld economy
must retreat from the current wode of linear production; that 1is,
converting raw materlals to waste through a single product state. "The
human condition can no longer be maintained without a swift rise in the
recycling of what we now call waste... Indeed, the very survival of the
world culture may well depend on a quick and complete shift to the practice
of returning materials at the end of product life to nature or to
production. The world economy has loops to close. How qulckly they are
closed and how many materiale they are closed for 1is 1likely to wmore

pﬁofoundly influence the future of human history than any single event of
the past.”
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The report deals with waste entering the public domain only. It
is not concerned with waste recoverable in industrial plants. For exarple,
mine tailings returned to mining pits are not included in the site, nor are
any of the chemicals recovered in plant from process effluents. The
demarcation 1s not precise, however. Agricultural wastes, which for the
most part are not moved far from where they are generated, are dealt with
in the study. Secondly, the study addresses itself to waste in any form
that constitutes a major contributor to the waste total, not solid waste
only. Heat and water, among other significant forms of waste, are alsc
surveyed.

A key to the solution to the waste problem is to make parallel
the growth in the supply of materials from reclaimed sources with the
growth in population and consumption.

The authors are confident in the technologies for recovering
energy from municipal solid waste, converting agricultural waste to
proteins and fertilizers, as well as for manufacturing products from
secondary materials. Among the assumptions made for forecasting economic
trends are the following:

« The cost of energy will rise 300-40Q percent above 1973 prices
by the year 2000;

. Estimated costs of key fuels by the year 2000 are (1970

dollars):
Coal - $32 to $50 Standard Ton
Natural Gas - «85 to 1,10 Cubic foot
011 - .15 to 20 Barrel
Uranium - 9,25 to 14,80 Pound

Strategies for individual, government and international actions
are discussed. The authors feel that comprehensive development of
reclamation in the world economy can stabllize inflationary cycles.

"If mankind is to retain its present standard of living, it will
be forced to reduce its rates of consumption of natural resources and
production of goods and services must be stabilized at beniga levels. This
will require reclamation o©f consumed materials on an 1increasing scale.
Should that, in turn, be accomplished, then waste conversion will likely
have become the world's largest industry outside of agriculture by the turn
of the century.”

"The waste conversion industry cannot grow to a substantizl size
without deliberate, coordinated intervention. Despite the examples of the
energy crisis and the shortages of raw materials such as fiber, manufactur-
ers generally continue to look toward virgin materials to supply them with
the ingredients for the products they create and have not yet seen the need
to significantly alter their wasteful production, product design, and
marketing strategies. Consumers still persist in their preferemce for
newly used materials and their conspicuously consumptive ways. Govern-
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ments, for the most part, remain iIndifferent to the potential disasters
building up globally and in their own countries.

economics, agriculture, waste recovery, resource recovery

507 Page, T.
Congervation and Economic Efficliency. Johns Hopkins University Press.
Baltimore, Maryland, U.S.A. 1977. 266 pages. References.

This author believes that the contlnued erosion of natural
resource bases, which has been heightened in recent years, poses a great
challenge to the world to provide and maintain a reasonable standard of
iiving, and preserve a livable environment. Material wellbeing and the
quality of the wnatural environment are integrally related; and policies
established to address one will ultimately have an effect on the other.
Complex interrelationships confuse and concern society, but the uneven
distribution of resources, wealth and income, between developed and
developing nations has far wider implications. The level of consumption of
virgin materials, the reuse and recycling of materials, the durability of
products, the substitution of materials and technological change, and the
types and quantlties of waste generated and subsequently discharged have
profound impact on the level of per capita material wealth worldwide.

The book discusses: economic efficiencies (factors affecting
virgin and secondary materials competiti-n), long-term distributional
implications (are we active enough to keep the resource base solvent for
future generations), and then reconciles these diverse functions by
combining the best properties of both.

The author concludes that resource depletion and waste generation
are not market failures but distribution problems subject to equivalent
macroeconomic policies used to treat unemployment and income distribution.

recycling, product durability, economics, conservation, govermment policy

508 Quimby, T. H. E.
Recycling, the Alternative to Disposal: A Case Study of the Poteatial for
Increased Recycliog of Newspapers and Corrugated Containers in the
Washington Metropolitan Area. Johns Hopkins University Press., Baltimore,
Maryland, U.S.A. 1975, 133 pages. References.

This book considers recycling as an economic phenomenon. In
recent years, the focus on energy prices put more attention on mixed solid
waste as a fuel substitute in thermal power plants or as a fuel in plants
epecifically designed to “recover energy" from mixed solid waste. This
document points out cellulose fiber in the paper residuals of municipal
solid waste will become more valuable in the future as a raw material for
production of paper products than as a fuel, The relative values can
change as a result of many factors including changing technology, tax
policies, costs of other inpuis, and costs of disposal. The generation and
disposal of residuals is discussed in relation to cost alternatives with
specific attention to the flow of paper from production to consumption.
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The application of a least cost sysiem analysis to solid wastes
handling and disposal for the Washington, D.C,, U.S.A., metropolitan area
reveals the feasibility of source separation recycling of newspaper and
corrugated containers. Recovery of the materials 1s feasible assuming
relatively low 1971 prices and assuming no technological innovation or
market alteration from the existing solid waste management system. A 10
percent diversion of total solid waste would result in a reduction in total
annval disposal costs of 6 percent,

newsprint, cardboard, paper, United States, recycling

509 Streefland, P.
The Absorptive Capacity of the Urban Tertiary Sector in Third World

Countries. Development and Change. Sage Publications, London, U.K.
Volume 8, 1977, Pages 293-305. References.

This paper discusses aspects of the informal sector in absorbing
workers. The author argues that the elasticity of the informal sector is
regulated and restricted by a number of factors: urban environment;
government policy; and capitalist penetration. Observations are based on
literature and data collented during research among Christian Sweepers
(CPS), who live in the Slaughterhouse area in old Karachi,

Due to their origins as "untouchables,” and their particular
work, the CPS5 are looked upon as second class citizens and are treated
accordingly by the Moslem majority, The social position of the CPS is
shown clearly in the comparative 1isolation in which they 1live, in
restrictions on their behavior, and in the subordinate character of their
interaction with the Moslems. Their economic position i3 quite strong,
however, and they cannot generally be classified as the poorest economic
strata, The work of the sweepers is indispensable., The result is a
monopolistic situation that enables them to earn incomes often quite high
compared to other unskilled laborers.

Some sweepers are employed by municipalities to perform several
kinds of duties including waste scavengers, servants, kudimen (who attend
the sewage system) and latrine cleaners. Scavengers work in squads and
teams assigned to specific areas. Work is done by both men and women,
Both municipal and private sweeper-work is hierarchically organized.

Mukyaddams or agents supervise the squads and teams, control
recruitment, assignment, overall work situation (absenteeigm, off-time) and
job security.,

Among themselves, sweepers speak of "ownership of a street” based
on rules that have validity within their community. The “owner” may do
work for himself or hire employees or grant share-contracts, It is easy to
discern a class structure hased on access to the main area of production,

the street, “Big owners" who control several streets play an important
tole in Slaughterhouse politics.
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The absorptive capacity of the urban informal sector is
potentially limited by four broad groups of factors. One is reduced accesa
to the control of resources either through ethnic, caste, and religious
group monopolies. As a regult, new migrantr may f£ace severe entry
barriers. Within such groups, brokers (like the sweepers' mukyaddam) take
on regulatory importance.

Another factor is the changing character of the urban environment
such as new sewage and solid waste technologles which could eliminate the
need for sweeper attendants and restrict physical access to salvagable
materials.

A third factor i3 goverament policy restricting informal sector
activities. One policy 1s the introduction of a licensing system. Another
1s a policy of shifting tertiasry scctors population from one area to
another,

Finally, the penetratiorn of labor saving devices, irrepairable
products, mechanical equipment and money lending by banks in competitive
areas can have a potentially enormous negative influence on absorptive
capacity. Capitalist penetration, as it 1s described by the author, may
igmore the inherent flexibilities of native systems in the rush to maximize
profit and ensure stable conditions necessary to long~term investment.

The absorptive capacity of additional labor in an even,
relatively stagnant, urban economy is large, but limited. While the
informal sector is elastic, various factors 1wpact  negatively.
Investigation of impacts remains a priority area,

economics, informal sector, job creation, developing country, scavengem.
wvaste management, Southeast Asia

510 Voorhoeve, J. J. C.
Organic  Fertilizers: Problems and Poteatial for Developing
Countries. World Bank Fertilizer Study, Background Paper No. 4, Jamwary,
1974, 1IPFC-Office of the Economic Advisor. 15 pages. References.

This document congsiders the use of organics as fertilizer
supplements, Organic fertilizers are generally assoclated with luxury
concerns of organic agricultures., The subject is most important, though,
when considered in face of high fertilizer costs, energy crises, foreign
exchange limitatiens and soll erosion, These factors would appear to
justify further attention.

It is estimated that total LDC production of soil nutrients (N,

P, and K) from organic residues and wastes is approximately 7.8 times
larger than consumption of commercial fertilizers by LDCs in 1971. Raw

output of N, P, and K from just urban compost is estimated at 0.60, 0.48,
and 0.71 million metric tons annually in LDCs.

An important source to defray costs of organic fertilizers is
methane gas production. Methane gas can be produced from organic waste
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without significantly reducing the fertilizer value of vesidue, Such a
process for urban composts and sludges is now technically feasible,

Compost material and other organic fertilizers are considered
more valuable as so0il conditioners than as fertilizers (inhibit soil
erosion and water runoff). In particular, erosion is a serious problem in
LDCs because of minimal soil depth and silting of irrigation ditches. A
comparison of topsoil loss with degree of compost added showed that
applying 400 tons per hectare saved almost 95 percent of soil from eroding.

Problems for increased use of organic feriilizers include farmer
resigtance, ‘lack of financlal support, public health problems, economic
return and lack of research in LDCs.

composting, soil amendment, soil conservation, India, Netherlands, Mexico,
developing couniries

511
Office Paper Recovery: Role of Sheltered Workshop. Environment Conserva-—
tion Directorate of Canada. Ottawa, Canada. 1980. 353 pages. References.

This document describes the use of handicapped people to perform
cost effective labor intensive sorting operations. Three Ortawa sheltered
workshops participated by setting up facilities to sort waste paper on
their premises, The handicapped assisted in collecting the waste paper
from two designated government buildings, They sorted a wvariety of
wastepaper materials and helped to deliver the sorted paper to a local
dealer.

Based on the handling of 26,244 kilograms of various paper
grades, the study concluded that (1) the project was economically viable
based on market prices and sorting times required per paper grade: (2°
material satisfied dealer specificaitons; and (3) workers enjoyed the
sorting tasks. Tt was recommended that the federal government expand
employment opportunities of thic type.

waste paper recovery, government policy, job creation, office building
recycling

512

Plant Requirements to Set Up and Operate a Gray Irom Jobbing Foundry.
Report prepared for the Agency for International Development. Prepared by
George H. Andrews Engineering Assoclates, Inc. Washington, D,C., U.S.A.
(P0-292~824) May, 1959. 29 pages. References.

This manual discusses how to establish a small gray iron foundry
for a general or jobbing business, which producs about 8 tons per day of
finished castings. This level is deemed to be an economical unit employing
30-35 workers, Manufacturing operations are described and illustrated, as
is production equipment,
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As a jobber, the foundry would get 1its business from many
customers, ordering castings of varied shape and quantity. It is assumed
that customers would supply their own patterns. The majority of castings
would be in the 1/2 to 50 lbs. size, but sizes up to one ton are possible.

Petails are provided for plant layout and site, building, power,
water, fuel, supplies and materials, Direct and indirect labor needs,
manufacturing costs, capital costs and sales revenues are projected, while
budget operations, engineering, training, and safety are considered.
Marketing, economic, legal and financial factor questions are raised, and a
financial plan presented.

ferrous scrap, appropriate technology, small scale industry, developing
country

513

Plant Bequirements to Set Up and Operate a S5mall Steel Smelting Plant.
Prepared by George H. Andrews Engineering Associates, Inc. Washington,
D.C., for International Cooperation Administration. Washington, D.C.,
B,5.A. NTIS #PB 292 869. September, 1957. 26 pages. References.

This report describes a small steel melting plant which
manufactures ingota or billets from scrap metal where demand exists and
where such an operation would be feasible. For purposes of simplification
only ingots were discussed, The market for this plant is a small steel
rolling mill to produce bars, and merchant shops.

General assumptions, product specifications, operations, layout,
resource requirements and an economic analysis are provided.

ferrous scrap, small scale industry

514

Recycling Poultry Waste as Feed., U.S. Department of Agriculture.
Washington, D.C.. U.S.A, Series #254, March, 1974, 46 pages.
References,

The recycling of dried layer waste (DLW) as feed for livestock
and poultry is examined in considerable detail. The cost of pollution
abatement associated with glternative poultry waste management systems is
also analyzed.

The cost of producing one ton of DLW is $25, $30, and $46 for
flock sizes of 80,000, 50,000, and 20,000 respectively. Using available
drying systems, farm processing and feeding of DLW does not appear to be
economically feasible for the famiiy sized (10,000 layer) operation.
However, processing and feeding of DLW may be feasible for larger

operations, which attained the highest net returns when DLW was fed as 12.5
percent of the ration.
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Cost analysis of the alternative methods of waste abatement show
land disposal and anaerobic lagoon treatment to be the least expensive.
Mechanical drying, aercbic lagoon treatment, oxidation ditch treatment, and
combined anaerobic-aerobic lagocon treatment fall within the intermedfate
cost range. Composting and incineration are the most expensive.

animal feed, cost analysis, waste recovery

515 '

Report on Compost Studies at the Pingtung Experimental Plant Organic Wastes
Section., Talwan Institute of Environmental Sanitation., Taipeil, Taiwan,
China. December, 1959, 39 pages.

This report documenta an experimental composting plant
constructed in Taiwan, China, in the 19508 to demoustrate feasibility of
producing and marketing compost commercially. Technical and economic
aspects are presented.

A one year trial was technically successful with 10 tons of
organics processed each working day into ¢ tons of marketable product. Of
the 1,400 tons produced for sale, 400 tons were sold to government agencies
and the rest to farmers at §NT40/ton, or US3$l.lo/ton. The facility
operated at a slight loss (20 percent of the total operating cost), which
was recoverable if compost price was increased slightly. Conclusions were
favorable and resulted in construction of a 25 ton per day facility.

composting; economics; marketing; processing; organics; Taiwan, China

516

Small Brass Foundry. Report prepared for the International Cooperation
Administration Office of Industrial Resources Technical Inquiry Service, by
George H. Andrews Engineering Assoclates, Inc. Washington, D.C., U.S.A.
(IR-26072-PR) October, 1960, 21 pages. References,

This report provides a general review of factors considered in
deciding to establish a small brass foundry. All capital and operational
costs are based on U.S. prices and conditions. Adjustments for 1local
conditions wmust be made. It 1s assumed that power, water, and
transportation are available and that the plant operates eight hours a day,
five days a week, 50 weeks a year, Equipment and manufacturing operations
are described and pictured.

Copper, aluminum, and nonferrous alloy casting may be substituted
for brass production saccording to the report. The products for brass
castings are bullding hardware such as hinges, hasps and locks. The plant
is designed to produce 1,000 pounds of casting in eight hours,

Detail is provided for direct materials and supplies required,
plant sites and layout, building specifications, power, water, and fuel
needs; tools, equipment, furniture, and fixtures; and direct and indirect
labor. Additional financial details include manufacturing overhead and
cost, financing, fixed assets, working capital, capital requirements, and
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sales revenues. Basic paperwork needed for operations, training, safety,
and other work factors are discussed. Institutional factors such as
marketing elements, laws, and regulations are also discussed briefly.

appropriate technology, developing country, foundries, nonferrous scrap,
recycling

517

Study of Raw Material Costs for a Proposed Strawbased Pulping Mill in the
Vicinity of Mobridge, South Dakota. Economic Deavelopment Administration.
U.S., Department of Commerce. Washington, D.C., U.S.A. 1970, 40 pages.

This document shows that the cost to supply adequate straw and
waste paper for a proposed mill in Mobridge would be at a competitve
disadvantage to wood based and paper based pulp mills now operating in the
midwestern United States and Mexico. Transportation costs of the finisghed
product to market could also work against the mill's success. A study was
initiated to see if economic advantage could be gained by using straw, an
abundant and relatively little used resource, as a principal ingredient. A
250 ton per day capacity plant producing nine point corrugated medium would
require 67,000 tons of straw annually and 60,000 tons of waste paper.
Employment would be created for the community.

cost analysis, paper, pulp, waste paper recovery

518 Birkbeck, C.
Self-Employed Proletarians in an Informal Factory: The Case of Cali's
Garbage Dump. Jrirnal of World Development. Volume 6, Numbers 9/10,
Pages }173~1185, Pergamon Press. 1978, U.,K. References.

This document presents data on the organization of work among the
scavengers on the garbage dump in the city of Cali, Colombia. Garbage
pickers can be characterized as working for the large industrial buyers of
recovered materials, but as not being employed by them. Hence, their
activities are organized, but in a special way. There is a certain degree
of regularity in the hours and forms of work, and a certain amount of
management by the dealers in waste materials, However, the majority of the
garbage pickers work independently and are paid on a piece work basis.
While this encourages competition, conflict between pickers is surprisingly
rare, Garbage pickers have organized themselves to defend their right to
work, but for a number of reasons are unlikely to press for improvements in
their working conditions.

The author notes that low income workers in the "informal

sectors” of LDCs have often been characterized as unskilled, unorganized,
unproductive and unenterprising,

At the Cali garbage dump, "“factory” workers are nicknamed
"vultures” by the rest of Cali's populace--an allusion to the supposedly
dirty and undignified work involved in sorting through trash. Yet these

workers have very close ties that 1link garbage picking to industry.
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Pickers are part of a recycling network which feed industries in Cali and
other cltles in Columbia and Ecuador. They are casual laborers, yet retain
an illusion of being seif employed. They “control™ their work hours and
habits (although everyone usually must pick during periods when trucks come
in), but do not have any say in the critical factor of material prices.

Despite the apparent lack of written rules of overseers, there
are internal and external factors which help organize and regulate the
work. The above mentioned work hours issue and other informal machanisms
have developed that contain the competitive tendencies that inevitably
develop under the work conditions and temper the limited autonomy of the
scavengers (e.g., no sick leave, social security, etc,).

Formerly the scale and nature of picking was oriented to poor
people searching for cutlery, jewelry and clothing which were sold to
second hand stores or brought into the low income household. Garbage
picking in Cali has now evolved into a materials supply industry.

The work 1is both productive and efficient, although it is an
efficiency based on poverty standards. The price paid to the pickers for
waste paper, for example, is but one third the cost of pulp for the paper
industry. The income of pickers averages only 80 pesos per day,

Birkbeck describes social conditions of the Cali dump workers.
The age distribution of workers ranges frcm the very young to the old.
Nearly half of the children have not gone to school beyond the second
year. The length of time spent as a picker varies widely. As a refugee
occupation, scavenging supports people with no other opportunities for
earning a living. The author notes that many people prefer to "work for
themselves"” and profess no desire to leave, perhaps because they ard on

good terms with a particular truck driver and have continued access to
better materials.

The workers have developed skills and entrepreneur's instincts
such as getting waste from factories and making new products, excavating
for materials buried long ago, elevating themselves into buyers of

materials, or starting partnerships and exclusive arrangements with
factories.

Despite the conditions and nature of the"piece” work, conflict is
very rave and the dump has witnessed impressive attempts at solidarity.
There is almost a total lack of robbery of materials. The rest of the city
continues to perceive the dump as an evil and lawless place.

Spontaneaous organizations of workers successfully warded off
threats to close the dump to pickers by the city. Pickers' organization
efforts have been concerncd with the right to work, not the conditions of
work. The only attempt to improve the terms of work originated outside the
dump in the early 1960s by a local charitable foundation. A cooperative of
70 pickers was set up but closed down in the face of external pressure from
the large companies and internal adminstrative problems.

Garbage pickers are not unskilled, or unproductive. Still these
characterstics of entrepreneurship and innovation have not led, nor are
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they likely to lead, to long=-term solutions of their livelihood.

Specific policies which could help the workers include forming a
permanent organization which would bargain with dealers for better prices
and greater access to materials and the introduction of simple machines to
improve productivity.

Columbia, community enterprises, oconomics, informal sector, recycling,
scavengers, secondary materials recovery

519 Promley, R.
Organization, Regulation and Exploitation in the Se-Called “Urban informal
Sector™: The Street Traders of Call, Columbia. World Development, Volume
6, Number 9. Pages 1161-1171. Pergamon Press, U.K. References.

Cali's street traders are analyzed in relation to prevailng ideas
of the "informal sector,” and are shown to have various forms of economic

and political organizations. Most traders operate illegally, but officlal
regulation results in containment rather than eradication. Over half the
traders are “"self employed.” The remainder fall into one or both of two
increasingly important and potentially exploitative working relationships

with larger enterprises: "commission selling" and "dependant working."
Official intervention to promote selected small enterprises is highly
problematic because of: negative official and elite &attitudes;

"illegzlity” of most enterprises; factional self interest of vendors' trade
unions; “leakage” of benefits to large enterprises using commission sellers
and/or dependent workers; and upward wmobility by a favored minority
accompanied by worsening conditions for the majority.

Analysis of the informal sector in LDC economies remains an i1l
defined rtesearch frontier between employment research and social
pathology. Informal sector principal characteristics-—-transience,
mobility, the lack of an establishment, and the poverty and relatively low
education of most of its participants--make research very difficult,

Street traders appear as an important and typical occupation of
the informal sector of urban labor markets.

A wide variety of soclal research methods, inclulding question-
naire survays, participant and nonparticipant observers, semistructured
interviews with offfclals, leaders and informants, tape recorded 1life

histories, street counts, and newspaper and documentary research were
conducted,

The view of the urban informal sector which has been recently
institutionalized by the Interantional T.abor Office emphasizes the growth
potential of small, labor intensive business (Employment, Incomes and
Equality, A Strategy for Increasing Productive Employment in Kenya. 1972,
Geneva) and recommends major official assistance to this sector,

The small businesses are considered to be independent,
unorganized, almost unregulated, little related to authorities or to big
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business and essentially thonest, legitimate and entrepreneurial,
Government and industry practices both support operations in the informal
sector and limit the development of entrepreneurial instincts and
capacities,

Colombla, ioformal sector, job creatiom, labor

520 Croke, K,
Baum, J.
Rosenberg, R.
Municipsl Financing of Integrated Community Energy Systems. Argonne
National Laboratory. Argonne, Illinois, U.$.,A. 1977. 52 pages. Authors
at University of Illinois, Chicago, Illinois, U.S.A. References.

The authors document the effects of increased energy costs on the
availability of comounity services. This has created a need for communi-
ties to seek new methods of ensuring adequate energy at reasonbly stable
prices. One method is the integrated community energy system, which
consists of district heating and cooling central heat pumps, solar and coal
powered networks, cogeneration and resource recovery,

Advantages and disadvantages of six financing options are
examined, These are! municipal general obligation honds, corporate

bonding with guarantees, tax exempt industrial revenue bonds, special
revenue bonds, state and federal financial support and formation of
mmicipal joint action agencies.

Resource recovery case studies focus on financing, incloeding
amount of financing, facility ownership, repayment schedules, methods of
managing revenues, selection of outride consultants, scheduling. projects
and monitoring projects.

economics, energy recovery, resource recovery

521 Dalzell, H. W,
Gray, K. R.
Biddlestone, A. J.
Composting in Tropical Agricultere. International Institute of Biological
Husbandry, Ipswich, U.K. 198i. 36 pages. References.

This report presents economic and technical information on
composting processes. Composting is simple in technique, applicable to
many agricultural situations in developing countries, and can be conducted
with manual labor,

The report is to be used as a manual., It is based on 10 years
online experience of the Indlan Agricultural Center, Medak and British
Compost Studies Group, University of Birmingham. Suitable materials for
composting are described. Composting can be done totally by manual labor,
However, a high degree of mechanization can be introduced in municipalities
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where thia would be more appropriate, At present, many of the wastes
available in tropical countries are poorly utilized,

An economic analysis of composting concludes that developing
countries can make use of lower labor costs and lower transportation costs
(animal power). Modification of the farming system to produce and use
organic materials can make composting more efficient., It 1s assumed that
three man days are vequired for the production and spreading of one ton of
compost, based on recent experience and equipment outlined in this manual,
In considering the supply of the three major nutriente, potash, nitrogen
and potassium, compost may compete economizally on a nmutrient basis with
the more concentrated fertilizers, There 1is 1little risk 1f simple
procedures are followed, Composting czan be carried out at any time and
hence can be fitted into slack periods in the farming year.

agriculture, coamposting, economics

522 Doedens, H.

Feasibility of the Separating Collection (Source Separation) of Recyclable
Components in Refuse, Proceedings of the International Recycling Coungress
(Recycling Berlin '79). Berlin, Federal Republic of Germany. Pages

823-827, E. Freitag--Verlag fir Umvelttechnik. 1979, References.

This article covers (1) separate collection of glass at depots;
(2) separate collection for single fraction material (fiber—-which costa 50
percent more than 1t returns through revenue); (3) comparison of
intergrated and separate collection systems; and (4) recommendations for
cities to follow in implementing recovery or collection systems,

A key conclusion concerns the development of recycling, The
author finds factors which limit separate collection are not as much as the
participation rate of citizens, but more the limited uses for waste derived
materials,

The author recommends separate collection only in areas of good
markets, Integrateé collection makes payback and compensation of savings
in diverted disposal costs much easier,

collection, economics, resource recovery, secondary materials recovery,
separate collection, s0lid waste management

523 Flintoff, F.
Solid Wastes Management in Csiro and Alexandra and at Sites and SErvices

and Upgrading Projects, Report to Egyptian Arab Republic, and the

International Bank for Reconstruction and Development. Essex, .K.
December, 1977. 85 pages. References.

This document reports on waste managemet policy in Egypt. Two
important factors were identified which must preceed technology transfer
and investment: (1) government agencies have to decide on the future role

of private collection and disposal contractors and the future form of the
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management structure for municipally operated services; and (2) small scale
pilot projects should be initiated to determine the applicability and cost
of the technology being introduced. This will aid the detailed planning
necessary for further capital investment.

In Cairo it was found thac although solid wastes were being
collected from less than half the population, management attention was
forussed on disposal, often involving a high level of mechanization, The
state of the Egyptian economy 1s likely to indicate labor intensive
golutions and intermediate technologies. This could be best handled by
developing the current infrastructure,

A general review of waste management in Cairo is also presented.
Costs methods and current efficlencies are discussed. Factors affecting
decisions and policy issues are described, especially with respect to the
Zabbaleen or Coptic Christian sect who scavenge and rscycle a large amount
of urban wastes, Typically, Zarrabs were reported to collect material
related to income level as shown below:

Estimated Percent Wastes Thrown

Estimated Percent onto Streets for Collection
Type of Area of Waste Collected by Municipal Services
Wealthy 100 -
Middle Class 95 5
Lower Middle Class 50 50
Low Income Class - 100

Among technologies «considered for upgrading the system,
composting recelves high priority. Intermediate technology composting
plants are preferable to high technology ones. Economic analysis indicated
costs of intermediate composting technology are about the same as for high
standard landfills and should be studied further.

collection, composting, economics, Egypt, informal sector, institutionms,
scavengers, solid waste disposal, solid waste management, Zabbaleen

524 ' LeSieur, H, A.
Appropriate Technology and Scaling Counsiderations for Developing Nations.
Central American University. Jose Simeon Canas (UCA), El Salvador. For
U.S. Agency for International Development. Washington, D.C., U.S.A., 45
pages. References.

This paper presents the viewpoint that most chemical engineers
have been educated to believe that large scale and high technology are
essential for a project's viability, Most do not consider that large
economy of scale is not always appropriate, feasible or even possible in
developing countries. High technology may be appropriate in certain
cases, but more often Iintermediate or low technology is better, and fits
with available resources. Four examples are cited, all based on salvaging
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waste or underutilized raw materials for manufacturing food products or
fertiiigzers: (1) banana waste, (2) the discharged sludge from palm oil
processing (agricultural residues), (3) pryolytic conversion of rice hulls,
logging, coconut, oil palm wastes, rubber and bagasse, and (4) mini
fertilizer generator for farm use (the manufacture of modest amounts of
fertilizer based on small, low quality phosphate and limestone deposits
using alternate enexrgy sources),

Emphasie 1s placed on "appropriate technology” as a process,
rather than a prescribed formula for development, This process involves
aconomic, environmental, and aocial priorities.

appropriate taechnology, e.onomics, orgauics

525 Maung, M.
Composting of Municipsl Wastes: UNIDO Experience, Presented at the Food
and Agricultural Organization (FA0) of the United Nations Swedish
International Development Agency Workshop on the Use of Organic Materials
ap Fertilizers in Asia. Held in Bangkok, Thailand. 26 October—5 November,
1976, Food and Agriculture Organization. Rome, Italy. 1978, Pages
287~300. References,

This document presents the important findings of municipal waste
composting projects of the United Nations' Industrial Development
Organization in Bujumbura, Burundi (1969), Conakry, Guinea (1970), Aden,
People's Democratic Republic of Yemen (1971), Rabat, and Casablanca,
Morocco (1974 and 1975), Technical and managerial problems are considered
for sanitary disposal and reclamation of wastes for use in agriculture., A
cost benefit analysis is included,

Plant size must be based on the availability and composition of
raw materials. In developing countries an annual increase in refuse
production is estimated at four percent (2.5 percent population growth and
1.5 percent increase in per capita refuse production, commensurate with the
1.2-1.75 percent per capita increase in GNP which is projected up to
1995). Characteristics of Moroccan municipal waste are contrasted with
those of European cities, Differences include LDC to European country
ratios as follows: moisture content (66~72 percent to 40 percent), density
(.35-.45 to .18-,25), daily per capita production (.45 kilograms to .9
kilograms), and compoetable material (range 70-85 percent to 35=55
percent).

For developing countries, the high bulk and low unit value of
materials affects plant and choice of process. Quality of product often
bears no relation to the degree of sophistication of machinery and
process. The author notes that simplicity of plant design and composting
process can reduce capital costs, increase Llabor intensiveness and
encourage local production, repair and maintenance of equipment. Adapting
composting to deal with the high amounts of organic matter and humidity is
stresaed,

*
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One finding was that many wmunicipalities are only prepared to pay
a competitive price to the compost plant for accepting waste. However, no
uniform method for economic evaluation of compost plants has been developed
to establish this fee. One possible method is to consider economics on the
basis of nutricnt content equivalency. Tor Aden the minimum estimated
value in terms of its contribution of nitrogen (1.12 percent) arnd
phosphates (1.02 percent) to che soll is US$21 to US$47 per ton (1975
prices) for equivalent inorganic fertilizers. The value of potassium and
other benefits such as improvements in soil structure and water retention,
alleviation of the waste disposal problem, foreign exchange savings through
reduction of fertil‘zer imports, creation of employment, etc., are not yet
integrated, Another method is to estimate crop yleld increments obtained
through application of compost, Experience 1indicates that technical
problems such as process adaptation, repair and maintenance of equipment
are relatively minor and easily solved problems, There should be
provisions for capital and working budgets, selection of plant site,
organization of refuse collection to serve the plant, marketing ,
distribution and application of compost, aad division of responsiblity
between municipal and agricultural authorities in order to effectively
start up a plant.

Composting plants using urban wastes can offer good opportunities
for private {investors, but azsurances from municipal governments as to
steady availablity and delivery of waste are critical to assure plant
viability.

Urban refuse compost can meet only s small wart of a coumtry's
fertilizer needs, but may be the only readily available fertillizer.
National programs, as in Morocco, possibly with UNIDO's assistance, are
reconmended,

composting, economics, fertilizers, Middle East, Morocco, organics

526 Moser, C.

The Dual Economy and Marginality Debate and the Contribution of Micro
Analysis: Market Sellers in Bogota. Journal of Development and Change.
Sage Publirs:lons, Ltd., London, U.K, Volume 8. 197/. Pages #465-489.
References.

This document discusses the dual economy debate with attention to
macro and micro analyses, Icr presents insight {nto the informal
scavenging sector, although it does not directly address that sextor., This
document veports on the market system of the Plaza San Juan, Bogota,
controlled and administered by the Empressa Distrita)l de Servicios
Publicos, a public corporation responsible for public works such as

slaughterhouses, garbage collection, cemeteries, street cleaning and public
narkets.

Sellers of scavenged waste operate with skill and intiative to
build a2 secure economic base. Yet once recruited into this type of
economic activity, few sellers can expand sufficiently beyond a low income
level. There is only a minimal level of upward mobility, which empirically
contradicts theoretical assumptions made by traditional economic
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development analysts., Also, work histories and eoclal characteristics show
that sellers consititute a remoarkably stable work force, and are not a
floating population of misfits and social outcasts, unwilling to or umable
to cope with city life.

These characteristics are common not to a small marginal group in
a peripheral urban profession, but are representative of a considerable
portion of the working force. Selling, together with other service work,
forms the basis of the urban informal sector--poorly paid labor producing
the only means of livelihood for a considerable portion of the urban
population. A principle constraint on increasing profits is the level of
capital resources available to individuals. Sex and age are other critical
factors in determining limits of upward mobility. Mobility, when it does
occur, 18 in the direction of lucrative areas of self employment (show
ownership and wholesale markets and not unskilled waste employment). Low
income sellers provide a valuable service distributing cheap produce to
sectors of the population at a cost which would double if the cost of their
labor was taken into account. This occupation provides a minimal means of
livelihood for those unable to enter the productive labor force, Thus,
rather than a wmarginal occupation, this is an integral part of the urban
economy, functioning within the constraints of an unequsl exchange
relationship with wholesale suppliers and consumers.

Micro studies highlight the internal dynamics of developing
country urban economies. The long-term survival of “refugee occupations”
is supportive rather than detrimental to the continuance of the existing
urban economy.

econonics, informal sector, scavengers

527 Neamatalla, M.
Solid Waste Management Practices in Calro. Report No. 5. Solid Waste
Component., First Egypt Urban Development Project. Prepared by

Environmental Quality International for Governate of Cairo/Joint Housing
Projects Committee/International Development Association. March, 198l.
120 pages.

This study (1) documents current refuse management activities in
Cairo, including waste collection and utilization; (2) reports on several
phases of a study of waste management practices including waste analysis,
collection vehicles, economics of the {informal Trecycling sector
(Zabbaleen): and (3) presents data on several pilot projects.

The study focussed on the Zabbaleen waste collection and
utilization practices. The ultimate objective of the study was to enable
the Zabbaleen to upgrade their settlement at Manshiet Nasger. Ideas to
increase productivity and provide better sanitation of waste collection and
sorting procedures are detailed.

Economic analysis of the Zabbaleen system as of May 1980 showed
that a net revenue of 2.8 LE/daily ton is available to the Zabbaleen. This
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value was later used to estimate a “"utility fee" to te paid for Zabbaleen
service to poor sections of the city.

Bgypt, municipal solid waste, scavengers, solid waste management, waste
racovery, Zabbaleen

528 Rebong, J.
Elena, A.
Mangiang, M.
The Economics of Scavenging: Obscurity within the Recycling Business.
Priosma. Institute for Economic and Soclial Research, Education and

Information, Jakarta, Indonesia. December, 1978, Pages 36-45,

This report describes 1life among the “undesirables.” Daily work
activities, the actual pricing of materials, the intermediary agent system,
and relations among the scavengers are detailed. In particular, it
portrays the infrastructure as the "law of the jungle,” interwoven wi*rh
crime, violence and uncertainty.

The subject of scavengers is one that is repeated in many
countries. TIn Jakarta, scavengers are considered problems and the city
officials have attempted to forcibly move them outside the c¢ity. This has
not been successful., In spite of their lack of status, "undesirables” can
earn a fair amount of money and gain access to some segments of soclety.
The authors conclude <=hat scavengers are victims of urbanization who
nonetheless contribute to urban economic life.

scavengers, Indonesia, informal sector

529 Rosenberry, P.
Knutson, R,
Harmon, L.
Predicting the Effects of Soil Depletion from Erosion. Journal of Soil and
Water Conservation. Volume 35, Number 3. May-~June, 1980. Pages 131-134.
Soil Conservation Soclety of America. References.

Research was conducted at the Iowa Agricultural Experiment
Station to predict the effects of current levels of soil erosion until
2020, and also to examine six methods of reducing erosion to tolerable
levels. A tolerable level of erosion 1s that amount of land lost during
the year which will not affect the sustainable yield.

Using four different crops and test plots, the Station computed
the amount of fuel, fertilizer, pesticide and terraces needed to sustain
yield. Soil depletion for each of the individual plots was estimated. To
measure soil degrading, different soil phases (1-3) were used, with 3 being
the worst, Reductions in yields, increases in the amounts of fuel,
fertilizer, and pesticides to maintain sustained growth, were definitely
tied to the lack of conservation., Almost 50 percent fuel use increase was
eptimated for a soil that degraded from phase 1 to 3.
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For all soils an average cost of US$100 per acre was noted,
although the authors caution that the figure may be conservative and could
range upwards of several hundred dollars.

agriculture, fertilizers, organics, conservation

530 shin, K. C.
Possibilities and Limitations of Refuse Treatment for Gaining Raw Materials
and Energy. Proceedings of the International Recycling Congress (Recy:ling
Berlin '79). Berlin, Federal Republic of Germany. Pages 26-31. E.
Freitag--Verlag fir Umwelttechnik. 1979.

Refuse is nct "useless” but a valuable, potential source of raw
material as descrlibed 1in this paper. Recycling is 1limited due to
environmental and economic factors. In order to create more recycliag,
legislative and economic measures must be implemented. Legislation
involves subsidizing beneficlal operations and enacting laws against
processes which harm the environment. There needs to be an organized
economic system to stabilize markets for "waste products.”

Refuse utilization by separation (separate collection, separation
with machines in central plants), is discussed. Also discussed are uses
for recovered paper, glass, steel, nonferrous metal, and plastics;
utilization by conversion (landfill gas, sewer sludge composting,
pyrolysis). Factors which limit utilization are examined.

institutional barriers to recycling, organics, waste utilization

531 Shuval, H., 1.
Fconomics of Composting Municipal Refuse. Journal of the BSanitary
Engineering Division. Pages 47-56. American Society of Civil Engineers.
July, 1962, New York, New York, U.S.A. References.

A preliminary study was made of the economic aspect: of two
composting plants in Israel operated on a concession basis. One is an
existing 50 ton per day enclosed DANO biostabilizer plant in Haifa
producing 15,000 cubic meters (m3) of compost per year or one n3 of compost
for every ton of raw refuse handled. The other is a 500 ton per day
plant. It grinds refuse in two stages with equipment manufactured by
Dorr-Oliver of Holland and composting is done using open windrows turned
every three or four days for a period of approximately three weeks. This
plant in Tel Aviv expects to produce approximately 100,000 m3 of compost
per year or 0.7 m3 of compost for every ton of refuse handled. Cost
comparison to incineration 1s discussed.

The economic analyses point out that compost plants in the U.S.
may be in the same cost range as refuse disposal by incinerators. If a
market for compost could be developed, even at a nominal price, it could
become an ecuvnomic solution for waste disposal in many American cities.

compcsting, cost analysis, economic analysis, incimeration, Israel
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Smith, T. E.
532 Conn, W. D.
Product Burability——Economics and Related Aspects: An Anunotated
Bibliography. School of Architecture and Urban Planning. University of
California. Los Angeles, Califorreia, U.S.A. 1976. 28 pages.

This document {18 an annotated bibliography on product
durability. There are 32 citations which are divided into historical
agpects, theoretical discussions of durabilty and market structure,
theoretical discussions of the demand for durable goods, empirical studies,
and policy decisions,

product durability, source reduction

533 Thomas, C.

The Paper Chain: A Report on the Production, Use, Reclamation, and
Recycling of Paper in the United Kiogdow. Earth Resources Research, Ltd.
40 James Street, London, U.K, 1977. 100 pages. References.

This bouk presents an overview of papermaking, Toplcs covered
include manufacturing raw materlal, basic processes, mechanical and
chemical pulping, bleaching, sheet making, and sheet properties;
environpental impact (raw materials use, water and energy consumption,
pollution); economics (world supply, the EEC, Britain); and consumption
(quality considerations and consumer attitudes are discussed for a variety
of products).

Most waste paper is now used for packaging products, For other
paper products only limited amounts of high grade waste paper are used.
U.S. experience indicates that using lower grade waste paper is technically
feasible to produce wriclng paper and tissues.

Increased use of lower grade mixed papers requires removal of
contaminants and lowering unnecessary quality standards.

Appendix ITI examines potential production capabilities of smaller
paper mills, Recycling of waste paper could be improved by a wider
distribution of smaller paper mills.

Intermediate level of production is defined as a range of five
tons per day (tpd) to 70 tpd. Less than five tpd 1is characterized as
community workshop technology with very low capital costs., Machinery is
avallable in Weat Germany, India, and Britain, in the intermediate range.
For exawple, Tomlinson, Ltd. has a less than one tpd capacity pulp
packaging unit at a capital cost of 35-40,000 pounds.

Smaller mills generally employ more people per ton of paper
produced and the capital cost per workplace is generally lower.

intermediate processing, paper making, resource recovery, United Kingdom,
waste paper rccovery
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534 Tichenor, R.
Econoaics of a Small Rural Town Becycling System: Implications of a Case
Study. University of New Hampahirc. Durham, New Hampshire, U,S.A. 1976,
42 pages. References, T

This repurt examines an intermediate processing plant in a rural
town., It provides input requirements and corresponding cost and capacity
limitations; waste characteristics data; and household attitudes toward
separation at source,

For the plant, estimated input requirecments are smallest (and
thus, processing cost per ton is the lowest and capacity the largest) for
glas?, followed by newspaper, tincan, mixed paper, cardboard, and
aluminum. Bases on average dally weight, over 50 percent of the source
separated waste from sample households is made up of the above categories
of recycled materials, Less than one fifth of the purvey sample were
opposed to the source separations system, and less than one fourth reported
problems with source separation. More than half of the respondents
reporting problems were still in favor of the gystem,

Data are presented for energy and labor costs, hourly
requirements and combined requirements per ton, The results show that (1)
glass, newspaper, steel cans, and mixed paper achieved greater efficlency
than cardboard and aluminum based on labor wage rates and on comparative
weights; (2) glass and newspaper were more efficient to recover based on

tonnages to electrical rates; and (3) annual production was consistent with
both of the above indices.

coumunity enterprises, cust >nalysis, htousehold wastes, recycliog, resource
recovery, solid waste disposal, source separation, waste composition

535 Ullman, B.
Recycling in Israsel: The Potential of Secondary Resources. Israel
Institute of Technology. Technion City, Haifa, Israel, October, 1980. 30
pages. PN 06/111/80, References.

This working paper is part of a project series on "Mineral
Resources in Israel's Future.” Israel does not have the natural resources

to sustain its level of economic growth without some dependence on foreign
supplies.

Secondary resources are described as an essential material base
for many necessary consumer items. Nearly nine million tons of wastes were
generated in the country during 1980 with mineral, industrial, domestic and
agricultural sectors responsible for 45 percent, 10 percent, 13 percent and
32 percent, respectively. Only 19 percent of the industrial wastes are
recovered and the other sectors show lower rates.

The author presents data that show US$130 million may be saved in
imports by recycling. He believes that recycling will not happen on its
own and aivocates specific measures for promotion: {l1) removing

discriminating tax measures; (2) etringently enforcing envirommental




= 149 -

regulations; (3) encouraging product design for recyclability and
cdurability; (4) giving research allowances to industry involved in
recycling; (5) using pollution charges; (6) creating trade forums and
material exchanges; (7) developing source separation programs; and (8)
providing incentives for returnable goods,

glass, Israel, metals, paper, recycling, secondary materials recovery
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Environmental Aspects

601 Anderson, A.
Influence of Organic Fertilizezrs Cn the Solubility and Availability to
Plants of Beavy Metals in Soils, Department of Soil Sciences. Grundfor
Battring. Uppsala, Sweden, Volume 27, Number 4. Swedish University of
Agricultural Sciences. 1975/6.

Pages 159-164. References.

This document reports results of laboratory and field experiments
of organic fertilizers on the solubility and availability to plants of
heavy metals including: manganese, zinc, copper, nickel, cobalt, chromium,
lead, aluminum, mercury. Test plots reccived applications of compost
derived from solid waste and anaerobically digested cewage sludge and
manure,

It was found that orgsnic fertilizers added to soils under
certain circumstances may reduce the sclubllity and uptake in plants of
heavy metals, despite high levels of them. Effects seem to be particularly
strong in the case of lead.

Whether the solubfility and availability to plants are reduced or
not depends on chemical conditions affected by the organic matter of the
fertilizer and the total quantity of heavy metals.

composting, heavy metal uptake, ferxtilizers, testing methods

602

Regional Symposium on Solid Wastes, Santo. Boletin de la Oficina Sanitaria
Panamericana., Volume LXXIV, Number 5, Mayo 1978, Pan American Health
Organization. Washington, D.C., U.S.A. 1778. 250 pages. References.

This document is composed of papers discussing trends in solid
waste management written by technical experts and planners. Socloeconomic
and environmental health implications of solid waste management are
discussed. Technical descriptions of collection, processirg, incineration,
and sanitary landfill are discussed on a country and city basis, including
case studies. Composting, materials recovery, and energy recovery projects
are described. Institutional development and planning case studies are
presented.

Inadequate solid waste management practices are viewed as a
growing threat to public health and the environment. Adequately funded
collection and disposal services are a necessary development. Pretreatment
processes (compaction, shredding, incineration, transfer) are described as
suitable in combination with energy recovery and final disposal in sanitary
landfills. Energy recovery technologies (waterwall incineration, coal
substitute, pyrolysis and small modular incinerations) could only be used
after careful study because of them are still being developed, Composting
processes also must be carefully studied for success and failure rates.

Commercial recycling of source separated industrial wastes 1s
encouraged. Scavenging 18 discouraged due to its "high social cost.”
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Institutional development of local service agencies/corporations
must be a major focus of any planning effort. A program to establish a
national policy for solid waste management is presented.

solid waste managerent, Latin America, developing country

603

Sanitary Effects of Urben Garbage and Night Soil Composting in China
Compost Sclence, Rodale Press, Emaus, Pennaylvanla, U,S.A. Volume 18,
Number 2. March/April, 1977, Pages 22-24, (Reprinted from Chinese
Medical Journal., Volume 1, Number 6, November, 1975, Pages 407-412).

This report was prepared by the Department of Enviroumental
Health, Institute of Health, Chinese Academy of Medical Sciences,
Beljing ,People's Republic of China on the sanitary effects of
co-composting.

Co-composting is a simple method of garbage and night soil
digposal. To evaluate its sanitary effects, one has to choose certain
biological £factors characteristic of composting. On the basis of
practical observations and relevant data in the literature, the pile
temperature, fly breeding and destruction of ascaris eggs were taken as
important criteria for this evaluation, because they are representative and

specific and require relatively simple testing procedures.

Two types of compost plles were used iIn the experiment. One
compost pile consisted of 70 to 80 percent garbage and 20 to 30 percent
night soil (by weight) with adequate mixing. The mixture was heaped in
piles about 4 meters wide at the base, 2 meters wide at the top, 1.5 meters
high and about 4 meters long. After piling about 30 cm high, sets of
bamboo pu'!es were laid horizontally on the pile in this form at every 1.5
to 2 meters, each get connected at the center with a bamboo pole held
vertically., On completion, the pile was sealed with a 2 to 3 cm thick coat
of 40 percent soll and 50 percent ash mixed with water. The day after
piling, the bamboo poles were withdrawn, Jleaving flues for ventilation.
The other type of compost pile had no flues. Efght piles were obuerved,
the 4th, 5th and 8th with ventilation flues and the other five without.

High temperature fermentation was obtained when moisture countent
of the garbage and night soil mixture reached about 40 percent. Generally,
compost pile temperature rose to over 50°C after 5 to 7 days., Also, the
moisture content decreased gradually., On the 105th day, it dropped to 20
to 23 percent In all 8 compost piles. The directly available nitrogen
content and total nitrogen content of the 8 plles during composting showed
slight nitrogen loss in all piles during composting, probably because the
plles were small and unsheltered.

The coliform bacilli and ascaris eggs were effectively
destroyed. Maggots died rapidly at 50°C, Pupae survived and newly emerged
adult flies were seen around ventilation holes., Biolytic heat produced in
a8 given part of the compost pile often drove maggots to regions of lower
Cemperature to complete their life cycle.
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The newborn fliles, too feeble to fly at once, were easily
destroyed with a small amount of insecticide. Buried test samples
containing bacillus dysenterlae and baciliug typhli were destroyed in
laboratory conditions {uniform temperature in compost pile).

Garbage from the city of Beijing contained more ash and less
organic material exhibiting low moisture content and nutrients needed by
microorganisms. Since highly effective composting calls for proper control
of molsture content, pH, ventilation and C/N ratio, it was necessary to add
night soil to it. Experiments showed that a 40 percent molsture content
gave better results with predominantly ashy garbage.

A pile temperature of 50-55°C 1is sufficient to accelerate
putrefaction and ensure hyglenic safety. Experience provide pile
temperature can rise above 50°C, when basic. composting conditions are
strictly observed.

Activities centered on the extermination of pests and eradiction
of disease. Sanitary control and proper disposal of garbage and night soil
were among the basic measures taken to eliminate fly breeding.

organics, composting, health and safety, China

604

Selected Bibliographies and State of the Art Review for
Enviroumental Health. International Health Planning Reference Series 2,
PB80-18342, United States Department of Health, Education and Welfare.
Prepared by Plog, Inc. for U.S. AID, Washington, D.C., U.S.A. {(no date).
182 pages.

This combined literature review and aanotatad bibliography deals
with environmental factors in health planning for developing countries.
This is the second volume in a series of works known collectively as the
International Health Planning Reference Series.

The Series was produced by the Office of International Health as
requested by the Agency for International Development to provide AID
advisors and national health officials 1in developing countries with
critically needed references for 1Incorporating health planning into
national plans for economic development, :

The literature in the field of enviroumental health is massive.
For the purposes of this literature review and bibliography, the research
focused primarily on the areas of clean water supply, wastewater and
excreta disposal, treatment of disposal of solid wastes, and pest control
including the use of pesticides.

Additionally, environmental health hazards were 1included on
occupational health, radiation, air quality, food, sanitation, and housing
issues relating to environmental health.

health and safety, solid waste