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1.0 INTRODUCTION

This document 1s one of a geries of Technology Reference Notebooks
developed for the Renewahle Eneryy Fileld Test (REFT) Project sponsored by USAID
and the Government of Egypt. The series includes individual notebooks on the

following energy technologles:

- Active and Passive Solar - Photovoltaics
- Biomass - Solar Thermal
- Geothermal - Wind

The objective of this series 1is to provide the most current information on
renewable energy technologier in an easily updated and easily retrievable
format.

The Biomass Energy Technoloyy Ruference Notebook 1s intended to give a
detailed overview of all phases of bilomass cnergy development, from initial
resource assessments through project operation. Areas such as resource inventory
development, environmental lapact assessment, combustion system design, sewage
treatment plant design, microbiology, pathology, application designs, and
economic considerations are covered In sufflcient detall to allow the reader to
be “"conversant” fn these highly specialized fields. The notebook emphasizes
biomass energy systems which arc most appropriate i{n the Egyptian environment,
namely municipal solid waste incinerarfon and blogas production from sewage and
from animal wastes. The append{ces Include a Blomass Projects Site Visit Book,
providing information on specific projects that have been Iinstalled worldwide;
and extensive product literature obtained from manufacturers, suppliers, and

service companies in the Unlted States.
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2.0 OVERVIEW OF BIOMASS ENERGY

Biomass fuels represent a significant and diverse get of renewable energy
resources, many of which are presontly {n wvidespread use. 1In this introductory
chapter we will first present a broad overview of biomass energy options and

then focus on specific options likelv ro be viable in Egypt.

2.1 A BROAD OVERVIEW OF BIOMASS ENERGY OPTLIONS

Bliomass fuels provide aluost 15 percent of the energy used worldwide,
mostly through the direct combustion of wood. Half the people 1in the world
today are using bilomass to mect 90 percent of their energy needs for cooking
and heating. The Egyptian rural population depends upon bilo~fuels to meet 50
percent of 1ts energy needs. 1In the U.5., biomass supplles almost as much
energy as nuclear reactors or hydroelectric plants.

Biomass Is organic matter derived from plants and animals. There is no
single biomass energy technology, but a number of biomass production techniques
and conversion technologies that are {aterrelated in various combinaticns.
Biowmass resources include wastes and by-products from industrial and agricultural
Frocesses, plus biomass producnd specifically for conversion to energy. The
regource base includes: (1) municipal solid wastes and sewage, (2) residues
and wastes from agricultural, foresiry and livestock operations; (3) by-preducts
from the food processing industry; (4) grains and sugar crops; and (5) woody,
herbaceous and aquatic crops gruwn specifically for conversion to energy.

Biomass can be converted to solid, liquid and gaseous fuels through
thermochemical, biochemical and extractive processes. The resulting energy
products can be used by resldent{al, commercial and industrial consumers for
heat, power and fuel; by urilitles for electriclty productfon; and the chemical

industry for petrochemical substitutes. Exhibit 2.1 illustrates the biomass
y p

energy production path.
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EXHIBIT 2.1: CYCLE OF BIOMASS ENERGY PRODUCTION
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2.1.1 Thermochemical Conversion

Thermochemical converslon processes uge heat to convert bilomass to fuels
and energy. There are four thermochemlical conversion processes. Direct combis—
tion produces heat which, in turn, can produce steam for use In industrial
procesges or electricity generatfon. Gasification ylelds low-, medium- and
high-heat content gas which can he usged directly as fuel. Medium-heat content
gas can also be refined into a natural gas substitute, methaunol (wood alcohol)
and ammonia. Direct liquefaction converts biomass into crude ofl. And lastly,

pyrolysis ylelds gases, olls and solld char.

2.1.1.1 Direct Combustion

Traditionally, biomass has been burned in open fire stoves in villagss.
This 1is thermally finefficient (£ 10%), although design improvements can double
the efficiencies of cooking stoves.

Many larger scale direct combustion applications exist in which agricul-
tural residues or municipal wastes are used as feedstocks for incinerator/steam
turblue systems to produce steam or electricity. Both large and small scale
direct combustlon projects utilize mature technologies to produce thermal energy

for a variety of applications (sce Exhibic 2.2).

2.1.1.2 Gasification

Gasification of biomass ig accomplished by heating the material 1in an
oOxygen-starved contalner and extracting combustible gas for use as fuel. A
successful gasification operation requlres properly censtructed hardware, a
feedstock whose characteristics are well-established and careful and constant
process monitoring and control. The gas fs typleally a mixture of methane,
hydrogen and carbon monoxide. 1t has 10% ro 207 of the heating value of natural
gas; thus 1t 18 best used at or ncar the s{te of production to supply process

heat and steam to generate electric power.



2.1.1.3 Pyrolysis/Direct Liquefaction

Pyrolysis is the chemical decompositiun of organic material, at high
temperatures, in the absence of oxypen. Products from the pyrolysis of wood
and agricultural residues are light oils, gases and charcoal. The slow heating
of blomass, characteristics of conventional pyrolysis, typically yields these
three products fa equal amounts. Raptd heatlag, called "fast” or "flash”
pyrolysis, substantially fncreases the quantities of the higher-valued light
0oils and gases. Direct liquefacclon s a related process which, Iin a broad
sense, Includes any thermochemical conversion proceas that produces liquid
produzts {(crude oil) from biomass feedstocks without going through a separate,

intermediate gas phase.

2.1.2 Biochemical Conversion

Blochemical conversion processes involve the controlled decounpos{tion of
bilomass by microorganisms. There are two blochemical conversion processes that
have been examined extensively for fuel production. Anacrobic (oxygen-free)
digestion vields hiogas, a mixture of methane and carbon dloxide. Fermentation
by suitable microorganisms in an anaecrobic environment results in the production

of ethanol.

2.1.2.1 Anaerobic Digestion

Biochemical conversioun processes utilize microorganisms which break down
biomass feedstocks into simpler compounds, giving off eunzrgy Iin the process.
Anaerobic digestion and fermentatfon are two microbial degradation processes
used for the production of blo-fuels.

Anaerobic digestion provides an energy-efficient method for converting
very wet blomass resour:rs such as municipal sewage and animal manure. Exhibit
2.3 lists the character{stics of geveral anaerobic digester systems. Gaseous

energy products readily separate from the liquid component and relatively
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ungophisticated technologles are required for collecting the gas. In an
anaerobic digester (esgentlally an enclosed gas—tight tank containing an aqueous
slurry of bilomass material), the ahsence of oxygen, and temperatures between
35°C and 60°C, favor bacteria which decampose rhe feed into biogas consisting

of 50%Z-70% methane, with most of t)e remainder as carbon dioxide.

The blogas formation rate depends on the feedstock retention time, pH,
temperature, and the nature of the subscrate. Cellulosic materials, such as crop
residues and municipal sclid waste, produce blogas nmuch more slowly than sewage
sludge and animal manure. Various aquatlc plants and wet food processing
waste, such as thoge from cheese and frult processing, are well sulted for
digestiorn.

Anaerobic digestion involves a number of different bacteria and the exac:
blochemical processes and relaticnships are not yet fully understood. The
baslc anaeroblc digestion reactions are as follows: (1) decomposition (hydro-
lysis) of plant and animal matter fnco useiable slze molecules, such as gugar;
(2) conversion of the decomposed matter to organic aclds; and (3) conversion of
the acids to methane. At least two different types of bacteria are involved.
The methane~forming bacteria (methanogens) involved in step (3) above are
especially sensitive to changes 1in temperature, pl, or the presence of toxins.
The necessary bacteria may be preseat in the feedstock (as with cattle manure)
or they may be introduced into the reactor upon atart—up. Bilogas production
begins within a few days aithough complete stabllization may take months.

The energy conversion efffciency In digesters is typically about 50 percent,
with the remaining energy used {n haczrerial cell growth and respiration and
heat loss. An overall thermal/bicchenical conversion efflciency of 30 percent
18 obtained if the biogas ‘s then burn.d in appropriately designed burners.

Bilogas production 15 a relatlvely stralghtforwvard techrnology and numerous

possible digester desipns are avallable. Selection of a specific design is
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EXHIBIT 2.

3 QIARACTERISTICS oF ANAEROBIC DIGESTER SYSTEMS
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Chinese Design of a Bingas Plant
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and soll conditioners

EXHIBIT 2.5 ANNEAL BTOMASS RESQURCES IN EGYPT

gggntiginpﬂkﬂfy"quiﬁy_fpg Hdﬂrgyl— Caonversion Net Encrgy
Hellfoed as Content Etficiency Outht 2
Resources Potenrial o knergyx IOE?J Z 1071L~k
Agricultural 20x106 104100 200 8 16
Residues
Antmal Excreta 3x106 1.5x100 17 8 1.4
Animal Power 96 10 10
Municipal Refuse 2x106 - 27 -
Sewage Sludge 250x106 - 29 -

* The rest is used as animal fodder and organlc fertilizer.

l = Supply; 2 = End Use

while also providing energy. This asiet is cextremely important in this region
of decreasing agricultural productivity. The present deficit in farm

yard manure wanted far fercilizer compared to that which is available

1s more than 80 nillion tons per year.  The use of agricultural resfdues

for anaerobic digestion ts feastble rhen, {f combined with an active soll
conservation effortv. The comblned cinergy value of agricultural residues and
animal wastes in Egypt 15 cstimated at 217x1015 7 annually,

Municipal wastes are a resource that is not only signi{ficant in size but
significant as a highly visible public problem. The waste collection and
disposal infrastructure in most of tpypt's urban areas is not keeping up with
the increasing quantities of waste betne penerated. This resource can be

considercd highly available.

o
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2.2.2 Market Readiness

Crop residues currently supply approximately one-third of the total energy
consumed In Egypt. Animal wastes provide about 8 percent of the energy consumed
in cooking applications. The potential energy market 1in Egypt consists of some
4,000 rural farm communities, encoupassing about one-half of the population.
Digesters can ofter be adapted to epecific condltions and end uses and implemanced
using locally avaflable materials aud labor.  Although much of the current
energy market {nvolves large scale operations, there 1s considerable interest
in efficient, small scale systems and there have been technical breakthroughs
In the development of low-cost digesters In countries as diverse as China,
Tanzania and the U.S. A currently untapped market for large scale anaerobic
digester systems that utilize munfcf{pal sewage also exists,

According to the Egyptian Hatrlonal strategy, an attempt will be made to
establish 400,000 digestion unfts by the year 2000, Including 25,000 large-
scale units. Tt is estimated that 6 percent of the total rural energy nceds
and a significant portifon of fertilizer requirements can be met with this
program.

Approximately 15 million Ilters of ethyl alzohol are produced annually
in the sugar industry in Egypr by Industirfal fermentation of molasses.,

However, most of this {g not uti{liz-1! a5 fuel.

A market for energy generation from municipal wastes exists in Egypt,

not ounly becanse there 1s a need ror additional electricity generating capacity,

but also there {s a need - an fuprerat!ive - to solve urban waste dispnsal problems.

2.2.3 Fconomic Vinbiligl
Siace transporting anfmal and agriculture wastes long distances ig very

costly, the most economic use of dlgesters fnvolves on-farm systems using local

wasted in a beneficial manner.



On the average, 15 percent of the energy produced by an anaerobic digester
1s used to heat the waste entering the system and for the other operating
requirements, e.g., pumping. The rerainder of the gas {s surplus enecrgy.

Removal of the carbon dioxide and sale of the methane gas to natural gas plpelines
13 not feasible in small operations becaunse: (1) gas pipelines are often not
readily accessible, (2) the cos® of carbon dioxide removal equipment is high,

and (3) revenues from gas sales woull probably be relatively low. In very

large systems, production of plpeline qualtty gas may be feasibhle.

In most on-farm systems, dlgester energy output fs sufficlent to meet the
energy needs of livestock operation aud, In about 50 percent of the cases, also meet
the farmers' home energy needs and possibly allow for a small net export of
electricity. The most economfcally attractive operations are relatively large
poultry, dalry, beef or swine operitions (enabling economy of scale) which are
relatively energy intensive (enabling the displacement of large quantities of
energy bought at retail prices with rhe preduction of bifogas from large locally
available quantites of manure).

Production of electricity from small, family-size digester units Ls rarely
cost-effective. Larger svstems (n the 10 to 100 kW range may be able to produce
elactric power economfcally in rhe case of larger city/village-size systems.

These larger systems can also save land which can then be used for productive
purposes. The product gas can also he used ro meet neating and cooking needs
of the city or village.

Besldes the potentiul for ccaonom!o production of fuel and electricity,
digestion produces an effluent which can be used as a soil conditioner, fertilizer
or animal feed. 1In facr, the dfoested marertal has a higher value as fertilizer
than the equivalent amount of farn card amare. Alse, nutrients which would bo
lost {f the biomass were direetly Lurued are recyecled to the land. Furthermore,

there are gocial benefits which should be considered in determining ccononic viabilicy.

2-13


http:econo:m.'ic.lv

EXHIBIT 2.6

ESTIMATED BIOMASS ENERCY AND
CONTEMPORARY REFERENCE COSTS

Country Product Cost (5/GJ)
Brazil (1977) Ethanol 16.1
Casoline 12.3
Australia (1975) Ethanol 16.7
Ethanol (industrial) 18.4
Canada Methanol (Wood) 4.2 - 9.7
New Zealand Blogas 3.5 - 5.6
Natural Gas (prod) 1.1
Coal Gas (prod) 6.3
Upper Volta Fuelwood (plantation) 25
Kerosene 36
Butane 31
Tanzania Blopas 3.3
Electricity 31.4
USA Methanol 8.0 - 15.1
Ethanol 14.2 - 34.1
Mediur Btu Gas 4.5 - 7
S.N.G. 4.5 - 6.9
Ammonia 5.5 -10.8
Fuel 011 3.4 - 7.5
Electricity 8.3 - 38.9
Approximate Reference Costs:
S.N.G. 2.8 - 4.7
Fuel 011 2.8
Ethanol 19
Medium Btu Gas 2.8 - 4.7
Flectricicy 8.3 - lo6.6
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These inlcude lmproved health and hyglene which can result from the anaeroble
digestion of manure and sewiage.

Conaide.ed solely asn a thermal or electrical energy source, a municipal
solid waste irc . nerator will only have borderline economic feasibility, costing
mor: to build rar KW of power capacity thon traditlonal fosail-fuel or nuclear
power plants. ‘tiowever, when one algo conslders an encrgy recovery plant's
value fa reducing the quantity and noxiousness of muntcipal waste requiring
disposal, the economics of the project usually hecome extremely attractive.
Exhibit 2.6 presents cost compar{sons hetveen selected blo-fuels and conventional

fuels 1n various countries.

2.2.4 Indust.y Stutus

The industry varies greatly, worldwide, as patterns of use vary widely.
Some countries have technical enpertise in virtually every aspect of blomass
productlon and converuslon to encrey.  Useage In developing countries consglists
largely of gatherirg wood by hand for cooklng and heating applications. 1t iy
estimated that aboat 1 bi{llion people 50011 do not have adequate supplies of
fuelwoed, which prevents many small businesses and industries in developing

countries from utilizing more efficiont blomass energy technologies.

2.2.4.1 Methane from Sevape Sludge

Anaerobic digestion has boon used as a means of aterilizing and stabilizing
sewage sludge for almost n century. Many large scale digestors have been in
nearly countinuous operation for perlods of fifty years and more, and the design
of sophisticated continuous-feed digestor systems 1s now a part of standard
environmental englineering practice,

Unt!il recently the methane gas generated hy anaeroble digestion was
often simply burned off {n the open aiv.  Sfnce the fuel price facreases of 1973

it has become more common to utilize :hls gas for space and process heating at


http:Conside.ed

the sewage treatment plant, and, in some cases, to scrub and compress the gas
for sale to distributors of natural gay. This blogasg technology 1is well-established
as a meauns of atabilizing sevage sladee and can he expected to be uged whenever

O
anaerobic digestion (s clearly fndicate] over alternative stabflization processcs
ircluding aerobic digestion, heat treatment or chemical treatment.

As Egypt bullds 1ts civil fntrastructure, Including sewage collection
systems and gewage treatment plants, ft can Incorporate sewage blogas utilizat{an

as a staniard feature of this congponent of {ts physical development. This will

require only a marginal additfonal Iavestsent in these facilities.

2.2.4.2 Methane from Animal Hanure

On farm arnaerobic digescers  are rapidly woving out of the laboratory
and into the marketplace. The anaeroble digestion process 1s well known and it
Is often used In waste water treatment plants to stabhilize sludge. Private
fector prospects are also fmproving becuuse of new reactor designs. 1t is
predicted that, {n the next Ffou Years, comaerctally competlitive digesters will
be available for use on farms and feedlots, Lo food processing plants, in pulp
and paper mills, and {n chemical manufactuaring plants. Ar present, most systems
digest manures. However, custom=des {yned digescion systems ranging from small
to larpe scale are also commercially svaflable for handling agricultural wastes,
sewage and food processing wastes come ot these systens are comblned with
organic composting systems. China bas demonsrtrated the use of village-size
units with millions of units reportedly {n place.

Renaining problems in the comaetcial development of anaerobic digesters
are the lack of long=term, detatled and rellable economic and operating data for
use in eritizal analyses and digester design, along with the low conversion
efficlencies often associated vith the process.  There are, however, existing

plants that are far more effictent In terms of blogas production rates than those
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often found in the developing countries.

2.2.4.3 Energy from Munlcipal Waste
Municipal solid waste (MSW) can be used to generate useful enegy in a
variety of ways. Certain processes, sucli as combustion to produce steam or

electricity, have a long record of successful use In hoth the United States and

Europe. Anaeroblc digestfon of M54 is sttll fn the regearch and development phase

Tapping of landfill gas and refuse~derived fuel producrion are innovations thar
only receatly have achieved widespread commercial acceptance. The use of MSW
{n direct combustion "mass-burn” systems (s likely to be appropriacte in Egypt
just as {t {8 elsewhere in the world.

In fts lavger, older citlies, Egvpt's traditional garbage collectors and
scavengers can no longer dispose of waste as quickly as {t 1s generated.
Unscavenged wvaste piles up in the streets and new means of garbage collectlon
and disposal are being sought. Ia new, planned clities, there is an expressed
desire to build this Infrastracture vith the city so that it keeps pace with
the clty's garbage disposal needs. The use of MSW for fuel may provide part of

the solution to Egypt's urban garbage disposal problems in addition to providing

a reliable source of energy for these clties.



3.0 METHANE FROM SEWAGE SLUDGE

Sewage treatment plants generate substantial amounts of organic sludge
during both primary and secondary treatment of l{quld wastes. Anaerobic
digestion has been used as a means of sterilizing and stabilizing this sewage
sludéc foc almost & century. Manvy larpe scale digesters have been in nearly
countinuous operation for periods of tifty vears and more, and the design of
sophisticated, continuous-feed digester svetems is now a part of standard
environmental enpgineering practice.

Until recently, the methane pas generated by anaerobic digestion was
often simply burned {nto the atmosphere wlth no heat recovery. Since the fuel
price fncreases of 1973 1t has become more common to utilize this gas for space
and process heating at the sewape treatinent plant, and, {n some cases, to scrub
and compress the gas for sale to local distributors of natural fas.

As Egvpt bullds Its civil fnfrastructure, including sewape collection
s¥stems and sewage treatment plants, 1t can incorporate sewvage blogas utilization
as a standard feature of this component of 1ts physical development. This will
require only a marginal additfonal investment In these facilities.

This chapter beglns with a brier description of the sewage treatment
process and auneroblic digestion. Tt then covers system options, system design
considerations, economic analysis, environwmental impacts, speclal considerations

In the Egvptian environment and curreant R&D thrusts.

3.1 SEWAGE TREATMENT PROCESS OVERVIEW

There are currently a great varfetv of approaches to the treatment of
sewage. The apecifi. combination of jprocesses specified for a given treatment
plant depend on a number of parameters: the composition and characteristics of
the raw sewage, the means of disposluy of the Iiquid effluent and the solid

s§ludge, climitic considerations and budgeting constraints.
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Most wastewater treatment plants undertake, at a minimum, initial screening
and grit removal, followed by primary asedlmentatlon or settling (See Exhibit 3.1).
This prlmary stage removes the larger suspended and settleable golids from the
wagte astream and produces a primary effiuent and a primary sludge. The primary
effluent often undergoes secondary treatment. This may Involve a process as
simple as disposal via direct appllcation to land for efther surface or subsur-
face percolation. However, quite ofgen it will take the form of biological
treatment, In which bacteria (and othoer mlcrobes) metabolize the organlc compo-
nents of the effluent and then settle out of the waste stream to form an acti-—
vated sludge, leaving a cleaner sccondary effluent. The secondary biological
treatment process usually invoives 3 steps: aeration (bubbling air through the
effluent) to encourage bacterial growth, {loceulatioa (making soltids gather
together) to cause waste particles to aggrepate, and sedimentation (settling of

wastes). The secondary effluent can undergo tertiary treatment, which is often

a chemical disinfection process such as chlorination.

3.1.1 Sludpge Treatment

Whether the raw sewage undergoes primary, secondary or tertiary treatment,
sludges are preduced and must be disposed of.

3.1.1.1 Slud e Characterization

Primary Siudge - Most wastewater treatment plants use primary sedimentation
to remove readily settleable sollds from raw wastewater. 1In a typical plant
with primary sedimentation aund a conveuntional activated sludge process for
secondary treatment, the dry weight of primary sludge solids is roughly
50 percent of that for the total 6ludge solids. For several reasons, primary
sludge 1s usually easier to manage than biological and chemical sludges. First,

primary sludge is readily thickened hy gravivy, either within a primary sedi-
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Elemental Analysis of Various Sludges - As & rule, almost any element
can be found in sludge. This paragraph describes trace elemente 1in all types
of sludge. 1Tt 1is a basic princtple of chemistry rthat elements are not created
or destroyed but chemically recomhined. Therefore, the mass of each element
entering a treatment plent fixes the mass that efther accumulates within the
plant or leaves it. The mass leaving the plant does so in gageous emissions,
effluent, a spectfal concentrated stream, or sludge. Extracting toxlic elements
from sludge appears te be lmpractical; source control Ig the most practica way
to reduce these toxlcants.

Trace elements are present in industrial process waste, industrial waste
spllls, domesti{c water supply, feces and urine, and detergents. Additional
trace elements are derived from:

0 Chemicals in photographlec solutions, paints, hobby plating supplies,
dyes, and pesticides uscd in households and commercial enterprises.

o Storm inflow (thls iy particularly true for lead from gasoline antt-
knock compounds).

o Corrosion of water piping, wnich contributes zine, cadmium, copper,
and lead.

0 Chemicals used in wastewater treatment, sludge conditioning, etc.

Occasionally, elements can be converted from a highly toxic form to a
less toxic form in wastewater treatment.  Chiomfum 13 a good example of this.
In its initial form, 1t is highly toxier, but may be converted to a less toxic
form in secondarv treatment.

The elemental compositions of various sludges differ from one another.
If sludges are to be reaused, they should be analyzed for a number of elements.
The importance of site-specific analysis of sludges varies wlith the sgize of the
project, regulatory requirements, {adustrial activity, and the type of reuse

desired.
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3.1.1.3 Stabilization

The principal purposes of stabi{lizat{ion are to make the trearaed 6ludge
less odorous and putresgciple (tendcncy to decay) and to reduce the pathogenic
organism content. Some procedures used ro dccompliish thege objectives can also
result in other basic changes fn the sludge.  The selection of g certaln methuod
hinges primarily on the final disposal procedura planned. 1f the sludpe 15 to
be dewatered and 1ncjnerated, {ruqunnrly no stahilizarci{on procedure g emploved,
Most stabilization me thods particolarly anaerob!c and aerabie dlgestinn,
result in a substantial decrease {3 rhoe amount of guspended sludge solids.

Four processes that have rhe Primary function of sludge stab{lization
will be discussed. Thuse processes ap. anacrobi{c digestion, aerobic digestion,
lime stabilizatlion, and chlorine oxldation.  Bornh anaeroblc and aerobic digestion
are currently incrensing in popularfty. The former 1y receiving revived attention
for geveral reasons.  The production of acthane In anacrobie digestion fj
attractive In view of energy shortapges, and anaeroblcally digested sludges are
highly suftable for disposal on Land. Interest g aervifc digesti{on of excess
activated sludge 15 growing because {r hag the potentia for providing a geood
quality liquid process stream and can produce exothermic reaction conditons. 4
@major impetus for processes guch ag nacrobic and aecrobie digestion and lime
treatment {g the growing emphasis on utilfzation of sludge rather than mere
disposal. Chlorine oxidation {5 of limited uge for special situations or where
septic tank wastes are involved.

Several other 8ludge treatment pProcesses provide varying dearees of
stabilization, although this {s nor thelr prine’pal function. Composting is
practiced in geveral Unfited Setate cltles and (g bedng actlvely Investigated
for othersy. Jlear treatment hag hoop fnstalled in several new Un{ted States

plants to improve the 2conomicyg of shadpe condf tioning and dewatering. Some
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Processes yge( to disinfucr sludge, such as heat drying and pasteurtzation,
also proviie limited stabill. it1gp,

Selection of the optiaung Stabllizat{iop method for Ny treatment and
dispogyl Eystem Fecuires 44 fn-depen understnnding of the method ang {ts
limifations. The des{gner BUSL Tecnpnige thege limltatlonﬁ and dccommodate
them 1in the deslgn of the subsequent Processing 4,4 digpogal Eteps.

Following stnbilixution, sludges may underpq 8rveral types of final
treatmang 8teps, Dtsinfucrfon, which {g the destruction or innctivntion of
Pathogenic organisms 1n . Sludge ) cap be carrieqg OUL to minimize public health
dangersg, The Sludge cun alsn ha conditioned blologicnlly, chemicnlly and/or
physically to enhance WALCY remoyg o, DuwaLuring ¢an be done g dramactcally
reduce the voluma of §ludee ¢ be disposed of, Drying makes the sludge easy to
handle, The sludge of ten mugy b transported and stored prior to ultimace
disposgal. Pispogal Lteelf cap be boneficial, as whep sludge g utilized for

8011 improvement, landfig Loppings, or 45 a source heat ang work.

3.1.2 Anaerobi e Digesting
= lgestion

26 Sevace Sludge

Anaerob{c digestion 15 tha biological degradation of complex organic
Subsitanceg in the absence of free OXygen, During these Feactions, €nergy {g
Feleased ang much of ¢the organ{e mque; is converted tq methane, carbon dioxide,
and wacer, Since l{cttle carbon gr ENergy remgin available tqo Sustain further
biological activity, the vremalngng f0lids are rendered Stable,

3.1.2.1 History and Curreng Statug

Anaerobic digestion is dameng rhe oldest forms of biological wastewater
treatment, It wag first ugey I century 480 to redyce both the quantity gnq
odor of Bewage sludges, Originul!y, anacrob{e digestiop wWas carriead out fn the

8ame tank g4 sedlmentntlon, but the two-story tanks developed in Englang by

Travig ang in Germany by Imhory hepan g trend toward Separating the two Processes.
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Separate sludge digestion tanks cane Into use in the first decades of this
centry. At first, these were little mare than simple holding tanks, bur they
provided the opportunity tn contro! environmental conditions during anaerobic
digest{on and thereby fwprove process performance. With the development of
digester heating and, subsequently, wizing, anacrobic digestfon became the most
coumon method of stcabllizing Slud,e,

As both industrial waste loads and the general degree of wastewater
treatment increased, the sludges gencrated by treatment plants becane more
varied and complex. Digester systems rafled because thelr design and operation
were empiricaily developed undor sfmpler conditions. Ag a tesult, anaerobic
sludge digestior fell fnto disfavor. Howvever, interest {n anaerobic digestion
of dilute wastes stimulated a new wav. ol research into the process. This has
led to significant lmprovements {n hoth rellability and performance of anaerobic
digesterg.

Currently, sludge stabilization by anaerobic digestion is used extensively,
A 1977 survey ot 93 municipal wvastewator treatment plants in the United States
found that 73 used anaerobic digestion ro stablilize and reduce the volume of
sludge. Because of emphas{s on energy - nservatlon and recovery, and environ-
mental pressure to use wastewatoer sladpes on land, it is expected that anaerobic
digestion will continue to play a major role in municipai sludge processing.

3.1.2.2 Applicabilicy

A wide variety of sludges from muinicipal wastewater treatment plants can
be stabilized through anaeroblc digestion. Solids-liaufld separation of digested
primary sludge is downgraded by even small additions of biological sludge,
particularly activated sludpe.  Althoupgh mixtures of primary and bilological
sludge will break down react by under anueroble conditians, the net rate of the

reactior is slowed slightly. Experfence wlth full-scale anaerobic digestion of









In the first phase of digesticn, facultative bacteria convert complex
organic substrates to short-chain orpgunie aclds--primarily acetic, proplonic,
and lactic acids. These volatile oreanie aclds tend to reduce the pH, although
alkaline buffering materlals are also present.  Organlc matter {s converted
into a form suitable for hreakdoun by the second group of bacteria.

In the second phase, strictly anaeroble bacteria (called methanogens),
convert the volatile acids to morhane (CHL), ca Ton dioxide (COn), and other
trace gases. There are sceveral groups of methanogenic bacteria, each with
speclfic substrate requirements, that work {n concert to reduce complex wastes
such as sewage sludge.

When an anacrobic digester (s vorking properly, the two phases of degrada-
tion are in dynamic equilibrium; that {5, the volatile organic acids are convertad
to methanes at the same rate that they are formed from the more complex organic
molecules.  As a result, volattle acld levels are low in a working digester.
However, methane formevs are fnherently slow-growing, with doubling times
measured in days. 1In addition, weihanegenice bacteria can be adversely affected
by even gmall fluctuatfons in pli, substrate concentrations, and temperature.

In cont.ast, the actd formers can functlon over a wide range of environmental
con'fttions, and have doubling times normally measured Iin hours. As a resulr,
when an aneraobic digester {5 stregsed by shock loads, temperature fluctuations,
or an inhibitory (toxic, material, wethane bacteria activity heglas to lag
behind that of the ac:d formers. hen thig happens, organic aclds cannot be
converted to methane as rapldly aas they form. Once the balance 1is upscet,
{ntermediate organic acids accumlate and the pH.drops. As a reéult, the methan-
ogens are further inhibited, and the process eventually fails unless corrective
action is taken.

The anaerobic process 1ig esacntially controlled by the methane bacterla

because of their slow growth rate and gensitivity to environmental change.
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Therefore, all successful desfgns mu:t be based around the special limiting

characteristics of these wicroorganisms.

3.2 SYSTEM OPTIONS
- Experimentation over the years has ylelded four basic variations in
anaerobic sludge digestion: low-rate digestion, high-rate digestion, anaeroble
contact, and phase separation.
High-rate digestion fg obvlously an {mprovement over low-rate digestion,
and lcts features have been {ncorporated into standard practice. The anaeroble
contact process and phase separation, vhlile offering some specific benefits,

have not becn used for gludge digestion In full-scale facilities.

3.2.1 Low-Rate Digestion

The simplest and oldest type of anaeroblec sludge stabtilization process
is low-rate digestion. The bagic featurcs of this process layout are shown on
Exhibit 3.3, Essentially, a lou-rate dfgester 1s a large storage tank. With the
possible execption of heating, no attempt 1s made to accelerate the process
by coatrolling the environment. Raw sludge 1s fed into the tank intermittently.
Bubbles of sludge gas are generared soon after sludge i{s fed to the digester,
and their rise to the surface provides the enly mixing. As a result, the contents
of the tank stratify, forming throc distiuct zones: a floatling layer of
scum, a middle level of supernatant, and a lower zone of sludge. Essentially,
all decomposition 1s restricted to the lower zone. Stablllized sludge, which
accumulaters and thickens at the bottom of the tank, 1g periodically drawn off
from the center of the floor. Supernatant Is removed from the side of the tank
and r.cycled back to the treatmear plant. Sludge gas collects above the liquid

surface and 18 drawn off through the cover.
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LOW RATE ANAERGBTIC DIGESTION SYSTEM

Sourcae: EPA, 1979

J.2.2 High-Rate Digebtion

In the 19505, Tesearch yugq direeteq towargd improving anaerobhi, digestiog,
Various Studieg documcnted the valye of heating, guxiliary mixing, thickening
the ray sludge, and unifopry feudlng. Thoge four features, the €8sentiag] elementy
of high-rate digestion ACL togain,., Lo create 4 Steady ang unifornm environmnnt,
the bege cond{tiong for the blu’nvlcul Procesg, The net resule 1g4 that volune
Fequiremeneg are reduced and progagy ntdhllity 1s e€nhanceq. Exhibir 3.4 ghoys

the bagie layoutr of thig Procegy .
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Source: EPA, 1979

3.2.2.1 Heating

The contents of a high-rate digester are heated and consistently maintained
to within 1°C of design temperature. leating 1s beneficial hecauge the rate
of microbial growth and, therefore, the rate of digestion, increases with
temperature. Anaerobic organisms, partfcularly methanogens, are easlly in“tbited
by even small changes in temperature. Therefore, close control of the Cemperature
in a digester helps maintain the mlcrobial balance and improves the digestion

process.

Methane production has been reported at temperatures ranging from 0 to as

high as 60°C. Most commonly, high-rate digesters are operated between 30 and
38°C. The organisms that grow in this temperature range are called mesophilic.
Another group of mlcroorangisms, rhe lhermophilic bacteria, grow at temperatures

3-16


http:0.10-C.50

between 50 and 60°C. Thermophilic anacrobie digestion has been studied since
the 1930s, both at laboratory and plant scale. 1In gencral, the advantages
claimed for thermophilic over mesophilic digestion are: faster reaction rates
that permit lower detention times, improved dewatering of the digested sludge,
and increased destruction of pathogens.

Disadvantages of thermophilfc digesrion {include iigher energy requirements
for heating; lower quallty Supernatant, containing larger quantities of dissalved
materials; and poorer process stabflfry. Thermophilic organisms are particularly

sensitive to temperature fluctuation.

3.2.2.2 Auxiliary dixing
Sludge in high~rate digesters is mixed continuously to create a homogeneous
environment throughout the reactor. When stratiflication is prevented, the
entire digester Is available for actlve decomposition, thereby increasing
the effective detentlon time. Furthermeore, wixing quickly brings the raw
sludge into contact with the microoganisms and evenly distributes metabolic

waste products and toxic substances.

3.2.2.3 Pre-thickening

By thickening raw sludge before digestion one can achieve stabilization
equivalent to digestion without thickening In one quarter of the digestive
volume. Also, heating requirements can be considerably reduced by prethicken-
ing, since smaller volumes of raw sludge enter the digesters.

There 1is, however, a pofut beyond which further thickening of feed sludge
has a detrimental effect on digestion. Two problems can result from over-
concentration of feed sludge.

1. Good mixing becomes difficult to maintain. The solids concentratfon

in the digester affects the viscosity, which, in turn, affects

mixing. Feed solids concentrations may reach elght to nine percent
before mixing iy Ltupairved.
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2. Chemical concentrations -~an reach levels that can inhibit microbial

activity. A highly thickined fead sludge means trat the contents of
the digester will be very concentrated. Compounds entering the
digester, such as salts and heavy metals, and end products of diges~
tion, such as volatile actds and ammonlum salts, may reach concentra-
tions toxic to the bacterfa in the dlgester.

- 3.2.2.4 Uniform Feeding
Feed 1s introduced inta a high-rate digester at frequent intervals to help
maintain constant conditions tn the reactor. 1In the past, many digesters were
fed only once a day or less. These slug loadings placed an unnecessary stress
on the bilological system and destabilized the pProcess. Although continuous
feeding 18 ideal, 1t is acceptable to charge a digester intermittently, as long

as this is done frequently (for example, every two hours).
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Exhibit 3.5
TWO-STAGE, HIGH RATE ANAEROBIC DIGESTER SYSTEM

Source: EPA, 1979

3.2.2.5 Two-Stage Digestion
Frequently, a high-rate digester is coupled in series with a second digestion
tank see Exhibit 3.5. Traditionally, this secondary digester 1s similar in design

to the primary digester, except that 1t 1s neither heated nor mixed. Its maln
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function 1s to allow gravity concen:ration of digested sludge s0lids and decanting
of supernatant liquor. This reduces the volume of the sludge requiring further
processing and disposal. Very little solidg reduction and gas production takes
place in the seccond stage.

- Unfortunately, many secondary dligesters have performed poorly as thickeners,
producing dilute sludge and a high strength supernatant. The basic cause of
the problem is that, in most case, anaerobically digested sludges do not settle
readily.

A secondary digester may successfully serve the following functions:

o Thickening digested QE}mﬂ£x_sludgeL

o Providing standhy dipgqygngﬂpqcigl. Lf the secondary digester 1s

equipped with adequate heatfing, mixtng, and intake piping.

o Storing digested sludye. A gecondary digester fitting with a floating
cover can provide storave tor sludpe.

o Assuring against short-clireulting of raw sludges through digestion.
This may be important for odor control if digested gludge {3 transferred
Lo open basins or lagoouns. It also provides a margin of safety
for pathogen reduction.

Exuibit 3 .6
ANAEROBIC CONTACT PROCESS

Source: EPA, 1979

3.2.3 Anaerobic Contact Process

The anaerobic contact process is the anaerobic equivalent of the activated

sludge process. As ghown on Exhibit 3.6, the unique feature of this varation
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is that a portion of the active blomass leaving the digester 1s concentrated
and then mixed with the raw sludge fee'. This recycling allows for adequate
cell retention to meet kinetic requirements whlle operating at a significantly
reduced hydraulic detention time.

_ Positive solids-liquid sepacration 1s essential to the operation of the
angerobic contact process. To galin any of the benefits from recycling, the
return stream must be more concentrzted rthan the contents of the digester. The
difflculties in thickening anacrobically digested sludge have been discussed
above. Vacuum degasifiers have been used in anaerobic contact svstems to
reduce the buoyancy effect of euntrappeld gas, thereby improving cell settling.

The anaerobic contact process has found application in the treatment
of high strength Industrial wastes, aund It also has been operated successfully
at a laboratory scale to stabllize primary slndge. Nevertheless, thi{s systenm
configuration 1s rarely consld red in minfcipal anaeroblc sludge digestion

because of the difficulty in achieving the necessary concentration within the

return stream.

3.2.4 Phase Separation

As discussed in Section 3.1.3, anaerobic digestion involves two general
phases: acid formation and methane production. In the three preceding anaerobic
digestion processes, both phases take place In n single reactor. The potential

benefits of dividing these two phases into separate tanks were discussed as early

as 1958.
Subsequent research has shown that two-phase digestion 13 feasible for the

treatment of gewage sludges. Exhibit 3.7 shows a schematic of this multi-

stage system.
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Exhibit 3.7
TWO-PHASE ANAEROBIC DIGESTION PROCESS

Source: EPA, 1979
An effective means of Separating the two phases {g essential to the

operation of anaerohlc digestion {n this mode. Possible separation echniques

{nclude dlalysis, addition of chemtcnl fnhifbitors, ad fJustment of the redox

potential, and kincettc control by Cegulating the detent ton time and recycle

ratio for each reactor. The latter approach tg the most practical and has been

developed into a patented process (U.S. Patent 4,022,665), but it has not yet

been proved in a full scale plant operation.



3.3 SYSTEM DESIGN CONSIDERATIONS

When designing an anacroble digestion system, or evaluating proposed
designs, several subjects need spectal consideration. These include the
selection of system components, dfguster sizing, analysis of process performance,

and ‘energy utilization.

3.3.' System Conponents

3.3.1.1 Tanks

Araerobic digestion tanks are either cylindrical, rectangular, or egp-
shaped. A simplified sketch of cach tank design type is shown on Exhibits 3.8,
3.9 and 3.10,.

The most common rank desian 1s a low, vertical cylinder ranging in diameter
from 6 to 38 m, with a side water depth between A to 12 m. Gas-l{ft mixing {s
most effective when the ratio of tanl radius to water depth 1s between 0.7 and
2.0. The tanks are usually made of concrete, with either {nternal refinforcing
or post-tensfoning rods or straps. The latter design is the least expensive of
the two for tanks with diametoers pirearer than 24 meters. Some steel tank
digesters have been constructed to diameters of 25 meters.

The floor of a cylindrical digester {s usually conical, with a mintimun
slope of 1'6. Sludge ts withdrawn trow the low point in the center of the tank.
Digestion tanks with "waffle bottogg" 4luio hav o been put Into operation. The
principal objective of the waffle. floar design 1s to minimize grit accumulation
and to reduce the need for cleanfu,r,

The primary advantages of rectangular digestion tanks are simplified
construction and efflafent uge of a 1imited plant site. However, it is more

difficult to keep the contentes of i rectangular digester uniformly mixed because

"dead spots” tend to form at the corners,
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Egg-shaped digesters have been used extenslvely Iin Europe, originating
over 20 years ago, and they are now entering U.S. practice. The purpose of
forming an egg-shaped venk is to elimlnate the need for cleaning. The digester
sldes form a cone 8o steep at the bottom that grit cannot accumulate. The top
of the digester 1s amall, so that scum contalnoed there can be kept fluid with
a mixer and removed through special scum doors. Construction of egg-shaped
tanks requires complex form work and specfal bullding techniques. Accordingly,

capital costs are higher than for other tank designs.

3.3.1.2 lHeating

A heating system is an {mpoartant feature of a modern anaerobic digester.
Raising the temperature of tha digescing gludge increases the metabolic rate
of the anaerobic orgarisms and roduces digestion time. Maintenance of the
temperature consistently within 1°0 of deslgn temperature improves process

stability by preventing thermal shock.

Hethodqﬁg{_ﬂﬁigig&

Heating equipment must be capable of delivering enough heat to raise the
temperature of Iincoming sludge to operating levels and to offset losses of
heat through the walls, floor, and cover of the digester. Methods used to
transfer heat to sludge Include:

o Heat exchangers colls placed {nside the tank

o Steam injection directly into the sludge

o External heat exchange through which sludge 1s circulated

0 Direct flame heating in which hot combustion gases are passed through

the gludge

External heat exchangers are the most commonly used heating method.

Internal heat exchanger colls were used in early digesters; however, they are

diflicult to inspect and clean. This 18 a serious disadvantage because the
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coils becouwe encrusted, reducing the rate of heat transfer. To minimize caking
of sludge on the coils, water circulat{ng through the coils is kept between 49
to 55°C.

Steam injection heating requires very little equipment but dilutes the
digesting sludge and requires 100 percent boller makeup water. The cost of this
water may be considerable, particularly 1f hardiass must be removed before
addition to the boiler.

Three types of external heat exchangers are commonly used for sludge
heating: water bath, Jacketed plpe, and spiral. In the water bath exchanger,
boller tubes and sludge piping are located in a common, water—filled container.
Gravity circulation of "tot water across the sludge pipes 1s augmented with a
purp, to increase heat traunsfer. 1In a jacketed plpe exchanger, hot water is
pumped, counter-current to the sludge flow, through a concentric pipe surrounding
the sludge pipe. The spiral exchanger {s also a counter-flow design where
the sludge and water passageways are cast in a spiral. To wminimize clogging
with rags and debris, sludge passageways In a heat exchanger should be as large
as possible. The interlor of these passageways shonld be easily accessible to
allow the onerator to quickly locate and clear a blockage.

Each digester should have a separate heat exchanger, and in larger plants,
the addition of a single heat exchanger for warming raw sludge should be considered.
Cold raw gludge should never bhe addel directly to the digester. The thermal
shock will be detrimental to the anaeroble bacteria, and isolated pockets of
cold sludge may form. Raw sludge should be preheated or mixed with large
quantities of warm clrculating sludge hefore belng fed to the digester.

Heat losses can be reduced by insulatirg the cover and the exposed walls
of the digester. Common insulating materfals are glass wool, insulation board,

urethane foam, lightwelght Insulatdng concrete. and dead alr space. A facing s

placed over the {nsalation for protect fon and to Improve aesthetics. Common
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facing materials are brick, metal siding, stucco, precast concrete panels, and

sprayed—-on mastic.

3.3.1.3 Mixing
Digester mixing is considered to have the following beneficial effects:

o Maintaining {atlmate contact between the active biomass and the feed
sludge.

o Creating physical, chemlcal, and biological uniformity throughout the

digester

o Rapidly disperslng metabolic end products produced during digestion
and any toxlc materfals enterlag the system, thereby minimizing thelr
inhibiting ceffect on mlerobla activity.

o Preventing formatlon of a surface scum layer and the deposition of
suspended matter on the bottom of the tank. Scum and grit accumulations
adversely affect digester performance by conguming active volume in
the tank.

While the benefits of digester mixing are wilely accepted, controversy

and confuslon arise [n attempting to answer such questions as how much mixing
is adequate, and what the nost e¢ffcetive and efficient method 1s for mixing
digesting sludge. The degree of mixzing attained 1s closely related to the
total power actually delivered to the contents of the tank, {irrespective of the
actual mixing method used.

A certalin amount of natural mixing occurs in an anaerobic digester, caused
by both the rise of sludge gas bubbles and the the'mal convection currents created
by the addition of heated 8ludges. The effect of natural mixing {s significant,
particularly in digesters fed continuously and at high loading rates. However,
natural mixing does not maximize the benefits of mixing and 1s Insufficient to
ensure stable performance of the digestlon process. Therefore, mixers are an
esgential component in a high-rate digestion system. Methods used for mixing

Include external pumped circulation, {nternal mechanical mixing, and internal

gas mixing.
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External Pumped Circulat!on

Pumped circulation, while relatively simple, is limited in a physical
sense because large flow ivates are necessary for high-rate digester mixing.
However, this method can effect substanrial mixing, providing that sufficient
ererpgy (5 to 8 W/mj) s dissipated in the tank. Greater pump power will be
required if piping losses are significant. Pumped circulation 1s used most
aelrnenct ageeaal b b bar T v e o B T TR I ST Boegider e nt foge
aglration, circnlation allows external exchangers vo be used for heating the
digester and uniform blending of raw sludge with heated circulating sludge prior

to the raw sludpe's entering the digester.

Internal Mechanfcal Mixing

Mixing by means of propellers, flat-bladed turblnes, or similar devices
ls widely practiced {n the process industries. TIts usefulness, when applied
to wastewater sludge digesters, is I1imited hy the nature of non-homogeneous
wastewater sludge. The large amounts of rapgay and rela*{ively fnert, nonfluid
material in wastewater sludge resales in foulilng of the propeilers and subsequent
failure of the mechanisws. The practice of grinding scceenings within the wastge-
water flow will accelerate ragging.

Machanical mixers can be {nstalled through the cover or walls of the rank.
In one deslgn, a propeller drilves sludge through a draft tube to promote vertical
mixing. Wall installations restrict maintenance and repalr to the time when the
digester has been emptied (usually every three to five vears in well maintained

plants). Stroug mechanical mixing can be effected with about (6.6 U/m3) of

reactor.

Internal Gas Mixing

Several variations of gas mixing have been used for digesters, including:



o The injection of a large sludge gas bubble at the bottom of a 30 cm
tube tou create piston pumping acvion and periodic surface agitation.

o The iInjection of slud,e pas sequentially through a series of lances
suspended from tihe digester cover to as great a depth as possible,
depending on cover travel.

o The free or unconfined release of esas from a ring of spargers (discharge
nozzles) mounted
on the floor of the dige-rer.

0 The confined release of gas within a draft tube positioned inside the
tank.

The first method generally has a low power requirement, but produces
only a low level of mixing. As a result, the major benefit derived from {its
use 1s in scum control. Lance, free gas 1ift, and draft tube gas mixiag,
however, can be scaled to {nduce ctrong mixing of the digester contents. The
circulation patterns produced by these two mixing methods differ. As shown on
Exhibit 3.11 in the free gas lift system, the gas bubble velocity at the bottom
of the tank 1s zero, accelerating to a maxzimum as the bubble reaches the liquid
surface.

Since the pumping action of the $as 1s directly related to the velocity
of the bubble, there 1s no pumping from the bottom of the tank with a free gas
lift system. 1In contrast, a draft tube acts as a gas 11ft pump which, by the
law of continuity, causes the flow of sludge entering the bottom of the draft
tube to be the same as that exiting at the top. Thus, the pumping rate is largely
independent of hefght. The significance of this difference is thar draft tube
mixers induce bottom currents to prevent, or at least reduce, accumulations of
settleable material. Velocity profile studles Indlcate that lance type mixers
induce comparable bottom velocities. Another difference among internal gas
mixing systems Is that the gas Injection devices in a free gas 1{ft system are

“fixed on the bottom of the digester and thus cannot be removed for cleaning

without draining the tank.



To reduce clogging problems, provisions should be made for flushing the
gas lines and diffusers wicth high pressure water. With the lance and draft
tube systems, the gas difiuvsers are faserted from the roof and, therefore, can
be withdrawn for cleaning without removiag the contents of the tank. A drawback
of these systems, though, 1s that the draft tube and gas llnes suspended inslide

the tank may foul with rags and debris contained in the digesting sludge.

3.3.1.4 Covers

Anaerobic sludge digestion tanks are covered to contain odors, maintain
operating tempevature, keep out oxygen, and collect digester gas. Digester
covers can be classified as elther flxed or floating. Cross sections of both
types are siiown cn Exhibit 3.12. Floating covers are most expensive but allow
independeat additions and withdrawvals of sludpe, reduce gas hazards, and can
be designed to control formatfon of a scum-mat.

Fixed digester covers are tabricated from steel, reinforced concrete
and, since the mid~1970s, corrosfon-proof flberglass relnforced polyester (FRP).
In most cases, fixed covers are dome-shaped, although conical and flat concrete
covers have been built. Concrete roofs are susceptible to cracking caused by
rapid temperature changes. Consequently, gas leakage has been a frequent problem
with reinforced concrete covers.

Generally, fixed-cover dlgesters are operated so as to maintain a constant
water surface level in the tank. Rapid withdrawvals of digested sludge (without
compensating additions of raw sludge) can draw alr into the tank, producing an
explosive mixture of sludge gas and oxygen. The explosive threshold of sludge
gas in air 18 5 to 20 percent by volume. In addition, there have been cases in
in which the liquid level under the fixed cover has been allowed to increase
sufficiently to structurally damage the cover. Usually, this involves a tightly

clogged overflow system and a forgotten feed valve.
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3 —— S POINTS OF
FREE GAS LIFT Mixer ~ GAS INJECTION

EXHIBIT 3.11
CIRCULATION PATTERNS PRODUCED BY DRAFT

TUBE AND FRyi: GAS LIFT MIXERS
SOURCE: EPA, 1979
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Traditionally, floating covers have followe.l one of two designs: the
pontoon or Wiggins type and the Downes type (Exhibit 3.12). Both types of covers
float directly on the liquid and commonly have a maximum vertical travel of ?
to 3 m. These cover designs differ primarily in the method used to maintain
buoyhncy, which, in turn, determines the depree of submergence.

In the Wiggins design, the bottom of tle cover slopes steeply along the
outer edge. This outer portion of the cuver forms an annular pontoon, or
float, that results in a large liquid displacement for a small degree of cover-
plate submergence. Therefore, Wigeins covers have only a portion of the annular
area submerged, with the largest portion of the cover exposed to che gas above
the liquid surface. However, for the Dounes design, the bottum of the cover
slopes gradually throughout the enttire radius, thereby providing only a small
liquid displacement for a greater degree of cover-plate submergence. Typlcally,
the outer one-third of the radius of the Downes cover is in contact with the
liquid. However, it is desirable to [ncrease the degree of submergence adding

¢llast to the cover, thus keeping the liquid level a few inches within the
central gas dome. This keeps floating matter submerged and subject to mixing
action, reduces the area exposed to corrosive sludge gas, and adds to cover
stablility. The fundamental principle used to calculate ballast requirements 1is
that, at equilibrium, a floating cover displaces a volume of liquid equal in
weight to the total weight of the cover. Ballast can be added as concrete
blocks or as a layer of concrete spread across the upper surface of the cover.

A variation of the floating cover (s the floating gas holder. Basically,
a gas holder is a floating cover with an extended skirt (up to 3 m high) to
allow stccage of gas during perlods when gas production exceeds demand. However,
storage pressure in a gas holder 1s low--a maximum of 3.7 kPa. Therefore,
this type of cover will store up to three to six hours of gas production, based

on about 2 m of net travel. Greater storage s achleved by compressing the gas
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FIXED COVERS

WIGGINS TYPE

DOWNES TYPE
FLOATING COVERS

GAS HOLDER

EXHIBIT 3.12
TYPES OF DIGESTER COVERS
SOURCE: EPA, 1979



for high pressure storage in spheres or horizontal cylinders, or by providing a
separate low pressure displacement storage tank.

Gas-holding covers are less stable than conventional floating covers
because they are supported entirely by a cushion of compressible gas rather
than {ncempressibhle Taqutd and beciuse they expose a large side area to lateral
wind loads. To prevent tipping or biuding, ballast at the bottom of the extended
skirt and spiral guldes must be provided.

Typlecal appurtenances for a diyester cover inelude sampling ports; man-
holes for access, ventilation, and debrls removal during cleaning; a liquid
overflow system; and a vacuum-pressure rellef system equipped with a flame trap.

The permlissible range of gas pressure under a digester cover Is typlcally 0

to 3.7 KN/m>.

3.3.1.5 Piping

The piping system for an anacrobic digester is an important comporent of
the design. Many activitles take place during the operation of a digester:
feeding of raw sludge, circulation of sludge through the heat exchanger, with-
drawal of digested sludpe and supernatant, and collection of sludge gas. The
plping system should be designed to wllow these activities to occur concurrently,
yet independently. Flexibtlity should also be bullt into the piping system
to allow operation fn a varfety of mades and to ensure that digestion can he
continued in the event of equipment breakdown or pipe clogging.

Digested sludge 1g usually drawn of f the bottom of the tank, although
means to withdraw sludge from at least one other point should be provided in
case the maln line becomes plupged. A supernatant collectlion system, when
required, should have drawoff points at three or more elevations to allow tle
operator to remove the clearest supernatant.  An unvalved overflow with a vent

as a siphon breaker should be provided to ensure that the tank cannot be over-
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filled.

Special consideratian should be glven in the design of sludge-piping
systems to prevent the deposition of grease and clogging with debris. Velocitles
in gludge pipelines should be matntained above 1.2 m/sec to keep sludge solids
in suspension. Glass lining ot cast lron and steel pipe will prevent the
bufldup of grease and {s recommended for all plpes conveying scum and raw
sludge. The grease content of sludee iy typically reduced by 50 percent or
more durf{ng dieestion, so that slass Tining Ls not warranted for plpes carrying
digested or circulating sludge. sludze ptping ts generally kept as short as
practicable, with a minlmum numbher of bends. Long radius elbows and sweep tees
are preferred for changes In dircerion. Provisions are commonly mide for
cleanlng sludge lines with steam, Lifgh pressure water, or mechanical devices.
These provislons should include bl{adl flanges, flushing cocks, and accommodat Lon
for thermal expansion.

A problem unique tc anaerobic digestion systems 1s the buildup of crystalline
Inorganic phcsphate deposits on the {nterior walls of the tank and downstream
piping. This encrustation will {ncrease pipeline friction, displace volume
in the digestion tank, and foul downstream mechanical equipment. Methads
guccessfully used to prevent this b {ldup 1nclude:

o aerobic digestion of the studpge atream with the highest phosphate
content;

o dilution of digested sludge flows to prevent super-saturation and
to rafse pipeline velocitles;

o limiting magnesium {ion ccncentration in the stream;

o substitution of PVC pipe for cast-iron pipe to reduce interior roughness.

3.3.1.6 Cleaning

Anaerobic digestion tanks can become partially filled with a bottom
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layer of settled grit and a top layer of floating scum. These accumulations
reduce the volume avallable for active digestion and thereby degrade the perform-
ance of the digesters. Pertodically, the dlgestion tank must be drained and
these deposits removed. This cleaning process ts usually expensive and unpleag-
ant. Furthermore, 1t can distupt normal processing of sludye for as long aq
several months. Therefore, attenrion should be glven during design to (1)
reducing the rate at which grlt and seusm ean accumulate, and (2) making 1t easy

to clean the digester when 1t becomes necessary.

Prevention of Grit and Scum Bufldup

The most sensible approach to winimizing digester cleaning 1s to prevent
grit and scum from entering the system.  This can he accomplished through
effective grit removal tn the headworks of the plant coupled with separate
processing of scum (for example, incineration or hauling to a rendering plant).

A second mitigation measure, whlch is almast as effective, fs to maintain a
homogencous mixture within the digester so that the grit and scum cannot separate
out. This Is best achleved by strong mixing and positive submergence of the
liquid surface under a floating cover ( efer to the preceding sections on mixers
and covers).

Provisions can also be made to remove grit and scum casily from the digester
while normal digestion continues. Grit removal from the digester can be {mproved
by providing multiple withdrawal polnts or steep floor slopes (as in a waffle
bottom or egg-shaped digester). FEither an access hateh In the digester cover
or pipes extending into the upper levels of the digesting sludge can be used to
remove floating materfal In the tank before 1t forms a mat. Strong mixing in
the tank will carry floating material down into the zone of active digestion,

where {t 1t will be broken down.
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Facilities for Digester Cleaning

Traditionally, digester cleaning has been a difficulr, dirty task. As
a result, 1t is often postponed until tank capaclity Is severely reduced. Cleaning
then becomes even more cunerous because of the Increased urgency and scope of
the operation. If a digester can be cleaned castly, 1t {s much more likely that
ft will be cleaned cegularly.

To ensure that the digestars can bo casily cleaned, f{t 1s important for

the desigier to cousider the following questions:

o What will be done with the raw sludpe while the tank is out of service?

Typleally, raw sludpe flowv s dfstributed to the remaining tunks as
long as there is adequare capacity.  The problem, however, becomes
much more serious in a plant with only one digester. Possibly, a
temporary acrobic digester or an anaerobic lagoon can be devised,
although odors may be a problem with the latter. Lime may be added
to the raw sludge to disinfect it and control odors.

o How will the tank be drafned!  There is a risk of explosion during the

period (n which the tank {5 helne emptied, making {t {mportant to spoed
this step in the cleaning process,

o Where will the contents of the tank and the wastewater be taken? Placing

these materials on a sand Jdrying bed or in an exlsting sludge lagoon
are two simple solutfons to the problem (See Exhibit 3.13). Construc-
tion of a small earthen basin, speelfically for use during digester
cleaning, may be warrantoed. iiauling material in tank trucks to
another treatment plant, or to a suitable dispasal site, Is another
option. Mechanical dewatering equipment may be used to reduce. the
volume of hauling, but the large proportion of abraslve material
(grit) contained in the sludpe and wash water may produce excessive

wear.
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o How will access be provided into the tank? Manholes should be provided

through both the cover and the stdewalls of the tank to allow for
ventilation, entrance or equipnent and personnel, and removal of
organic and fnorpanic Jdebris.  Often In the past, the number and sire
of these openings has nat hoon sufficlent for easy cleaning.

o Is there a source of warer for washing the tank and refilling 1t for

start—up? Washdown water should be atr=papped (to prevent backflow)

and capable of supplying Wivh precsure water.  Once the tank has been
cleaned, start-uny bepins by f11ling the tank with efther raw wastewster,
primary effluent, or unchlerinated secondary effluent, and bringing

the entire contents up to operating temperature. If seed sludge s

to b2 used, 1t should be fed fnto the digester as soon as 1its liquid

contents have achieved operating temperature.

ANAEROBIC SLUDGE
DIGESTER LAGOON —/

|

Vis7~/S R
= //;;::;_j
= Jng

/; RECESSED IMPELLER
7 DRAIN PUMP

Exhibic 3.13
DIGESTER DRAIN SYSTEM

Source: FEPA, 1979
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3.3.2 Sizing of Anacrobic Digesters

Determination of divesrion tanl volume {s a critlical Step in the design
of an anaerobic digestion svsten, “lrse, and most important, digester volume
must be sufficlent to Prevent the process {rom fatling under all expected
conditions. Process faflure fg derined as the accumalation of volatile actds
and the cessation of methane production.  0Onece a digester turns sour, {t usually
takes at leact a month to return [t to service. Heanwhile, raw sludge must be
diverted to the remaining digesters, which may become overloaded in turn.
Furthermore, sludge from a sour digester has a strong, noxlous odor, and therefore,
its storage and disposal are a preat nulsance,

Digester capaclty must algo be large enouph Lo ensure that raw sludge
Is adequately stabillzed. “Suftitefent stabillzarion” mest be deflned on a case-

by-case basis, depending on the processing and disposal afrer digestion.

3.3.2.1 Loading Criteria

Traditionally, volume requirements for anaerobic digestion have heen
determined from empirical loading criteria. The oldest and simplest of these
criteria {s per caplta voleme allovance. Exhibit 3.14 lists typlcal design
values. This crude loading factor should he used only for inftfal sizing
estimates, since it fmplicitly assumes a value for such fmportant parameters
as per caplta waste load, solids removal efficlency in treatment, and digestibility
of the sludge. These parameters vary widely from one area to the next and cannot
accurately be lumped Into one paramceter.

A more direct loading criterion 1s the volatile solids loading rate,
which specifies a certain reactor volume requirement for each unit of volatile
dry solids {n the sludge feed por unir of timo. This criterion has been commonly
used to size anaerobic digesters. However, as carly as 19486, 1t was recognized

that process performance {g not always correlated with the volatile solids loading
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rate. The problem stems from the fact that this parameter 1s not directly tied
to the fundamental component [n anacrobic digestion, the microorganisms actually

performing the stabllization.

Exhibit 3.14
TYPICAL DESIGN CRITERLA FOR SIZING MESOPHILIC

ANAEROBTC SLUDGE DIGESTERS
Low-rate High-rate

Parameter . dipestion digestion
Volume criteria,

cu ft/capita

Primary sludge 2-3 1.3

Primary sludge +

Trickling f{lter humus 4=5 2.7 - 3.3

Primary sludge +

Activated sludge 4-6 ' 2.7 - 4
Solids loading rate, 0.04 - 0.1 0.15 b= 0.40

Ih VsS/dayv/cu fr
Sollds retention time, days 30-60 10-20
I cu ft/capita = .028 m3/capitn Source: EPA, 1979

it

1 1b/day/eu ft 16.0 kg/day/m3

3.3.2.2 Solids Retention Time

The most important conslderation in slzing an anaerobic digester is that
the bact ria must be glven sufficlent time to reproduce so that they can (1)
replace cells los® with the withdriwn sludge, and (2) adjust their population
size to follow fluctuations in organic loading.

To en.:ure that the process will nor fall, 1t 1s eritical to know the
growth rate of the bacteria in the digester. It is not practical te measure
directly the rate at which the anacrabie biac erfa multiply. However, as thesc
bacteria grow and reproduce, they metubollze the waste and produce end products.

As a result, the bacterial growth rat» can he determined by monitoring the rate
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at which substrate is reduced and end rroducts are produced. Studies of thege
rates of change began in the late 19505 and have led to an understanding of
digester process kinetics.

The key design parameter for anaerobic nlologlcal treatment is the
biological solids retentlion time (SRT), which Is the average time a unit of
microblal mass 1s retained in the system.  SRT can he eperationally defined as
the total solids mass 1n the treatment svstenm divided by rhe quantity of solids
withdrawn daily. 1In anacrobic divesters ulthout recycle, the SRT is equivalent
to the hydraulle detention time. Recyeling of a concentrated stream back to
the head of the system, which s the unlque feature of the anaerobic contact
process, increases the SRT relative to Lhe hydraulic detention time.

Exhibit 3.15 {llustrates the reliatlonship between SRT and the performance
of a lab-scale anavrobic digester fed with raw primary sludge. Specifically,
the figure shows how the production of methane, as well as the reduction of
degradable proteins, carbohydrates, Iipids, chemical oxygen demand, and volatile
solids, are related to the SRT. As the SRT is reduced, the concentration of
each component {n rhe effluent gradually Increases until the SRT reaches a value
bevond which the concentration rapfdly fncreases. The SRT can be lowered to
a critical polnt {SKT.) buyond which the process will fail completely. Cal-
culations based on process kinetics nredice an SRT, of 4.2 days for the digestion
of wastewater sludge at 35°C.

Temperature has an fmportant offect on bacterial growth rates and,
accordingly, changes the relationship between SRT and digester performance.

The effect of temperature on methhine production and volatile solids reduction

1s shown on Exhibit 3.16. The stpnittcance of thls rclntionship.is that stabili-
zatlon {s slowed ar lower temperacures, with 20°C appearing to be the minimun
temperature at which sludge stabilizarion can bo accompllshed within a practical

solids retention time. .ne critical winfmum solids retention time (SRTC) 1ig
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also affected by temperature.

3.3.2.3 Recommendod Slzing Procedure

The size of an anaerobfc digestoer should be adequate ro ensure that the
solids retention time Iin the system never falls below a certain critical value.
This design so0lids retention time (SRTy) and the conditions under which it muse
be met should bhe selected with care. A5 resulr, SRT3 must be censiderably
greater than SRT.. The recommanded minfpum safety factor {s 2.5.

Several researchers have recommended ten days a a minimum acceptable
solids retention time for high-rate digesters operating near 35°. This sizing
criterion 1is reasonable, since {r corresponds with tae replication time of the
slowest growing bhacteris. However, thig criterfon must be pet under all experred
conditions, including:

o  Peak hlﬂraulic_igﬂginn. This value should be estimated by combining

poor thickener performance with the maximum plant loading expected
during scven continuous days during the design period. )

0 Maximum level helow highest level. Approximately one meter of liquid
level variability must L. retatned to allow for differences {n the
rate of fee'ing and withdrawa] and to provide reasonable operational

flexibiljty.

These conditions miy occuar slmulruneously andg, therefore, the designer

should compound them when applying the ten-day SRTy sizing criterion. In the

past, "liberal" detention time criteria have been applied at the average conditions.

However, problems arise during critclical perfods, not when conditions are average.,
For this reason, the most rationg) approach to stzing a full-scale facility isg
to apply experimentally based design criterta (increased by a reasonable margin

of safety) to the actual sei of expected peak conditions.

3.3.3 Process Performance
=2 feliormance
The primary result of anacrobic sludge digestion 1is the reduction of both

volatile solids and pathogenic organisms. Volatile solids are degraded finto
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smaller moleculies, and éventually a large portion is converted into gas, pri-
marily methane (CHy) and carbon dioxide (C0s). Pathogens are reduced through
hatural die-off becauge the anaerobic environment 1is unsuitable for their
survival. Many other chemical and physical changes occur during anaerobic
sludée digestlon, some of which are desceribed later in this section.

It is not possible to predior Precisely the nature and extent of a1]
changes 6cecurring during anacrohic digesrion. Wastewater sludges have 4 complex,
variable character and there are many reactions that occur during digestion within
the mixed culture of ananerobic mlcrooryganisms. This section describes general
trends of digester performance and ldentifies the major influences on anaercohic
digestion,

Three topics are discussed 1n detail: solid reduction, gas production

and supernatant quality.

3.3.3.1 Solids Reduction

Solids reduction 1s one of the main objectives of anaeroulc digestion.
It not only makes the sludge less putrescible but algo reduces the amount of
so0lids for ultimate disposal. 1t {s usually assumed that this reduction takes
place only 1np the volatile portion of the sludge solids. Therefore, a common
Beasure of digester performance (s rhe percent of the volatile solids destroyed.
Volatile solidsg reduction in anacroblc digesters usually ranges between 35
to 60 percent. The degree of volatile sol,ds reduction achieved in any particular
application depends ou both the character of the sludge and the operating para-
meters of the digestion Systen.

The character of the sludge determlines the upper limit far volatile solidg
reduction. Not all of the volatile solids can be converted by the anaerobic
bacteria, Limited research Suggests that only 60 ¢y 80 percent of the volatile

solids in municipal wastewater sludge ig readfly blodegradable. The remaining
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fraction consists chiefly of inert organics such as lignins and atannins. These
complex organic molecules may eventually be degraded when held for several months
in a sludge lagoon, but can be ~onsidered Indlgestible within the contact times
normally assoclated with anacroblc digestion.

The most important operating paramcters affecting volatile solids reduction

are solids retention time and diycstion temperature.

3.3.3.2 Gas Production

A particular advantage of anaerobic digestion over other methods of
sludge stabilization is that it produces a medium=-energy gas as a by-product.
Digester gas can be burned to provide heat and generate electricity for the
treatment plant. Several off-site uses of digester gas ave also feasible,
including: blending with the domestic £as supply, generation of steam or
electricity for sale to adjacent Industrles, bottling for use as a portable
fuel, and production of chemfcals such as ammonia and methanol. Before any
utilization program can be establiched, the quantity and quality of available
digester gas must be determined.

The generation of digester gas is a direct result of the destruction
of solids. The microblology and biochemistry of this conversion are described
in Section 3.1.3. Because of this close relation between gas production and
solids retention, gas production 1s best expressed in terms of the volume of
gas produced per unit of solids destroyed. This parameter, termed specific
gas production, 1is commonly expressed as cuble meters of gas per kg of volatile
solids (VS) destroyed. Specific pas production values for the anaerobic dipestion
of some of the principal components of sludge are presented in Exhibiz 3.17.
Fatty substances have a higher energy content per unit welght than other forms
of organic matter. Thus, the breakdown of a sludge with a high proportion of

fats, olls, and greases can Le expected to yleld a greater quantity of gas per
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unit of solids destroyed.

Specific gas production for anacrobically digested municipal sludges
generally ranges between 0.75 to 1.1 m3/kg of volatile solids destroyed.

Exhibit 3.18 shows how specific pas productlion is affectred by temperature.
Convérsion of volatile solids fs most cfficient at about 35°C and 54°C. Deten~
tion time, or SRT, has essentially no erffect on specific gas production asg long
as the SRT, is exceeded. Lengthening the SRT, however, increases the total
quantity of gas produced becaus: volatile solids reduction is increased. As
discussed earlier, the mix of organic conmpounds in the feed sludge strongly
influences specific gas production values.

Instantaneous rates of gas production can vary widely becuse of fluetnatcions
In the feed rate, sludge composition, and hacterial activity. These momentary
peaks must be considered in stzing gas plping and storage facilities. Generally,
gas production increases soon after sludge is fed to the digester. Therefore,
continuous feeding alds in providing unfform gas production.

The characteristics of sludge gas are shown in Exhibit 3.19. A healchy
digestlon process produces a digester gas with about 65 to 70 percent methane,
30 to 35 percent carbon dioxide, and very low levels of nitrogen, hydrogen, and
hydrogen sulfide. The carbon dioxlde concenrration of digester gas has been
found to increase with the loading race.

The hydrogen sulfide (HpS) content of the gas is affected by the chemical
composition of the sludge. Sulfur-hearing industrial wastes and saltwator
infiltration tend to {ncrease Hy5 levels in sludge gas. lHowever, metal wastes
and metal ions added during chemfcal treatment or conditloning can reduce the
amount of H»S in the sludge by forming insoluble salts. H2S5, a major source of
odors in digested sludge, can also become corrosive {n the presence -f moisture,
by forming sulfuric acid.

Although the hydrogen content has some effect on the heat value, methane
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EXHIBIT 3.17

GAS PRODUCTION FOR SEVERAL COMPOUNDS
IN SEWAGE SLUDGE

Speclfic gas

production, m3/kg CH, content,
Material ___destroyed percent
Fats 1.1 - 1.4 62 - 72
Scum 0.9 - 1.0 70 - 75
Grease 1.1 68
Crude Fibers 0.8 45 - 50

Protein 0.7 73

Source: EPA, 1979
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SPECIFIC PRODUCTION

(m3/kg of volatile solids destroyed)

.93

.62

.31

BASED ON DATA FROM 23 STUDIES

27 32 37 42 47 52 59

TEMPERATURE, degrees (.

EX;i: 1 3,18
EFFECT OF TEMPERATURE ON GAS PRODUCTION
BASED ON EPA, 1979
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is the chief combustible constituent in digester gas. The high heat value for

digester gas ranges hetween 18,400 to 25,800 kJ/m3, with an average of about

23,600 kJ/m3.

3.3.3.3 Supernatant Quality

Supernatant, or liquid run-of f, from an anaerobic digestion system can
contaln high concentrations of organic matecvial, dissolved and suspended sollds,
nitrogen, phosphorus, and other ~uterials that, when returned to the plant, may
lmpose extra loads on other treatment processes and effluent recelving waters.
It 1s very difficult to generalize about supernatant quality because it can
vary widely, even at a single treatment plant. The suspended solids, biochemical
oxygen demand, soluble phosphorus, phenols, and ammonia in the supernatant can
all cauge problems in a treatment plant. If the an . -»robic supernatant must bhe
returned to the plant flow for Lreatment, 1t should be recycled continuously to

spread the loading.

3.3.3.4 Digester Operation

An effective anaerobic digester will not run automatically without
attention. 1In general, wastes should be loaded frequently, preferably every
few hours, but not less than daily, i{n order to avold losing solids volatility
to oxidation and aerobic bacteria. Nastes fed to the digester should be measured

by a count of pitmp timing, or direct welghing. Similarly, gas production
should be continuously metered and recorded daily, as any fall off of gas
production will usually be the firsgt slgnal of digester upset.

The feedstock should be inspected before it enters the digester. Slugs
of unusual constituents are to be avotded. A good rule of thumb 18 not to feed
more than 10X by weight of any out-of-the-ordinary material to the tank. Toxlic
substances such as chlorinated hydrocarbons, pesticides, strong acids and bases,

and heavy metals should never enter the digester at all. 1In addition, straw and
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EXHIBRIT 3.19

COMPOSITION OF BIOGAS

_ GAS _ PERCENT
CHy Methane 55-707%

€Oy Carbon Dioxide 30-457%

No Nitrogen Trace*

Hop Hydrogen 0.1-2%

Co Carbon Monoxide 0.1%

01 Oxygen Trace*

H>S Hydrogen Sulfide Trace-0.3%
Hy0 Water Vapor

* The presence of significant quantities of these gases indicates air leaks into
the digester.

NOTE: HyS becomes toxic at concentratlons in alr of around 0.04%.
CO is a threat at 0.05%.

Source: TVA, 1981

3-52



other floatable material should be avoided because they tend to form an
undesirable scum layer on the surface of digesting fluid. Excess water will
also slow digestion by diluting tli: act{ive sludge mass, and will waste energy
by increasing hesting requirements.

The digester itself should be checked dally for acidity. Also, the
color and odor of the digesting or digusted sludge should be monitored every
day. Sludge color should be black -- a grey color indlcates acid build-up and
fasufficient digestion. The odor of a healthy digester 1d described as dry and
pungent; that of a "sour” digester as nauseating, acidic and fatty. Most
digester failures are due to excess acldlty, caused by overloading.

A small, bench-scale digester Is often helpful in testing sludge,
evaluating methane production, and identi{fying toxlc materlals.

In order to begin digestion, a gtarter "seed" of previously digested
sludge should be fed into the digester and then raw sludge added to 1t gradually.

It wili be necessary to empty any digester for accumulated solids removal
every few years, depending on system design and degree to which indigestible
solids have been introduced into the digester feed. At such a time, 1t 1is
highly desirable to have more than one digester, so that gas production can
continuie and a fresh starter will be readily available for restarting the
cleaned-out digester. Complete mix dipgestion tanks will require considerable
labor to clean, with shovels, buckets and high-pressure hoses; while a well~
designed canal-type digester can be cleaned with a front end loader or similar

farm equipment.

3.3.4 Energy Production

As Exhibit 3.20 dindicates, the energy value of methane generated from the
anaerobic digestion process exceeds the energy requirements of the digestion

process. The gas generated may be sufficient to supply the energy needs of the
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entire wastewater treatment plant, wlth excess gas avallable for sale. The

same 1s true for manure digesters on farms.

Exhibit 3.21 shows, on one diagram, processes which release energy from
sludge; devices which convert the released energy to useful forms; useful
energy forms; and suggested applications of recovered energy, either at rhe
plant (or farm) or off-site. Spectal consideration must be made when designing

processes to recover energy from sludpe. Some of these considerations are

discussed bclow.

3.3.4.1 Treatment of Digester Gas

The chemical composition of digester gas has already been described
above. Of the commun constitucnts, only hydrogen sulfide (l12S) and water vapor
(Hp0) are of serious concern for reliable engine operation. Much of the suspended
water vapor in wet digester gas can be precipitated ovt with a simple water
trap; along with the water vapor goes a sigaificant portion of the HsS. The
remaining HsS may range widely ‘n concentration. Some plants have successfully
‘esigned and operated their engines te allow for residual HyS by replacing
critical engine parts with substitutes made from corrosion resistant metals.
Others have installed devices to remove it from the digester gas. Passing the
gas through heated ilron oxide (iron sponge) {s one of the simplest techniques
to remove H9S when concentrations are low. When HpS levels in the digester gas
are very low, successful engine operation may occur with only the water trap.

The large carbon dioxi{de content of most digester gas 1is not a problem
in engine operation, although {t does not combust and hence leads to engine-
de-rating. Some engines can function with CO9 levels as high as 73% of total
gas volume. Only {f the digester pas is to be sold as plpeline-quality gas

would COp removal be necessary.
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3.3.4.2 Corrosion Factors

One of the major problems assoclated with recovering heat from digester
gas 1s corrosion caused by sultur oxides such as S09 and 5043, which are combustion
products of H,S5. If the exhaust pas femperature 1s allowed to drop below itsg
dew point, the condensate which forms 1is acldic from absarblng 505 and S05.
The acidic condensate s corrosive to metallic elements of tho exhaust-carrying
system.  There are two alternatives to alleviate the problem.  The first s
scrubbing of H»S from the gas betore zombustion. The second 1s maintaining the
exhaust gas at temperatures considerably greater than {ts dew polnt, to prevent
condensation. This generally requires that the wia.er temperature of any boliler
or englne using unscrubbed pas be at least 100°C. Also, stack gas temperatures
should not be allowed to drop below 177°C. Use of unscrubbed digester gas is
preferred. Equipment fueled by unscrubbed digester pgas should not be used in
{ntermittent eervice, since condensation will occur each time the unit is shut
down.

Shut downs should be minimized. Stmilarly, the equipment should be designed
so that even when operated at lts lowest loadings, exhaust gas temperaturas are

sufficiently high to prevent condensation.

3.3.4.3 Boilers

Steel tube boilers and cast fron sectlcnalized boilers have both worked
well with untreated digester gas as long as the water or steam temperatures are
maintained above 100°C. Exhibit 3.22 {llustrates an effective method for hot
water production using a boiler to transfer heat via a thermal siphon, using
natural clirculation. If heat supply cxceeds heat demand, the excess heat fs
released by venting steam from the condensers. Temperature control {s automatic,

being set by the vent pressure. Advantages of this system are simplicity,

elimination of costs assoclated with pumping, automatic temperature centrol,
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and independent operation of the boiler from other heat sources and heat demands.
Independent operation is particularly important; it allows the boiler to operate
at its own best conditions, without being affected by the operations of other

components of the syctem.

3.3.4.4 Prime 'fovers

Digester gas can be used to fuel reciprocating engines, steam turbines
and gas turbines. Prime movers convert part of the fuel's energy to work,
rejecting the remalner us waste heat. Thermal efficiency can be dramatically
lmproved as pnitions of the rejected heat can be recovered and used for process
ot building heating. Waste heat recovery 1s more efficient if prime movers are
run hot, since heat rejected at higher temperatures can be put to a greater
variety of uses than heat rejected at low temperature. Also, exhaust systems
last longer because S09/803 corrosion is reduced.

There are a number of different engine types which can operate on
medium-Btu gas as produced in anacrobic digestion, including:

1) Compression ignition engines, modified for dual fuel combustion,
require from 2-15% (average, 5%) diesel fuel for ignition and top end lubrication.
Two fuel delivery systems are requlred, as well as modified carburation.
Maximum fuel energy which can be converted to shaft housepower is 32-36%.
Twenty percent, or lower, efficiency when operating at partial load is common.

2) Spark ignition engines have had somewhat less use operating on
blogas; generally in smaller horsepower sizes than the dual-fuel englnes.
Natural gas or propane may be used as supplemental fuel. Slow speed, high
compression engines may yield 32-36% power extraction rates; high speed, low
compression units. only 20-25%. Partial load again decreases englne efficiency.

3) Gas turbines have souo theoretical advantages over reciproceating

engines, but little successful experience with their use on digester gas has
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been documented and the sele.tion of turbine sizes avallable under 500KW
1s limited. Mechanical pouver efficiency ranges from 17-30%, depending on
the degree to which exhaust i.»at is recovered.

4) Steam turbines are the engines least affected by constituents in
the fuel gas because they do not come in direct contact with 1t; only the steam
raised by fuel combustion operates the engines. The use of digester gas to
produce steam is well-documentaed hut -he cost of generating power with steam
turbines may be difficult to justify at facilities with less than 1 MW (1000 Kw)
potential.

3.3.4.5 Generators

The choice of a generator is basically a matter of matching the output
of the generator (power output and shaft speed; with that of the prime mover.
Depending on the type of prime mover (turbine, spark ignition, or compression
engine), the gearbox joining the prime mover to the generator will usually
increase the engine speed to that of the generator, or decrease the turbine
speed to match that of the generator. 1In most cases, manufacturers match
the prime movers to the genera:or set, or can recommend a distributor who does.

Generators are packaged with necessary electrical controls for their operation.

Generators may be synchronous or induction types. Synchronous generators
are by far the most common. However, in smaller sizes (below S5 or 10 MW)
induction units are generally less expensive than synchronous units. They are

also easler to maintain since thay require no governor or synchronizing equipment.
Iuduction gencrators have the disadvantape of befng unable to operate unless
parallelled with synchronous gencration, elther utilit, or in-plant. An induction
generator by itself cannot be used to provide emergency power.

In addition to a generator, the system will include electrical equipment,
elther for Inrerface witih the utility grid or delivery of power on-site.

Switchgear, wiring, and controls which protect the unit from under/over voltage
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conditions, and automatic circuit treakers with manual reset to separate the

Ssystem from the distributor 1lfne ip case of distributor line power loss are

also necessury equipment.

3.3.5 Other Design Considerationi

Some of the factors a designer nmust conslder when conducting a heat recovery

analysis include:

o

Determining the c.uergy value of the digester gas.
Calculating the heat balance around the engine/generator/boiler.

If an engine 1: used, determine whether sufficient heat can be recovered
from the Jacket LIoling water to g8atisfy digester heating Tequirements.

Determining the efflciency of the elergy recovery system.

For boiler 8ystems, determine steam and condensate flows, determine work
produced in both Process steam cycles and turblae eperation.

The full range of condirtions expected at the plant must he evaluated,
not just average condirions. Energy supply and thergy demand schedules

MUEt be established. eat recovery equipment must be slzed to handle
peak demands. Storage requirements for primary and backup fuels must
be determined.

A source of backup eénergy must be available in the event that plant
tnergy recovery Sysiems experience partial or total failure.

The physical and chemfcal narure of flue gases generared must be
considered (for example, temperature, corrosiveness, particulate
concentration, and molsture conrent),

The equipment must be designed ro withstand the conditions to which {t
will be subjected. Appropriate construction materials must be used.

Any solid, liquid or gascous restdue from the heat recovery operation
must be collected and disponed of 1n g safe and environmentally sound

manner.

Chemical and physical treatmentsg for makeup and circulating water or
steam must be established.

Manpower to operate the heat recovery system must be determined.
Speciallsts may be required for certaln equipment, for example,
stationary enginecrs for high pressure boillers and engine specialistsg
for internal combustion englnes.

Control Strategles muat ha decided upon; instrumentation to carry
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them out must be provided.

Economic analysis must be performed to determine if the system can be
economically justified. As a rule-of-thumb, the larger the plant, the
more sophisticated the heat recovery system which can be justified.
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3.4 ENVIRONMENTAL IMPACTS

The likely environmental impacts of each proposed project alternative
should be evaluated. Since environmental impacts are important for politicai,
economic, health and aesthetic reasons, a formal study of them is a necessary
part’ of good project planning.

The primary function of a sewage treatment plant is to mitigate the
adverse environmental effects of abundant raw sewage. The.particular contri-

butions of anaeroblc digestion ta this goal include sludge stabilization and

pathogen neutralization. A discussion of pathogenic organisms follows.

5.4.1 Pathogenic Organisms

A pathegen or pathogenic agent 1s any biological species that can
cause disease in the host organism. These organisms or agents fall into four
broad categories: viruses, bacteria, parasites, and fungi. Within the parasite
category, there are protozoa, nematodes, and helminths. Viruses, bacteria, and
parasites are primary pathogens that are present at some level in sludge as a
sludge as a result of human activity upstream from the wastewater treatment
plant. Fungil are secondary pathogens and are only numerous 1in sludge when
given the opportunity to grow during some treatment or storage proccss.

Pathogen Sources

Pathogens enter wastewater treatment systems from a number of sources:
o Human wastes, including feces, urine, and oral and nasal discharges;
o Food wastes from homes and commercial establishments;

0 Industrial wastes from food processing, particularly meat packing
plants;

0o Animal feces and urine; and
o Blological laboratory wastes such as those from hospitals.
In addition, where combined sSewer systems are used, ground surface and

street runoff materials, especially anlmal wastes, may enter the sewers as
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storm flow. Desease vectors such as rats that inhabit some sewer systems may

also add a substantial number of pathogens.

3.4.2 Pathogen Characteristics

Viruses, bacteria, parasites, and fungl differ in size, physical composi-

ticn, reproductive requirements, occurrence in the population, and prevalence

in wastewater.

3.4.2.1 Viruses

Viruses can only reproduce by dominating the internal processes of host
cells and using the host's resources to produce more viruses. Viruses are very
small particles whose proteln surfaco charge changes *n magnitude and sign with
pi.  In the natural pH range of wastewater and sludges, most viruses have a
negative surface charge. Thus, they will adscrb to a variety of material under
appropriate chemical conditions. Different viruses show varying resistance to
environmental factors such as heat and molsture. Enteric viruses are acid-
resistant and many show tolerance t. temperatures as high as 60°C.

Many of the viruses that cause disecase in man enter the sewers with feces
or other discharges and have been ldentified, or are suspected of being, in
sludge. The major virus subtypes transmitted in feces are listed in Exhibit 3.23
tngeter with the disease they cause, Viruses are excreted by man in numbers
several orders of magnitude lower than bacteria. Typlcal total virus concen-
trations in untreated wastewaters are 1,000 to 10,000 plaque-forming units (PFU)
per 100 ml; effluent concentrations are 10 to 300 PFU per 100 ml. Wastewater
treatment, particularly chemical coagulation or biological processes followed
by sedimentaiton, concentrates viruses in sludge. Raw primary and waste-acti-

vated sludges contain 10,000 to 100,000 PFU per 100 ml.

3-64



EXHIBIT 3.23

PATHOGENIC HUMAN VIRUSES POTENTIALLY IN
HASTEWATER SLUDGE

Name Disease

Adenoviruses Adenovirus infection

Coxsackie virus, Group 4 Coxsackie infection; viral meningitis;
AFRI?, hand, foot, and mouth
disease

Coxsackie virus, Group B Coxsackle infection, viral meningitis;
viral carditis, endemlc pleurodynia,
AFRIA

ECHO virus, (30 types) ECHO virus Iinfection; aseptic menlng-
itis;
AFRIA

Poliovirus (3 types) Poliomyelitis

Reoviruses Renvirus infection

Hepatitis virus A and B Viral hepatitisg

Norwalk agent Sporadic viral gastroenteritis

Rotavirus Winter vimiting disease

8AFRI is acute febrlle respiratory 1llness. Source: EPA, 1979

3.4.2.2 Bacnteria

Bacteria are single-celled organisms that range in size from slightly
less than one micron in diameter to 5 microns wide by 15 microns long. Among the
primary pathogens, only barteria are able to reproduce outside the host
crganism. They can grow and reproduce under a variety of enviroumental condi-~
tions. Low temperatures cause dormancy, often for long periods. High
temperatures are more effective for fnactivation, although some species form
heat-resistant spores. Pathogenic bacterlal specles are heterotrophic and general-

ly grow best at a pH between 6.5 and 7.5. The ability of bacteria to reproduce
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outside a host 1s an lmportant factor. Although sludge may be disinfected, it
can be reinoculated and recontaminated.
Bacteria are numerous {n the human digestive tract; man excretes up
to 1013 coliform and 1010 other bacteria {n his feces every
day.” The most important of the pathogenic bacteria are listed in Exhibit 3.24,
together with the diseases they cause.
FXHIBIT 3.24

PATHOGENIC HUMAN BACTERIA POTENTIALLY
IH WASTEWATER SLUDGE

Species Disease

Ariozona hinshawil Arizona infection

Bacillus cereus B. cereus gastroenteritis; food
poisoning

Vibrio cholerae Cholera

Clostridium perfringens C. perfringens gastroenteritis;
food poilsoning

Clostridium tetani Tetanus

Escherichia coli Enteropathogenic E. coli infection;
acute diarrhea

Leptospira sp Leptospirosis; Swinecherd's disease

Mycobacterium tuberculosis Tuberculosis

Salmonella paratyphi, A, B, C Paratyphoid fever

Salmonella sendai Paratyphoid fever

Salmonella sp (over 1,500

rerotypes) Salmonellosis; acute Jdiarrhea

Salmonella typhi Typhoid fever

Shingella sp Shigellosis; baclllary dysentery;
scute diarrhea

Yersinia enterocolicica Yersinia gastroenteritis

Yersinia pseudotuberculosis mesenteric lymphadenopathy

Source: EPA, 1979

3.4.2.3 Parasites

Parasites include protozoa, nematodes, and helminths. Pathogenic
protozoa are single-celled animals that range in size from 8 to 25 microns
Protozoa are transmitted by cysts, the nonactive and environmentally insensi-
tive form of the organism. Their Llife cycles require that a cyst be ingested

by man or another hosc. The cyst Is transformed into an active organism in the
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intestines, where it matures and reproduces, releasing cysts in the feces.
Pathogenic protozoa are listed i{n Exhibirc 3.25, together with the diseases they
cause.

Nematodes are roundworms and hookworms that may reach sizes up to
36 cm in the human intestines. The more common roundworms found in man
and the diseases they cause are llsted in Exhibit 3.25. They may invade tissues
other than the intestine. This situation iy espectally common when man ingescts
the ova of a roundworm common to another species such as the dop.  The nematode

does net stay in the {intestine but nlgrates to other body tlssue such as the

eye and encysts. The cyst, similar to that formed by protowoa, causes inflam-

mation and fibrosis in the host t{ssuo. Pathogenic nematodes cannot spread
directly from man to man. The ova discharged In feces must first emhryonate
at amblent temperature, usually in the soll, for at least two weeks.

EXHIBIT 3.25

PATHOGENLC HUMAN AND ANIMAL PARASITES
POTENTIALLY 1M WASTEWATER SLUDGE

Ancyclostoma dirodenale
Ancyclostoma sp
Ascaris lumbricoides

Enterobius vermicularls
Fasciola spp.

Filaroma

Necator americanus
Schistosoma m,h

Strongyloides stercoralis

Species Disease

A. Protozoa
Acanthamoeba sp Amoeblc meningoencephalitis
Balantidium coli Balantidiasis, Balantidial dysentery
Dientamoeba fragilis Dientamoeba infection
Entamoeba histolytica Amocblasis; amoebic dysentery
Giardia lamblia Glardiasis
Isospora bella Coccidlosiy
Naegleria fowlert Amoebic meningoencephalitis
Toxoplasma gordidi Toxoplasmosis

B. Nematodes

Ancylostomiasis; hookworm disease

Cutaneous larva migrans

Ascarilasls; roundworm disease; Ascaris
pneumonlia

Oxyuriasis; pinworm disease

Fascloliaslis

Rift Valley Fever, Filariasis

Necatorlasis; hookworm dlsease

Schistosomiasis

Strongyloidiasis; hookworm discase
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Toxocara canls Dog roundworm disease, visceral larva
Trichusis trichiura Trichuriasis; whipworm disease

C. Helminths

Diphyllobothrium iatum Fish tapevorm disease

Echinococcus granulosis Hydatid disease

Echinococcus multflocularls Aleveolar hydatid disecase
Hymenolepis diminuta Rat tapeworm diseasc

Tymenolepls nana Dwarf tapeworm disease

Taenia saginata Taenlasis; beef tapeworm disease
Taenia solium cysticercosis; pork tapeworm disease

Source: EPA, 1979

Helminths are flatworms, such ag tapeworms, that may be more 30 cm
in length. The most common types are assoclated with beef and rats. Trans-
mission occurs when man ingests rav or Inadequately cooked meat or the eggs
of the tapeworm. 1In the less serfous form, the tapevorm develops in the
lntestine, maturing and releasfng cpps.  Tn the more serious form, it locallzes

in the ear, eye, heart, or central nervous system.
] ) b

3.4.2.4 Fungt

Fungil are single-celled non-photosynthesizing plants that reproduce
by developing spores, which form new colonfes when released. Spores range in
size from 10 to 100 microns. Thev are secondary pathogens in wastewater sludge,
and large numbers have been found growing In compost. The patnogenic fungi,
listed in Exhibit 3.26, are most dangerous when the spores are inhaled by
people whose systems are already gtressed by a disease such ag diabetes, or by
{mmunosuppressive drugs. Fungl spores are ubiquitous in the environment and
have been found in pasture lands, hay stacks, manure plles, and the bhaseme.ts

of most homes.
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EXHIBIT 3.26

PATHOGENIC FUNGT POTENITALLY IN
WASTEWATER SLUDGE

Species
Actinomyces sp Actinonycosis
Aspergillus sp Asperglllosls; Aspergillus pneumonia
otomycosis
Gandida albicans Monillasls; candidiasis oral thrush

Source: EPA, 1979

3.4.3 Pathogen Reduction During Digestion

Sludge digestion is one of the major methods for sludge stabilization
in the United States. Well-operated dipesters can substantially reduce virus

and bacterla levels but are less effcetlve agalnst parasitic cysts.

3.4.3.1 Viruses

Viruses are removed must readily in wastewater treatment processes when
attached to larger particles such as chemical or biological floecs. Primary
treatment virus removal iIs from three percent to extenslve; primary treatment
removals of 60 to 95 percent occur with a one-hour detentlon time, 70 to 99
percent removals occur with activated sludge.

Virus concentration ranges for raw and anaerobically digested sludges
are given in Exhibit 3.27. Anacrobic digestfon has been shown to reduce the
concentration of detectable viruses by one to several orders of magnltude.

lgester detention time, operating temperature, and meth d of operation are
apparently the most Important factors affertling virus removal.  Almost 50

percent virus Inactivatiun occurs with' sludge sterage at 20°C for two weeks

under laboratory conditions. Reduction econtinues with longer storage. Incredsed

operating temperature also improves reductlion.



EXHIBIT 3.27

PATHOGEN OCCURRENCE IN
LIQUID WASTEWATER SLUDGES

__Concentration, number/100 ml

Unstabilized raw

Pathbgen Name or species sludged Digested sluged,b
Virus Various 2.5 x 103 = 7 x 104 100 - 103
Bacteria Clogtridia sp 6 x 106 2 x 107
Bacteria Fecal colfform 169 3 x 104 - 6 x 106
Bacteria Salmonella sp. 8 x 103 BDLC - 62
Bacterla Streptococcus faecalls 3 x 107 4 x 104 - 2 X 10?
Bacteria Total coliforms 5 x 109 6 x 104 - 7 x 10/
Bacteria Mycobacterium tubercu- 107 10
losig

Parasites Ascaris lumbricoides 200 - 1,000 0 - 1,000
Parasites Helminth eggs 200 - 700 30 - 700
a4 Type of sludge usually unspec!fied. Source: EPA, 1979

Anaerobic digestion; temperature and dertention times

varled.
€ BDL is below detection lim'ts, <3/100 ml.

3.4.3.2 Bacteria

Most bacteria in wastewater aro readlly sampled and measured. Commonly
found concentrations and types of bacteria are shown I{n Exhibit 3.27. Increas-
ing both the temperature and the detention time increases bacterial inactivation.
Fill-and-draw operation, however, prevents digestion from removing as large a

fraction of the bacteria as it might in another operation mode.

3.4.3.3 Parasites
Protozoa cysts should st gurvive anaerobic digestion, but helminth ova
definitely do and should be expected In digested wastewater sludge unless testing

proves the contrarcy.
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3.4.4 Pathogen Survival In the Soll

An objective of reducing Lhe number of pathogens 1n wastewater treat-
ment plant sludge is to produce a product that may ‘e beneficially utilized.
As such, the behavior of sludge pathogens In the soil 1s important. Sludge is
returned to the soll by spray irrigation, surface flooding, wet or dry surface
spreading, or subsurface injection. These techniques expose the sludge to
the sun, alr, water, and soil In different ways that may strongly affect

pathogen survival.

3.4.4.1 Viruses

Data for the survival of viruses, bacteria, and parasites in soil are
summarized in Exhibit 3.28. Tactors that have been found to affecr survival
include soll temperature, i, clay concentration, cation exchange capacity,
specific surlace area, and organifc content. Vi{iruses survive best at slightly
alkaline pH levels. Cooler temperarures prolong virus infectiveness, as does a

moisture content betwecen 15 and 25 percent.

3.4.4.2 Bacterla

Maximum recorded bacterial survival times vary with species, from a
little over one month to almost a year, as shown in Exhibit 3.28. The important
variables 1in bacteria survival are moisture content, molsture holding capacity,
temperature, pH, sunlight, organic matter, and competition or predation. Molsture
content {s most important, since desieccatlon often ieads to cellular death.
Lower temperatures prolong survival, and a lower pH Increases the rate of
lnactivation. The presence of organics may promote survival or even regrowth.

If sludge is applied by a surface method and allowed to dry before
incorporation into the soil, considerable bacterfal reduction can be achleved.
This potential advantage of surface applicatlons must be weighed against the

assoclated odor risk and the cost of subsurface injection.
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EXHIBIT 3.28

PATHOGEN SURVIVAL IN SOILS

Pathogen Length of survival,
type Name or species days
ViTus Poliovirus Up to 84
Virus Pollovirus 1 Up to 170
Virus ECHO 7 Up to 170
Virus ECHO 9 Up to 170
Virus Coxsackie K73 Tp to 170
Bacteria Clostridium sp Up to 21C
Racteria iEEEEEpira Sn Up to 45
Bacteria Mycobaicteriaunm tuberulosis More thaa 180
Brcteria Salmonelia a ap. Up to 570
Bacteria Salmonella vahi Up to 120
Bacteria ‘hip(llé_anumkm Up to 210
Bacteria Streptococcus faccalis Up to 210
Bacteria Total colitorn 77 Up to 210
Parasite FEntamoeba histolytica Up to 8
Parasite Ascarls lumbricofdes Up to 2,550
Parasite Hookworm larvac Up to 42
Parasite Schistosoma Up to 21

Scurce: EPA, 1979

3.4.4.3 DParasites
Protozoa cysts are reported to be destroyad in eight days after
land application. Helwminth ova, however, are very durable and may survive

up to seven yedars. Hpokworm larvae may be viable for over a month.

3.4.5 Potenrial Human Exposure to Pathogens

Han may be exposed to pathoprens In wastewater sludge in a variety of
ways and at greatly varylng concentrations. Exhibit 3.29 lays out in simplified
form some of tne potential nathways. There Ls no firm sclentific evidence that
human disease ls directly linked to exposure to pathogens from wastewater sludge.
Viable pathogens have, however, bte:n isolated from intermediate points in the
sludge management system, such as {row surface runoff from sludge treated flelds.

These factors should te considered in cthe selection and deslgn of a process for
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reducing the number of pathogenic organisms.

3.4.6 Other Environmental Tmpacts

Land application of anaerabically stabilized sewage sludge has other
environmeuntal impacts. Its primary adverse imracts aside from pathogen
transmission are odor and the potential for toxin or heavy metal contamination.

The beneficial impacts include soll fertilization and stabilization of sandy

or eroded soils.
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3.5 SPECTAL CCNSIDERATIONS IN THE EGYPTIAN ENVIRONMENT CONTEXT

Much of Egypt's primary infrastructure is not yet adequate to meet the
population's needs. Cairu's West #anlk, for example, 1is only one-third sewcered;
the remaining two-thirds of the city Is served by septage tanks. Private
carrlers track raw sewage from “he Individial buildings' septaoge 'anks to the
nearest cana' (carrying Nile River water to the farms) or draln (returning water to
the Nile) for dumping. Piped sewage poes to one of several wastewater creat-
ment plants and undergoes primary treatwent (screening and sedimentation) prior
to discharge. The effluent presently does not undergo secondary treatment or
disinfection. The sludges that are generated are simply applied to land for
drying. Many urban areas in Fpvpt need complete and adequately sized sewage
collection networks in addition to sevage treatment plants. Much of the primary
sludge that is generated is uscd by farmers, and they can be expected to
continue this beneficial use of sludge as its quantities grow along with Egypt's
intfrastructure Ilmprovements. A good public health argument exists for anaerobically
stabilizing thls sludge prior to use: not only will it be less putrescent and
easier to handle, but pathogen levels will be greatly reduced. Energy recovery is
an added benefit that makes the digestion process more economic.

Investments in anaeroblc digesters will not be made obsolete by the
Introduction of secondary and/or tertiary sewage treatment procasses. Sludge
will continue to be generated and the need to stablize it will continue to
exist.

Prior to claiming substantial public health benefits for sludge digestion,
a detailed analysis of actual Egyptian pathogen destruction by the process 1is
warranted. Anaerobic digestion may not neutrallze some of Egypt's most persistent
parasites.

One of the best uses of digester-produced methane may be to make sewage

treatment plants energy self-suificient. By utilizing the gas to produce
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mechanical, electrical, and thermal énergy, treatment plants may be built in new

cities and in other locations not well served by the electric grid.
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3.6 CURRENT R&D THRUSTS
3.6.1 Industry R&D

Sewage treatment plant design and construction is a mature industry
1n the United States. Anaerobic digeters have been used to stabilize sludges
for nearly 100 years, and a great deal of research, process refinement, and
experimentation with alternative designs has been completed. Research and
developuent activicies within the ITndustry continue at several levels. At the
systems level, there ig constant experimentation with new process comblnations,

as engineers attempt to optimize desiyns based on hoth quality and cost-effec-
tiveness criteria. At the process level, development of better digesters
continues; for example, phase separation using separate tanks for acid formation
and methane production is being tried, and the application of computers with

detailed instrumentation ig befng farroducad to allow instantaneous monitoring

and control of systenm performance.

3.6.2 U.s. Governmert R&D

In the United States, the federal government during the past decade has
initiated numerous programs to foster the development of biomass energy,
The main emphasis of Federal bhiomass R&D is 1in appllied research and engineering,
which includes activities related to developing feedstock production and conversion
technologies from the conceptual stage through establisning technical feasibilitv,
The programs involved in R&D exhibit a broad range of interests concentrating
on five feedstock production categories (woody, herbaceous, aquatic, waste-derived,
and environmental) and five conversion technology categorles (direct combustion,
bilochemical, thermochemical, photobislopical, and environmental),

Research on Sewage gas eneryy recovery {s coordinated by the Municipal

Waste Division of the U.S. Department of Energv.  Their mission ig to conduct

research that will allow the private sector to complete the development necessary



for the commercial application of these technologies in the marketplace.

The wastewater treatment rescarch Is conducted as part of the Blochemical
Research Program. Recent projects have included the development of improved
microbial strains for anaerobic digestion of wastewater, biofilm process research

for treatment of wactewater and off lucnt dewatering and drying process -esearch.

The first project mentioned 15 the development of {mproved microbial
strains for anaerobic digestion of MSW and wastewator. The objective of this
research is to explore and se known genetfc-manipulation techniques in order
to select, and develop improved microbial strains capable of fermenting MSW-
and wastewater-feedstock in anacrobic digesters.

It is known that methane production from cellulosic and starchy materials
(as well as other materifals which are constituents of MSW and wastewater)
follows three distinctive steps, that 1s cellulolysis -~ starch hydrolysis,
acetogenesis, and methanogenesis. The three steps (mechanisms) arve accomplished
by three corresponding groups of mfcrobes. Tt has been demonstrated that
cellulolysis and starch hydrolysis produce higher amounts of simple sugars and
faster by the afd of Improved bacrerial and/or fungal strains than with the
usual ones (wlld, etc. types). In the area of acerogenic bacterial improvement,
and in particular, in the area of methanogenic bacterial improvement, research
is in {ts infancy. Therefore, the employment of known genetic techniques (like
conjugation, transformation, transduction, and mutation) to lmprove the genotype
of the bacteria involved 1in methanogenesis (towards a higher rate of methane
production than the usual one) is needed. A 10Y Increase of methane yields
by improved bacterial strains will have an appreclable effect on the ezonomic
and energy requirements of methane ioductlon through anaerobic digestion of
M5W and wastewater.

The development of a biofilm process for treatment of wastewater is
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also underway. The objective of this study will be the production of basic data
for the development of a highly effective biofilm process for treating waste-
water to produce methane gas.

Several systems are currently used to treat wastewater, among
them the anaerobic film process appears to be of high Interest due to recent
increasing couacern in energy miatters.  The wastewater stream, by {ts available
nutrients and biological oxvgen demind, determines the mleroflora population
dynamics and chemical activities. 1Tt {s posslible to change both the nature and
dynamics of the microblal population towards a highly methane-producing microflora
through biofilm processes. These processes Involve reactors that immobllize
the bacteria (retained-biomass reactors) that have the property to attach
on solid surfaces of specfal materials, especially methanogenic bacteria.
These materials provide a vast surface area for blologlcal growth, supporting
the development of a high blomass concentration. Such blosupport materials,
known as biofilms, can be made of plastics. These types of reactors provide
long retention times without the necd for solids recycling, are less susceptible
to microflora washout with the effluent, permit short hydraulic residence times,
are sultable for soluble microbial food sonrces, provide a high degree of
digestion (treatment) with dilute waste strrams, produce high methane content
of the gas (up to 70%, probably from the absorption and removal of most of
carbon dioxide in the effluent), can operate at higher temperatures than other

systems, and can handle moderate overloading effects.

3.6.3 Other R&D

Both the Europeans and the Japanese continue to work on process improve-
ments relating to digester performance. Tanovative tank shapes and piping

Systems designed to Improve digestion ratic and reduce maintenance downtime

are among the things belng explored.
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stubborn golids are‘inorgnnic. Lignin, a structural organic material in wood,
is particularly difficult to break down. Skimming, thickening, continuous
loading, and mixing enhance dlgestion by increasing the fraction and uniform
distribution of volatf{le sclids.

Substances toxic to bacteria are sometimes present in sludge. Materials
such as heavy metals, antiblotfcy, phienols, pestictdes, detergents, sulfur
compounds, and disinfectants are common inhiblrors of anaerobic digestion.

The source of the wastes {ig often a good predictor of the toxic constituents.
Some of these substances can be diluted to non-toxic concentrations, some can
be precipitated out of the sludge, and still others must be removed from

wastes before they enter digesters.

4.2 TECHNOLOGY DESCRIPTION

There 1s much current experimentation and debate over how to optimize
digestion. Therefore, the equipment avallable to accomplish anaerobic digestion
ranges widely in size, design and operation. Equipment used to transform the
raw feedstock into a digested product must allow for feeding into the digester,
heating the manure and maintalining {ts temperature, holding the material during
digestion, keep oxygen out of the digester, mixing the digester contents,
accumulating and releasing biogas and discharging digested material.

Several types of digesrers, discussed In the previous chapter, perform
all of the above functions satistactortly., Most manure digesters are variations
of the two principal designs described here.

A complete-mix high-rate digester Is, by definition, a design which

incorporates stirring or agitatfon of the contents to achieve good mixing
and which also has a means of hearing to ensure that digestion takes place
at a stable optimum temperature. These digesters were first developed for the

wastewater disposal field, but there are nou many alternative types available,
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EXHIBIT 4.4

Comparison of Complete-Mix and Flug-Flow Digesters

Advantages

Disadvantages

Complete- Little land required. High capital cost.
Mix
Digester Maximum gas production. Energy required for mixing.
Short retentlion time Difficult to clean.
(15-20 days).
Slow solids buildup
(5 yr cleanout interval).
Canal Lower capital cost. Large land requirements.
Plug-Flow

Digester

No mixing required.

Cleanable with bhulldozer
or other aecans.

Less gas production.
Long retention time.

Rapid solids butildup (2 vr
cleanout interval).

Source: TVA, 1981






EXHIBIT 4.6 MANURE PRODUCTION

Per 500 Kg
of live animal

Volume Wet Weight Daily Gas Welight of
Animal (m3) (Kg) Production (m3) Typical Animal (Kg)
Dairy Cattle 0.038 38.5 1.02 600
Beef Cattle 0.038 41.7 0.87 400
Poultry 0.028 31.3 2.32 2

Based on TVA (1981) and NAS (1977)
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as to which of these two digesters types is better able to withstand operating

upsets from overloading, excess acidity, and toxic exposure.

4.3 SYSTEN, DESIGN CONSIDERATION

4.3.1 Resource Inventory

Each agricultural entersrise will have a .different combination of
resources aviilable for feeding an anaeroblc digester. This sectlion examines
three types of enterprisc: dairy farms, beef feedlots and poultry farms.

A wide range of plant and animal matter can bhe anaeroblically digested.
Both the sas vields and rates of digestion vary. Gererally materials that are
higher In lignin (e.g., wood and crop residues) are poor feedstocks because
the lignin protects the cellulose from hicterial attack. Pretreatment could
increase thelir gugzeptibility to digestlion. llowever, even then digestion
energy efficiencles generally do not cxceed S0 to 75 percent. Thus, more usable
enetrgy caun be obtained through combustion or thermal gas{fication of these feed-
stocks.,

The best feedstocks for anacroblc d¢lgestion usually are wet biomass
guch as fresh animal manure, various aquatic plants, and wet food processing
wartes such as those that occur 1n the cheese, potato, tomato, and fruit-processing
industries. See Exhibit 4.5 for a summary of the suitability of various
feedstocks for digestion. Exhibit 4.6 details manure and biogas production potential

for dairy cattrle, beef cattle and poultry.

4.3.2 Component Selection

Chapter Three's descriptions of the various components of an anaerobic
digesticn system arec applicable for the cases of both manure and sewage
sludge. Manure systems are often sma’ler in scale and simpler than sewage
sludge systems. The components that wust be specified include digester feed

s8ystems, digester tauks, heaters, mixers, covers, piping and cleaning mechanlisms.
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gas production near areas of energy use. This feature will be especilally
significant at remote sites with high fuel delivery costs.

3) The technology used in blopas cogeneration is largely within
the experience of a seasoned farm owner or sewage plant operator.

: 4) Allowing for short-ternm lags, the timing of gas production will
coincide with fluctuations in eonergy demand.  For instance, If sludge availabilcy
drops of f{ (perhaps as a result of selling some livestock), both sludge pumping
and sludge heating requirements will decllne immedlately, followed a short
time later by reduced gas productisn and hence less energy availabilicy.

Finaily, within the relifability limits of the equipment and the
diligence of the maintenance person, bhiogas production is under the sole
control of the owner-operator. Fuel scarcity arising from national or inter-
national events is not a problen.

Biogas can be combusted for cooking, water heating, space conditioning,
refrigeration or lighting (see Chapter 6). It can be used to fuel engines to
produce mechanical power, or engine-pgencrators to nroduce electricity (sec
Chapter 3). Co-generation, the simultancous production of electricity and
thermal energy, is also likely to bhe cost-effective in many cases. The highest
priority use of the biogas should of course, be digester process heating. This

normally consumes only a small fraction of the total gas generated.

4.4 ENVIRONMENTAL IMPACTS

Anaerobjc digestion of feedlot manure can he considered to be an environ-
mentally beneficlal technology because it is an adaptation of a pollution
control process. The energy product - blopas - is basically a bhyproduct of the
control process, which converts the raw manure (which often represents a
substantial disposal problem) into a more benign sludge waste. Wheré the manure

was used as a fertilizer and sofil amendment, the digestion wastes can subsitute
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for the manure while eliminating some of its drawbacks.

The environmental benefits assoclated with reducing feedlot pollution
are extremely important. The runof{ from cattle feedlost is a source of high
concentrations of bacteria, suspended and dissolved solids, and chemical and
bioiogical oxygen demand (COD/BODY.  This type of runoff has been associlated
with: large and extensive fish k{1l because of oxygen depletion of receiving
waters; high nitrogen concentrations (u pround and surface wiaters, which can
contribute to the aging of stroams and to nitrate potsoning of Infants and
livestock; transmission of {nfectious disease organisms to man, livestock, and
wildlife; and coloring of streams. Other problems associated with feedlots
fnclude attraction of flies and obnoxious odors.

Because anacrobic digestion {s a relatively simple process not requiring
extreme operating conditions or exotice controls, blogas facilities may be
designed for very small (10 cow) operations as well as large feedlots. The
environmental impacts will vary accordingly. For example, recycling of waste-
water may be possible for the small on-farm digesters because of high water
treatment costs.  The product pos from the smaller anits is likely to bte used
on-site and, depending on irs use, may or may not be scrubbed of its H9S and
ammonia (MNiiy) content; the product from very large units may be upgraded to
pipeline quality by removing these pollutarts as well as the 30 to 40 percent
of the COo fraction in the biogas.

The maior problem assocliated with the digestion process 1s waste disposal
and the associated water pollutfon fmpacts that could result. As roted above,
anaerobic digestion 1is basically a wvaste treatment technology, but although ft
reduces the organic pollution conteat of manure lt does not eliminate ft. The
combination of liquid and solid erflucat from the digester countains organic
solids, fairly high concentritlions of fnoreanic snlts,.somo concentrations aof

HaS and MHq, and variable amounrs of potentially toxic metals sueh as boroun,



copper, and iron. For feedlot operations where the manure is collected only
intermittently, small concentrations p:sticides used for fly control may be
contained in the wmanure and passud through to the wiste stream.

A variety of disposal options for the liquid and sludge wastes exist.
Geneéally, wastes will be ponded o allow settling to occur. The liquid, which

18 high tn organic content, can be pumped {nto tank trucks (or, for very large

operations, piped directly to fleids) to be used for irrigaticon and fertilization.
The high salt content and the smill concentrations of metals in the flufe mala
{t necessary to rotate land used tor this tvpe of disposal. Large operations
may cenceilvably treat the water and recvele {v, buk treatment cost may prove to
be prohibitive. Other disposal methods Inelude evaporation and discharge {nto
witer-ways. In all cases, infilltration of wiantewater Into the ground water
system 1s possibility where sofls are porous and unable to purify the effluent
through natural processes. As with virtually all disposal problems of thisg
nature, this s a design problem rarher than a technological one; 1if necessary,
ponds can be lined with clay or other substances for ground water protection.

The organic content of the ef flueat, which varies according to the
efficiency of rthe digester, will represent a problem Lf allowed to enter surface
waters that cannot dilute the efflue:.r sufflciently. Simtlar problems can
occur with organics leached from maur:re storage piles; this problem exists {n
more severe form in the orfginal feedlot operation.

The sludge often has value efther as a fertilizer or cattle faed.
In numerous applications worldwide, the sludge 1s considered a substantial
improvement over the previously used manure fertilizer. In areas where chemlcal
fertilizers are not avaiiable or are too expensive, the retention of the manure's
fertilizer value 15 a particularly critical benefit of the blogas process.

Althouygh the HoS (and relaced compounds) content of the effluent may

present some odor problems, this problei, as well as that of the very small
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pesticide content, should be negligible.

The gas produced by the digester will contain small (iess than l-percent
each) concentrations of HaS and Hiiy.  If the gas {s burned onsite without
scrubbing out these pollutants, combis: ion Will oxidize these contaminants to
sulfur and nitrogen oxides. Bocauae the HHS will form mostly sulfurous and
sulfuric acids, which aro extremely corrosive to metal, the biogas has limited
us> 1f it 1s not serubbed. For example, scrubbing is a requirement {f the pas
Is to be used in an internal combustion englne.  Simple and Inexpenslive scrubbing
methods are available, using an "iron sponge” of ferrie oxide and wood shaviaps
to react the gas with the fron to forw rerric sulfide. However, even if the
ga5 were not scrubbed, the pollutant eancentrations caused by blogas combustion
should be of litrle consequence to public health as long as the combustion did
not take place in a confined arcea.

The major air pollutiaen problem of anaerobic digestion, therefore, is
not from combustion of the product gas, but from leaks of raw gas from the system.
For a manure sulfur content of 0.9 percent and digester pH of 7.2, the raw
blogas can contain HaS in concentrations of nearly 2,000 parts per million
(ppm). Alrthough exposure to this ftnll conceatration scems extremely unlikely,
concentrations of 500 ppm can lead to unconsclousness and death within 30 minutas
to ! hour, and concentrations of 00 ppm to respiratory problems of gradually
ereas g severioy over the conrne o A tew hoara,

Because of rapld diffusion of the gas, health problems assoclated with
HnS exposures are likely to be confined to these occupantional exposures.
However, venting of raw Bas can cause severe odor problems to the general
public. 1In this case, odor problems associated with gas venting should be
compared to the similar (but more certatn) ordor problems associated with the

soretimes haphazard treatment of manure that the blogas aperations replacer.,



4.5 SPECTAL CONSIDERATIONS IN THE EGYPTTIAN CONTEXT

The extensive research programs at the National Research Center and
elsewhere in Fgypt have already indipentized blogas technology to a significant
degree. The technical resources are avallable domestically to undertake projects
of considerable size and technfes] sophistication. As with projects anywhere,
success will depend on demonstrating technical, economle and political feasibilicy,
followed by careful, detailed destgn work, followed in turn by competent and
craftsmanlike construction, shakedown and operatlon.

Speclal considerations in the Fgryptian context would fnclude several
items. First, the lack of prlmary Infrastructure in rural areas {ndicates
that non-grid-connected Llogas svstems serving only the needs of the farm and
surrounding local may be the most practical blogas application. Second, the
prevalence of lecal and waterborne pathogens In the Egyptian environment gives
an Investment in a pataogen-neutralizing anaeroble digester a highly favorable
socfal significance. Third, and on the same sub ject, thermophilic (high-
temperature) digestion neutralizes a larger number of pathogens than does
mesophilic digestion, making 1t the process of choice from the socletal point of
view. Finally, anacrobic digestlon is a sophisticated enough technology that
system operators will need regular access to expert trouhlshooters to correct
problems as they develop. An extension service that gives operators easy access
to NRC, University and ather trained personmel will be an {mportant contribution

to any project's success.

4.6 CURRENT R&D THRUST FOR BIOCAS TECHNOLOGY

4.6.1 Egyptian R&D

Most Egyptian R&D 1in the area of blomass energy emphasizes biogas
production although research on improving design and efficiency of woodstoves

and the development of small gasifiers Is also underway. The most intensive
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brogas R&D involves the development of low-cost digester designs.

A national demonstratlon project for the development and application of
village-scale digesters has bheen undertaken by the National Research Center
(NRC) since 1979. At present there are about 45 field demonstrations, most of which
are.household units, along with 4 larger-scale units constructed in conjunction
with livestock operations. Both lahoratory and pilot scale testing involving
modifled Chinese and Indian digester designs are being conducted utilizing
cattle manure, agricultural residuecs and water hyacinth. The goal of this
research i{s to demonstrate that appropriate blogas technology fis technically,
socifally and economically feasible in rural areas of Egypt.

The facultles of Agriculturs in Fayoum, Minla and Assuit are currently
conducting research, in conjunction with the Faculty of Engineering, Cairo
University, involving an Inteprated renewable energy system which includes
wind, solar and biogas energles.

In other research activities, anaerohic digestion of mixtures of cow
dung, sewage and agricultural wastes at different ratios, organic loadings and
temperatures are being examined. The effects of precomposting, digestion, and
post-composting on the survival of bacterial pollution Indicators and pathogens
are also being Investipgated. Since most dipesters operate at below 10 percent
solids, R&D on high-loading digesters and the use of recycle is also being
undertaken.

According to the Egyptian natlonal strategy, an attempt will be made ron
establish 400,000 digestion units by the year 2000, including 25,000 large-scale
units. In constructing these units, the constraints of lack of space for
digester installation and the insufficlient number of animals owned by a large
nuaber of rural familfes will be taken fnro consideration. It 15 estimated
that 6 percent of the total rural caergy needs and a sipnificant portion of

fertilizer requirements can be met vith this program.
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EXHIBIT 4.8

PRESENT BIOGAS UNITS IN EGYPT

[ Executing [ System | Size Date of ]
No. | Agency ( Site ; Desipn ! m3 Construction ; Status
1 !F}A Fayyoum Fayyoum IChinese 10 1978 } N/0
2 !F/A Fayyoum ]Abu Gandeer leh tnes l 10 | 1980 I Irree.
3 |ARC [Moshtuhor [Chinese | 45 | 1980 | Irrey.
4 ]ARC |Moshtuhor [Tndian | 10 | 1980 | oper.
5 JARC |Moshtuhor ITndian | 6 | 1980 | Oper.
6 |ARC |Moshtuhot ITndian | 38 | 1981 | oper.
7 |ARC [Moshtuhor Tndian | 8 | 1980 | oper.
8 |ARC IToukh ]Indlnn I 8 | 1981 | Oper.
9 JARC | Toukh [Indian 7 1981 | oper.
10 |ARC | Toukh | Indian ] 8 | 1981 I Oper.
11 |ARC |Embaba [Chinese | 10 | 1981 | Oper.
12 |ARC [Embaba |Tndfan | 20 | 1951 | oper.
13 |ARC [Embaba | Indian | 17 | 1981 | oper.
14 [ARC |Embaba | Tndian | 10 | 1981 | oper.
15 |F/d Alexandria |Embaba [Tndian | 8 | 1981 | u/c
16 |Owner |Beheira | Tndtan I8 | 1981 | u/c
17 |NRC |Beheira [Chinese | 10 | 1979 | N/0
18 NRC Behelira Chinese 6 1980 Worked
8 mos.
19 NRC Beheira Pressurized 7 1981 Oper.
Indfan
20 | NRC El-Menawat Modified- 10 1981 Oper.
Indian
21 NRC El-Menawat Modified- 10 1981 Oper.
Chinese !
22 INRC Omar Makram Modified- 8 1982 Oper.
Indian
23 |NRC Omar Makram Mod{fied- b6 1982 Oper.
. Indian I
24 NRC Omar Makram Modifiled- 10 1982 Oper.
Chinese




The arable land in Epypt comprlses 4% of the total surface area‘of the
country. Therefore, 1t is unlikely that bio-energy production will have asg
much influence in energy applications as in countries like Brazil. However, the
fact that Egypt currently utilizes biomass to meet one—third of its energy needs
{1lustrates the potential contribution of hio-fuels.

In Egypt, the use of agricultural residucs and animal wastes 1in energy
Systems consists primarily of burning {n open flire gtoves, and mud ovens, etc.,
for cooking and heaiiug. These processes are inconvenient, thermally inefficlent
and mav pose heaith hazards due to heavy indoor concentrations of smoke.
Consequently, people in rural areas often switch to kerosene or butane stoves
whenever they can afford to do so. The present ways of handling, storing and
burning biomass are not only wasteful but also pose serlous threats to the
ecological balance.

It has been estimated that the utilization of crop residues already used
as cnergy sources and animal and human wastes avallable {n Egyptian villages to
produce blogas, could provide the major portion of residential encrgy requirements.
That Is, blogas could substitute for all noncommercial energy gources including
kerosene and butagas. Further, an additional amount of organic fertilizer
equivalent to more than 12 M rons of manare would be produced, which would
otherwige be lost through the direct burning of crop restdues and dung cakes.

As stated earlier, most of the developnent activity in Egypt is oriented
towards blogas production. Exhibilt 4.8 presents existing Egyptian blogas
units. Most digesters installed to dure fn developing countries have gerved

individual fam{lies and have used human or anlmal wastes ag feedstock.

4.6.2 U.S. Government R&D

In the United States, the Federal Government during the past decade has

{niriated numerous programs to foster the development of blomass energy. Thircy-
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towards energy conversion and conservation to support future development {in
energy-related biotechnelogy. BER focuses on comprehending biological principles
and mechanisms rather than the development of speciiic technological processes.

One of che objectives of the BER subprogram i{s to provide the (biological)
founaation of basic information ror the Department's efforts for production of
fuels and chemicals, microbioloyical transformation of organic materials for
conservation, and using bilological systens for resource recovery. The program
has two facets, botanical investipations and microblologlcal studies.

The plant science rescarch fncludes: photosynthetic energy conversion;
limitations of green plant productivity; adaptability for growth and productivity
of plants under conditions of cuvironmental stress; the biological regulatory
processes which determine how plants syathesize and distcribute reduced carbon
compounds both quantitatively and qualitatively; and the biochemical expression
of genetic information. Emphosis ts also placed un other topics related to
comprehending plant productivicy for fuels and chemicals.

The microblolopical rescarsh inecludes studies on anaerobic microorganisas
involved 1ir fermeatations, Including methanogenesis; thie blochemical pathwayvs
of degradation cf abundant substrates, such as cellulose, hemicelluloses and
lignins; and the genetlics of anicroble microorganisms. Such phenomena as
thermophily, end product inhibfcion, and other regulatory aspects of fermentations
are alsn glven emphasis. Microbial depgradation and conversion mechanisms
fovoelving hydrocarbons and other carbonaceous fuel or chemical materials are
consldered.

4.6.2.3 Office at Industrial Programs

The Office of Industrial Programs (OIP) at the U.S. Department of Energyv
supports R&D for Industrial enerpy conservatlon technologies that have the
rotential for saving scavce fuels, anld encourayes private industry to ifmplement

these technologics. Technical abicctives of OIP include (1) developing innovative
£ J ping
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processes and technologies which advance the state—of-the-art of industrial
processes, (2) accelerating development of high-risk, high~payoff technologies
to ilmprove energy producriviiy, (1) utilizlng the energy embodied in waste
streams, (4) improving utilization of waste materials as wall as better
atiltzation of new materfals, sud (95) developing processes which increase eneryzy
savings and/ur shift fuel consuaption from scarce to more plentiful resources.

CIP has supporced the developuent of seven energv-lategrated farms
deslgned to cembine dlverse ou—-sitoe cneryy sources and provide continuous
energy, reducing the farm's dependence oa energy produced from nonrencwable
resources. A number of different Biomass processes are used on these farms,
{ncluding production of ethanol f(rom sweer sorghum and milo, methane generation
from nanure by anaerobic digestion, and subs2quent genaration of electricity
from the methane.

4.6.2.4 Biofuels and Municipal Waste Technology Division

The objectives of the Blofuels and Municipal Waste Energy Technology
Division (BMWT) at the U.S. Department of Energy are to provide a generic
techuology base {or blomass energy production and conversion to reduce uncercainty
to che point where industry will fnvest In blomiss technolopy development, and
to establish the feastblility of bfomass technologles that Increase feedstock
supply withcut adversely affecting the supply and prices of food and fiber.
Specific technical objectives are to increase blomass feedstoc's productivicy by
factors of 2 to 5 over current »lelds cthrough specles screening, genetlic improve-
ments, and innovative agronomic practices; establish the technical feasibility
of aquatic specles and bilolnglanl hydrogen as economical sources of blomass
feadstocks; and improve the performance of conversfon processes through advanced
research of fundanental reaction mechanisms and kinetics.

Current research efforts, wanarsed by the Solar Energy Research Institute,

are being directed toward the digestion of agricultural residues that are

;.
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lignocellulosin and difficult to digest by other biocherical means. Pretreatment
of these feedstocks, anaeroble bacteria strain selection, and nutritional

factors that may improve the methane-producing capablility of the cultures are
being examined. The microbiolopy and biochemistry of digestion cuitures and

the genetic manipulation of bactariz in the methane production cycle are also

being studied.

4.6.3 VWorldwide Experience Using Biopas Technology

During the past five vears, significant advances 1in biogas production
technologies have been made. Many of these developments lmmediately pertain
only to large-scale, municipal-type digesters found in urban areas. However,
the developing countriley have taken an especially large interest in bilogas
production since they are largely rural and thous often have abundant animal and
crop wasts available for digestion. One of the most extensive blogas programs
{s that of India. Thirty years of R&D has resulted in an accumulation of useful
information and data, especially regarding digestion of cow manure. Several
Institutions have played a ma jor role in this program: Indian Agricultural
Research Institute, New Delhi; the Fhadi and Village Industries Commission
(KVIC), Bombay; the Gobar Gas Research Statlon, Ajitmal; and the Planning
Research and Action Institute, Lucluou. Biogas plant designs published by RVIC
utilize concrete tanks and f{ulct and outler basins, with floating gas holders.
These single famlly units have no punmps, motors, mixing devices or other moving
parts and digestion occurs at aumbient temperatues.

Also operating in India, 1is a larger scale plant managed by the Bharatya
Agre Industries Foundatlon that produces 340 cu.m/day using diing from a
cattlebreeding operation. A community plant has also heen installed in the

village of Fatah-Singh-Kapura by the Gobar Gas Research Station. The plant

operates successfully on dung supplied by the villagers, providing cooking gas,



village lighting, water pumping and grain milling. Several other community
biogas plants are being installed throughout India since these large-scale
community systems have potential of belng economically advantageous.

The Orgarization of Rural Developmer: in the Republic of Korea has
insgalled 25,000 digesters. However, scvere winters and non-cattle-based
econcumy have adversely affected this program. A major campaign was conducted
from 1969-1976 that encouraged the coustruction of biogas plants that digest
both animal and human wastes.

Growing interest in Pakistan has resulted in the construction of
approximately 100 biogas plants. Low winter temperatures and the high cost of
imporced stecl for fabrication of gasholders has generally restricted the
program. The Appropriate Technology Development Organization of Pakistan has
recently undertaken design and constructlion work on low priced, 10 cu.m-capacity,
fixed gasholder digesters based on Chinese technology

There also Is an Increasing {aterest in biogas systems in the Philipines,
especially with respect to pollution control and the associated public health
benefits. The National Institute of Science and Technology has installed units,
including 48 digesters (22 zu.m each) at an integrated agroindustrial complex
of 7,500 hogs. The resulting gas is used as fuel for canning, rendering,
cooking, electricity generation and deep-well pumping.

Biogas utilizacien in Thailand has increased rapidly over the past several
years with 225 units now operating. Plans call for the installation of 50
digesters every year. Plants have also been promoted by the Agricultural
Economic Department, the Sanitation Division of the Health Department and the
Applied Scientific Research Corporation. The majority of systems presently
focus on waste treatment rather than energy production.

Although Indonesia has anly 12 opcrating blogas plants at present,

numerous experiments are undergoing evaluation with respect to reduced constructior



costs.

One of the most extensive programs 1is that of the People's Republic of
China, with the reported installation of seven million plants. The destruction
of bacteria cointained in the waste 1s stressed s¢ that the digester residue can
be s;fely applied to crops as fertflizer.

At the end of 1984, over 50 on~farm biogas systems were operating in the
U.S. and nine were operating in Canada. Most of these systems utilize a cattle
manure and Integrated farm systoems are growing in popularity. In Europe, with
typically higher populaticn densities, 500 on-farm systems were operating at

the close of 1984,
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5.0 ENERGY FROM MUNICIPAL SOLID WASTE

5.1 OVERVIEW OF PROCESS OPTIONS

The conversion of municipal solid waste (MSV) to energy 1s a time-tested
and well-developed concept. Several different types of technologies exist to
recover energy and materials from muricipal solid waste.

Municipal solid waste reduction technologles can provide a range of
outputs, depending upon the system and opcrational requirements. Power output
can be methane gas, or high or low pressure gteam to provide heat or mechanical
power. Output can include electricity for process use or for sale to the
electric grid.

Most of the waste conversion technologies discussed here are used to
provide steam, which can provide heat or mechanical power for processes.

There are five major categories of waste conversion technologies available
in the markct. These are (1) mass Incineration; (2) source separation and
incineration; (3) refuse derived fuel; (4) anaerobic digestion of municipal
solid waste and (5) land f1i1l1 gas. In general terms, the major differences
between these waste conversion technologles concern:
the quantity and make~-up of wastes Fandled;
capital and operatin; costs;

on-site energy requiremeunts; and
end products.

W N
e e 4 e

5.1.1 Mass Incineration

Mags incineration technologies are designed to burn raw, unprocessed
waste. The mass burning system is a well-established, commerclally developed
systen In which waste is fed to the combustor by a hydraulic ram or gravity
chute. The output from mass {ncineratlon systems 1s thermal energy, in the form
of steam, and/or recoverable waste. Systems can also be designed to provide

electricity.
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5.1.2 Source Separation

An alternative to mass incineration 1s to sort the waste prior to burning
i1t. The sorting process can remove ferrous metals, aluminum, glass, and other
valuable and non-combustable materfals. The waste can also be shredded to
improve the evenness of burning. Source deparation and preprocessing of the
waste lmprove the burn, reduce boiler maintenance, reduce the quantity of ash
to be disposed of and recover valuable recyclables. However, separation and
other preprocessing add significantly to both the construction and operating
costs of a plant, making the operation more complex and vulnerable to additional
opevating problems. Like magu Inctaeration, this process produces steam or
electricity as one of its products.

5.1.3 Refuse Derived Fuel {(RDF)

Refuse derived fuel (RDF) 1is processed municipal solid waste.

Tha principal advantage of RDF over raw waste is that it is more combustible,
transportable, and homogenecous (see FExhibic 5.1).

There are four types or RDF: fluff, densified, dust, and wet. Fluff RDF
consists of small sized particles with a very low quantity of inert material.
Densified RDF 1s fluff RDF mixad vith binders, and then compressed into small
pellets or briquettes. Dust ROF consists of fluff RDF mixed with embrittling
agents, and then reduced. Wet RDF 1ig made by mixing waste and water in a wet
pulper to a slurry; nonpulpable material ig removed; the pulped material is
further separated and dried.

FDF is typically 50 to 75 percent (by weight) of the incoming waste.

RDF 18 produced from municipal solid waste through a series of processes includ-
ing size segregation, =size reduction, removal and recovery of inert materials.
The equipment required to process waste into RDF depends upon the type of RDF
being produced. The more processing involved, the greater the production

costs.



EXHIBIT 5.1

COMPARISON OF ENERGCY VALUES OF MUNICIPAL
SOLID WASTE AND CONVENTIONAL FUELS

Energy Values

“Energy Source (kJ/kg)
Municipal Solid Waste (MSW) 1G,500
Refuse Derived Fuel (RDF) - Fluff 11,500 - 14,000
Refuse Derived Fuel (RDF) - Dust 18,000
Peat 7,500
Wood 10,900
Lignite 16,400
Sub-bituminous B 23,800
Anthracite . 25,800
Bituminous - Hi Volatile B 28,400
Bituminous - Volatile 33,600
#6 Fuel 011 42,400
#2 Home Heating 01l | 45,500
Methane 55,500

Source: EPA, 1979
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There are two technologies capable of using RDF: co-fired boilers and dedicated
bollers. Each of these systems has a smaller furnace and boiler size than mass
incineration systems, due to the higher heat content of RDF. The maintenance costs
asgociated with these systems tends to be lower than that of mass burning systems
because of the higher qualfty of the refuse.

Co-fired systems use refusc-derived fuel to provide a portion of the
energy input of a fossi{l fucl-fircd combustion system. Such Bystems use two
fuels, refuse-derived fuel and « comnercial fuel (generally coal). Co-fired
systems can produce high-temperature, high-pressure steam suitable for most
industrial processes.

Dedicated boflers are desipned and constructed to accept RDF as the primary
fuel. The dedicated bofllers produce higher-temperature, higher-pressure
steam than mass {ncineration systems. Co-fired systems, owing to their use of

commercial fuels, produce high-r-pressure, higher-temperature steam than dedicated

bollers.

5.1.4 Anaerobic Digestion waﬂgg(gigq}_ﬁglyij§§tes

As an alternative to incinerating municipal solid waste, several facllicies
have explored anaerobic digestion as a means of stabllizing waste. The anaerobic
digestion process is aimilar to that used for stabilizing sewage sludge:
material {s fed into an oxygen-free, ciosed container where acid producing
bacteria initfally break down the organic component of the waste and methane-
producing bacteria transform the acid products into usable methane gas. Muni-
cipal solld waste must he cxtensively pretreated prior to introduction into a
digester. The waste must be ¢arted to remcve non-organics such as glass and
metals and shredded to ensure that only small waste particles enter
the digester. Large or inert waste particles inhibic complete and rapid
digestion.

There are a few full-scale municipal waste digestors in operation, but
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the process has not yet gained widespread acceptance. Research on improved

process and hardware designs 1is currently being pursued.

5.1.5 Landfill Gas

Anaerobic digestion and methane production occur naturally in many
large landfills where the waste is layered to depths of 15 meters or more. The
methane produced at these depths can be tapped by drilling a series of
collection wells that channel gas to the surface for central collection,
scrubblng, compression, and uge. This process requires a minimal hardware
investment when compared with controlled anaerotic digestion; but 1t is a less
reliable source in the sense that each collection well taps a finite reservolr
of gas that is difficult to characterize precisely in advance.

Landfill gas 1s often collected and flared for safety and aesthetic (odor)
reasons. If this is already done at a landfill, then {t may be a simple matter

to use the gas constructively instend of flaring 1it.

5.1.6 Pros and Cons of the Options

An evaluation c¢. the different municipal-golid-waste-to~energy conver-
sion options requires an assessment of resource availability, market readiness,
economic viability, and operating experience.

5.1.6.1 Resource Avatlability

Egypt has a population of 45 million people, with most of the population
living in a densely packed strip aloung the Nile River. This high population
dengity ensures that a sufficient quantity of waste is available. The collect fon,
transportation, and preparation of this waste will require an infrastructure
that fn cuvrvently efther (nadequate or not In place.  The development of this
{nfrastructure 13 a necessary prerequisite for municipal solid waste energy
conversion 1n Egypt. At least two cities are viable sources, Calro and

Alexandria. The Cairo area gencrates about 4200 tons of municipal solid waste
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per day. It is estimated that 1500 tons per day are currently collected and
recycled for other uses. The remaining 2,700 tons per day represent a signifi-
cant repource which can be converted to energy.

The city of Alexanliria generates approximately 1,700 tons of municipal
solid waste per day, of which 700 tona per day are collected and recycled for
other uses. Thus, there {5 a siganlficant potential for energy from the remaining
1,000 tons per day.

The existing waste collection systems of both citieg are inadequate. In
Cairo, it is estimated that 30 percent of the garbage generated is left on the
gstreets. Larger truck fleets will he required Iin both citles te {mprove the
collection of municipal waste as well as improve the viability of converting

thig waste to energy.

5.1.6.2 Market Readiness

The availabflity of waste reduction technelogies in the market {is depen-
dent upon the state of development and degree of successful commercialization
for each of the technology types. Most of the systems discussed here are either
in or beginning commercial operation.

Mass Incineration -- Mass incineration of municipal solid waste in
refractory, modular, and waterwall syatems 18 currently Iin commercial operation.
This technology has been widely used in the United States, Europe, and Japan.
Source separation prior to incineration ig a fairly recent innovation that has
been commercially implemented 1in only a few locations.

Refuse-Derived fuel -- Both co-fired systems and dedicated refuse-derived
fuel boilers have been in commercial operation since 1972 in the United States.
More widespread use of refuse-derived fuel systems has occurred iIn Europe.
Earller systems were plagued with reliability problems. Systems built more

recently have incorporated design changes to reduce thege problems.



Anaerobic digestion -- While this process has been successfully demonstrated,
it has not yet been commerciallzed to a significant extent. The largest plant
in the U.S. has & capacity of 100 tons per day (Pompano Beach, Florida).

Landfill gas -~ More than sixty U.S. cities currently collect
lan&fill gas for constructive use. The technology is well established. The
viability of individual projects depends to a great degree on the methane

resource available a each site.

5.1.6.3 Economic Vliability

The cost of a municipal solid waste reduction technology is dependent
upon several factors, Iincluding: the technology type; the system size; the
output; and the quality of refuse burned.

In general, modular systems tend to be less expensive than custom buillt
systems in the small size range (<100 tons/day). The economics of ircineration
systems are also dependent upon the level of waste preprocessing. Pre-processed
wanle doen nob requlre cxpeonntoe Saoplant fuel processing gyatemy Lo remove
non-combustible materials.

Installed capital costs for these systems 1ig dependent upon pre-processing
equipment, system size, gite specific requirements, and many other factors. In
favorable circumstances municipal solid waste conversion systems can be Installed
for $20,000/TPD, but systems can easlly cost $150,000/TPD and more. The ecornomic
teasibility of municipal solid waste reduction should be determined on « per-

application baslis.

5.1.6.4 1Indusgtry Status

Many of the companies working in this field ar large and well—~established,
while others are relatively new businesses. the larger companies (GE, Babcock
& Wilcox, Combustion Engineering, among others) are international in scope with

a broad range of products and services including maintenance and service contracts,
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and in some instances, financing.

Municipal solid waste-to-energy conversion technologies have been in
existence for over 50 years. The technologlical sophistication of these systems
hag Increased dramatically over this time period, partlicularly in the last 15
yeaés.

The combustion of waste In large waterwall incinerators or in small scale
modular systems are the most techi~loglcally developed techiclogies to date.
Although these technologies have reached commerclalization aand others are

emerging, there is still research being conducted for the purpose of minimizing

emissions and improving system cconomlcs.
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5.2 MASS—-BURN TECHNOLOGY DESCRIPTION

Mass~burn incineraticn 18 the best established of the technologies
available for converting munlzipal solid waste to usgable energy. Several typeg
of systems are on the market, fncluding refractory systems, waterwall systens,

and modular units. The flrst tuo systen types mentioned are oite built plants,

while the modular units are usually prefabricated aud shipped to the site.

5.2.1 Site Built Systems
5.2.1.1 Refractory Systems
The refractory-lined mass {nclneration system has a heat resistant coat-

ing, or refractory lining, {u the combustion chamber that decreases heat transfoer

to areas outside the Inciuerater. This lining protects 1ts outer shell from
extreme temperature changes. The refractory-lined combustor does not recover
energy in the combustion chamber. ot combustion gases leave the chamber to an

auzlliary heat exchanger or waste heat bofler where the heat energy s
recovered (See Exhibit 5.2).

Refractory technologies require large volumes of combustion air to prevent
furnace components from overheating. The major drawback of such a system 1Is
that these larger air volumes carry more particulate emisslons. Control tech-
nologies for air pollutior add cons iderably to the capital and operatlng cost of
these systems.

The quallty of the municipal solid waste affects both the design
and required maintenance for a system. Higher quality waste which costs more
to process, requires less malntenance and a smaller combustor than a system

uslng lower quality MSW.

5.2.1.2 Waterwall Systens
The second mass incineration technology is the waterwall system. Tn the

waterwall Incinerator, the walls of the furnace are lined with tubes of circulating
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control, and disposal of pollutants emitted as a result of the combustion of
municipal wastes. Materials rescarch is conducted to better ensble {dentiflcarion
and analysis of liquid and gaseous fuels produced frowm municipal sclid wastes

with the aim of assessing possible alternative uses and proceasing of such

fueis. Feedstock preparation efforts entafl the research into concepts of
developing better methods of handling and processing municipal solild waste in
additlon to studying innovative wvays of processing waste into different forms

of refuse-devived fuel (RDF).

Part of the envirommental roesearch effort includes an evaluation of
combustor stack emission control technalogies. The objective is to obtain
detafled data on the ddentity and qeantity of major envircnmental povclutants
emftted durlng the combustion of muafcipal solld waste in large-scale mass
burners and small-scale modular m s buraers and to test and evaluate control
techneologies that can be used for pollurfon abatement in solid waste combustion.
The testing will provide a data base for Judping the effectlveness of electro-
static precipitators and baghouses. Tes. results from modular units not using
a control technology would provide a basls for decisions by regulatory agencies
on the problems presented by such unlts. Tdentification of new control tech-
nologles will be made and a data base on their effectiveness compiled for use
on municipal solid waste combustors.

The disposability of MSW combustor ash 1s also being
examined. The objectives of this task are to determine the long term storability
of combustor char in conventional landfills and to develop low-cost processing
schemes to significantly enhance this storabllity. Detalled data will be gensrated
on the chemical and physlcal stace of munfcipal solid waste combustor ash and
on the leachability of heavv metals frem the ash. Processing techniques which
would enhance the safe disposal of the ash will also be tdentified.

Also being explored are the varifations in flux of gases through cover of

I~
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The objective 1is t¢ develop innovative powdered and densified fuel (RDF) concepts
for the processing .7 waste which can produce fuels of desired quality, at

lower cost, and with greater consistency than the RDF fuels that are currently
available. 1In addition, tbe fuel should be easily transportable and stable

undér long-term storage cond?tions. Activity 1s underway to provide the neces-—
sary fundamental knowledpe of varlous unit process operations specifically

suited for the handling of municipal solld waste. This will be accomplishcd by
the development of mathematical models and design equations. This activity

will provide a fundamental knowledge of the unit operations of dige screens and
shear shredders and will provile the data base for use in the systems {ntegration
modeling effort. Finally, work 1s beind done to develop a computel modeling
program that will allow designers of MSW processing systems to select the

proper processing equipment and to scquence this equipment into an integrated

RDF production systom in the most cconomical and reliable manner.

5.6.3 Other R&D

European mass~burn MSW incineration technology 1s highly advanced and
work continues at a rapid pace on efficlency, process, and environmental problems.
New grate designs, mostly propr'etary, continue to be developed and marketed.
Alr pollutant mitigation technologies are being tested in combination to improve
emissions Iin both new and existing facilities. Much of the most advanced work

{8 German and Swiss.
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EXHIBIT 5.3

CROSS SECTION OF TYPICAL WATERWALL MASS INCINERATION FACILITY
SOURCE: WASATCH FRONT REGIONAL COUNCIL, 1981
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EXHIBIT 5.4

CROSS SECTION OF A ROTARY COMBUSTOR SYSTEM

SOURCE:

WASATCH FRONT REGIONAL COUNCIL,

1981



water. The water acts as a coolant and the heat transfer medium. The tubes
are usually lined with a refractcory coating to protect them from high tecperature
sorrosion and erosion from alr-entralned particles (See Exhibit 5.3).

The waterwall {ncinerator requives less combustion aiv than a refractory
system because the circulating waiter conls the furnace. The decrease in air
requirements allows for a smaller incinerator and fewer emissions.

The heat recovery ertictfensy of a waterwall incinerator 1is usually higher
than that of a refractory unit. The stean generated by a waterwall unit has
higher teaperature and and higher preusure, thus of fering a broader range of
potential industrial appplications.

Continuous teed Ilncineratars often use a recliprocating grate system to
move the waste through the combustion chamber and remove the ash after burning.
Arranged like descending steps, the grates move horizontally to push the waste
down and through the combustion area a step at a time.

The rotary combustor svstem fs a vaterwall system, in that the combustor
is water-cooled, but with a major operational difference. In this system, the
combustor grate, which 1s Inclined, rotates (Sce Exhlibit 5.4). The advantages
of this system over the reciprocating grate system are that it has e higher
efflclency and a lower malntenance cost. The higher efficiency can be attributed
to more effective agitation iu the combustion chamber from the rotation, resul-
ting in more complete combustion and heat transfer. The lower maintenance cost
18 due to the absence of traveling grates and refractory linings.

The rotary combustor is generally more expensive than the waterwall {ncin-
erator of comparable size. It {s best sulted for systems up to 300 tons per

day (TPD) of input capacity.

5.2.2 Modular Systems

Modular combustion units for mass Incineration are pre-fabricated for
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5.3 SYSTEM DESIGN CONSIDERATIONS

A great number of factors must be considered when planning a municipal
g8olid waste energy recovery inc!neration project. These include the applications
for energy that is produced, the resource inventory and its characteriscics, site
gselection, collection and pPre-processing of waste, the specifics of the combustion
Bystem, an economic analys!s, environmental {mpacts, future technological

developments and speclal considerations in the Egyptlan environment.

5.3.1 Energy Applications

Munlcipal solid waste Inctnerators produce energy in the form of steam
which has a varlety of uges. Medlam pressure steam may be used for industrial
process heating or district heatine aad cooling, while high pressure stean can
be fed through a turbine for converston to electricity.

Revenue aqcerulng from the sale of energy produced by waste fncinerators
is always a secondary jJustificatlon for undertaking such a project. Thisg
revenue improves the econonlc viabllity of technologies whose primary purpose
1s to dispose of waste in a gafe, aostheric, responsible, and cost-effective
manner.

5.3.2 Resource Inventory and Cgigigﬁgfization

A waste stream analysls :5 & crucial step in designing a municipal solid
waste incinerator. Its quantity, compogition, characteristics and seasonality
affect both the physical design aund the economic viability of a project.

Solid wastes may be inftd{ally classified by source, 1i.e municipal,
industrial, wastewater/sewage sludge, apgricolrural, mining or miscellaneous
waster. Municipal solid waste: are gencrated by residences, retail and whole-
sale outleta, office buildings, and Institutions. TIndustrial wastes from a
variety of manufacturing projects contaln a hazardous component (10%~15% in the

USA) and a larger non-hazardons component. Sludge from water and sewage treat-
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ment plants often has a high moisture content. On a country-wide basis,
agricultural vastes, including residues from crop growing, harvesting and
processing, meat, poultry and dairy products usually comprise the largest
portion of the wastes generated. Minling and milling tailings usually rank
second in total weight. Generally, only municipal solid waste, selected indusg-
trial wastes, sewage sludge and certain miscellanequs items are considered
appropriate incinerator inputs because they are more centralized in urban areas,
reducing transportation costs.

Further steps in a waste stream analysis include assessments of gross
discards, quantities diverted, processible discards, waste composition and
characteristics, and seasonality.

Gross Discards: This 1is the measure, preferably in units of weight,
of all of the garbage normally collected within the area being studied. In
the United States, this number, while steadlly increasing, 1s presently about
1.7 kz/person-day in urban/suburban areas. In urban areas of Egypt, this number
is probably 50% smaller.

Quantities Diverted: A portion of the waste stream is of ten reclaimed
or recycled because of its high relative value. In the United States, aluminum,
high grade paper, glass bottles, tires and ferrous metals are often separated
from other wastes for re-use. 1In Egypt, a significant fraction of total wastes
are channeled into re-use by professional garbage pickers.

Processible Discards: Gross discards minus quantities diverted yields
processible discards, a measure of the load faced by the incinerator. 1In the
United States, this is usually found to be roughly 90%-95% of gross discards.
For Egypt, the percentage flguce is l{kely to be lower.

Waste Composition: The composition of the waste stream will have a
significant effect cn the quantfticy diverted for recycling and the sultability

of Incineration as the means of redurtion of processible discards. Each
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six distince programs, representing nine departments, six independent agencies,
an office in the legislative branch fung blomagg energy research § development.
The main emphasig of Federal biomggy R&D {5 in applied rescarch and engineering,
which fncludes activities relagud to duveloping feedstock production angd
convnrsion technologies from the conceptual Gltage through establishing technlcal
feasibility. The programs Iavolved {4 pep exhlIbit a broad range of interegtg
concentrating op five feedstock product{on cateporieg (woody, hetbaceous,
dquatic, waste~derived, and environmuntnl) and fiye convers{on technology
Categories (direct combustion, hiocheminul, thermochomical, photobiological,
and environment),

4.6.2.1 Agricultural Researen Service

Agricultural Regsearch service (ARS) within the U.5, Department of Agri-
culture administerg research and developmant Programs In animg] and plant
Production; the use and improvement of sol1, water, and alr; the processing,
8torage, and distribution of farnm Products; foed safety; and Consumer gervices,
Research {g applied to 4 wide range of goals, commod{ties, natural Tesources,
flelds of Sclence, and Beographic, climntic, and environmental conditions.
Biogas—re]ated research activitieg Include:

0 production of Crops for hiomagg enargy feedstocks;

o hydrocarbon~producing plants ag potential multi-uge crops;

o chemical, microbiological, and enzymatie biomags conversion;

o energy-saving methods for fecovery of ugable pProtein fronp alcohol qr
methane fermentation media;

0 biomagg harvesting and Pracessing; and

0 methane generation apd utilization.

4.6.2.2 Biological Encergy Research Divigion

The Biological Enerpy Research (BER) Program ac the U.s Department of

Energy wag established tq conduct fundamental studies 1np blology oriented
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EXHIBIT 5.6

NET QUANTITY AND COMPOSITION OF POST-CONSUMER RESIDENTIAL
AND COMMERCIAL SOLTD WASTE BY TYPE OF MATERTAL, 1978 (U.S.A.)

Net Waste Disposed of

- Quanticy
Material Category (Millions of Tons) X of Total Waste
Paper 41.3 29.7
Glass 14.8 10.7
Metals 13.3 9.6
Ferrous 11.6 8.4
Aluminum 1.3 0.9
Other nonferrous 0.4 0.3
Plastics 5.8 4,2
Rubber 2.9 2.1
Leather 0.5 0.4
Textiles 3.4 2.4
Wood 4.8 3.4
Total nonfocd product waste 86.8 62.5
Food waste 23.4 16.8
Yard waste 26.6 19.2
Misc. inorganic wastes 2.1 1.5
TOTAL 138.9 100.0

Source: EPA, 1981



EXHIBIT S5.7a

DENSITIES OF REFUSE AND ASSOCIATED MATERIALS

Material

_-Densityhi}b/cu yd)

Loose refune, no proceusing
Refune from g compactor truck, after dumping
Refuge in compactor truck

Shredded refuse

Refuse baled in paper baler

Resuse in landfi1]

Dry ash residue

Wet ash residue

Processed Materialg
Ferrous cansg (flattened)
Alumin m cans (flattened)
Mixed glass, minus 5/8" cullet
Mixed glass, minus 2" cullet
Baled shredded paper bundles

100~-200

350-400

500-700

600-~900

800-1200

500-900

1080

1350

800-900
250
2300
1000
750

Source: EPA, 1981 Note: 1 1b/cu yd = 0.58 kg/mJ
EXHIBIT 5.7b DENSITIES OF PURE REFUSE COMPONENTS
Specific Density
Component Gravity (1b/cu fr)
Aluminum 2.70 168
Carboard 0.69 43
Glass 2.50 156
Paper 0.7-1.15 44-72
Steel 7.70 480
Wood 0.60 37
Plastics
Acrylic 1.18 74
ABS 1.03 64
Polyethylene 0.94 59
Polypropylene 0.90 56
Polystyrene 1.05 S
pPveC 1.25 78
Source: EPA, 1981 Note: 1 1b/cu ft = 16 kg/mJ
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EXHIBIT 5.8

TYPICAL CHEMICAL COMPOSITION OF MUNICIPAL REFUSE COMPONENTS

Refuse Coaponent

Nevepapers
Brown paper

Magirine paper
Corruga“ed boxes

Plastic costed paper
Wared wilk ca.tona
Paper food cartons

Juonk mati
Tlrsue paper
Cardboard
M{acellaneous paper
Vegetable and food vaantes
Cirrus rinde, seeds
Meat scraps, coored
Fried fats
Carbage
Leather
Ruboer Composition,
heel, sole catch
Plaatics
Average
High
Lov
Polyethylene
Vinvi
Plastic filun
Mized, from auntcipal
refuae, contaaloated
with food waste
Other plastics, rubber,
leather
Pafnts, ofla
Vacuua cleauers
Evergreen trizmtngs
Flower, gavden plants
lawn grass, green
Ripe treas leaves
Softwood, piae
Harawvwod, oak
Wood

Gras and dire

Raygs

Textiles

Dize

Glaas bottles

Glassa, stones, ceramics
Metal cans

Metals

C(1)

(ULTIMATE ANALYSIS)

49.14

44.90

32.91
41.73

45.30

59.18

8.0
$6.0
55.8
85.6
47.1
67.21

A7.70

52.1

35.69
48.51
4€.65
46.18
52,19
52.9%
49.49
49.00

36.20
43.9

40.19

(5
.34

saus as above
s

4.54

Percent

Hy (T) 02(2) Ny (2) $(1) loerca? Molature
6.10 43.03 0.05 0.16 1.43 5.97
4.08 A7.84 0 0.11 1.01 5.83
4.9 36.55% 0.07 0. 22.47 4.1
570 44.93 G.09 0.21 5.06 5.20
6.17 45.50 0.18 0.08 2.64 4,71
9.25 30.13 0.12 0.10 1.17 3.45
6.10 41.92 0.15 0.16 6.50 6.11
5.41 42.74 0.17 0.09 13.09 4,56
[0 4.0 0.93 7.00
hous 44,53 0.16 0.14 3.52

6.1 41.05 0.43 0.12 7.65

6.62 37.9% 1.68 0.20 1.06 78.29%
S.08 41.67 .11 0.12 0.74 78.70
9.7 24,659 1.02 0.19 .11 8.7
11,54 14.82 0.41] 0.07

5.75 27.62 2.79 0.25 21.87

5.32 22.83 5.95 1.00 21.16 7.46
7.04 71.76 0.50 1.34 29.74 1.15
5.0 13.0

10.6

7.0 37.2

14.4

5.9 18.6(chlortine=28.41)

9.72 15.82 0.46 0.07 6,72

6.04 24,06 1.93 0.55 13.72

I 34.8

“. 71 26.38 6.26 1.15 30.34 5.47
6.54 ab.da 1.7 0.19 0.81 69.00
n.bhl 40.18 1.24 0.26 2.4 53.94
5.96 36,4 4.46 0.42 1.62 75.24
6.11 30.34 6.99 0.16 3.82 9.97
0. OK 40.90 0.295 0.10 0.12

.02 41.39 0.29 0.10 0.15

6.0 42.00 2.28 24,00
4.79% 26,61 2.10 0.26 30.08

[ 49.0 0.93 7.00
6.41 41.85 2.18 0.20 3.17

100.00
0.07 0.3o 0.03 99.62
glasa bottles)
0.6} 4.28 0.05 0.01 90.49
100.00

Noerts - ash, glass, wetal, stone, cerawics

Source: EPA, 1981



locality will have different proportlons of paper, glass, ferrous and non-
ferrous metals, plastics, rubber, leather, textiles, wood, food waste and other
organic and {ncrganic waste Lypes composing 1ts waste gstream. 1t 1is important

tc conduct a compositional analvsis or cach area belng considered for incin-
eration service because considerable varfation !g Itkely to be encountered.

The composition of municipal solfd wastes for the United States as a whole 1is
shown in Exhibit 5.6. That or Egypt will, of course, differ from this. The den-
sities of several pure refuse comueonents are listed Ln Exhiblit 5.7.

Waste characterlzation: M9 beding fed Into an inclnerater can be chara.-
terized by {ts molsture and ash, or non-combustible, content. Non-combustibles
Inhible good Incinerator performincs and the waste stream can often by pre-
processed to minfmize the quantity of this component in the inzinerator feed.
Waste with high meisture content, such as sewage sludge, 1s often dried prior
to burning. FExhibit 5.8 lists the typlcal chemical composition of municipal
solid waste components.

Secasonality: The quantity, composicion, and molsture content of municipal
waste varifea over the course of the year and both the collection system and the

incinerator must be deslgned to accommndate this variation.

5.3.3 Site Selection

Several criterfia merit equal zousfderation when selecting a site for a
municlpal solid waste incineration plant. These include site accessibility,
proximity to energy markets, proximity to disposal site, and ptoximity to waste
centroidax.

Site Accessibility: The local road network will be profoundly affected
by the presence of an incineration factlity receiving hundreds of truck loads
per day of refuse. The roadwavs must be large enough to handle this increased

traffic flow and must be sturdy enough to bear large, heavy, parbage handling
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vehicles. Entrances and exit locations should not disrupt local traffic patterns.

Proximity to Energy Markets: When the energy product to be marketed 1is
steam the site should be Jocated ad jacent to the energy purchaser. It is
rarely practical to transmit steam more than 3 km without Incurring uneconaomic
thermal losses, as well as a losy of quality control. When electricity {s the
product to be marketed, this corstraint is less severe. While electricity can
be transmitted over long distances, an cconomically acceptable site will probably
be one located near to an electric grid with enough capaclity enough to accomodate
the new power source.

Proximity to Disposal Site: Significant amounts of non-combustible ash and
residue are generated by an incineration plant, and these products must be
disposed of In a landfill. A large plant will have to dispose of several truck
loads of residue each day.

Proximity to Waste Centrolds: The cost of collecting and transporting
waste comprises a large part of total disposal costs. This cost can be minimized
by placing the plant in a central location.

Other site selection criteria include proximity to cooling water and
boiler feed water; and proximity of nefghbors whose local environment might be

affected by noise, odors, and ash emanating from the plant.

5.3.4 1Input Waste Processing

The nature and moisture content of the waste 1s an {mportant determinant
of the extent of preprocessing needed before Incineration, the incineration
technology being the other. Certain small modular Incinerator types
can combust only small sized particles of refuse, requiring shredding to be
included in the pre-processing. Other technologies, such as those used for
mags-burn incineration, require no preprocessing of the waste stream. The

following types of preprocessing are commercially available: screening, shred-
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EXHIBIT 5.9

HEIL CO.

TROMMEL FOR WASTE SCREENING
SOURCE:
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ding, ferrous metal recovery, and air classification.

Screening: A trommel or inclined rotating cylindrical screen, allows
small, heavy, mostly non-combustable waste particles to be separated from the
main waste stream. The screen mesh determines the size of the particles being
separated. See Exhibit 5.9.

Shredding: This process reduces the size of the waste particles,
separates the various componen:s of the waste from each other, opens bags, and
makes the waste stream move homogenenous. Chredding is accomplished by using
hammers to pulverir: waste within a confined space and forcing it through a
grating. The process has a high operating cost owing to the large mechanical
energy requirements and extreme wear on the hammer and grates. See Exhibit 5.10.

Ferrous Metal Recovery: A drum magnet or an overhead magnetic belt
system, with either permanent or electromagnets, can extract ferrous metal
objects from the waste stream. Multi-stage separators improve the purity of
the metal extracted by selecting out attached non-ferrous objects.

Alr Class{fication: A powerful column of upwardly blowing air cén be
used to separate light combustibles, such as paper and plastics, from heavier non-
combustibles like concrete, metal, and glass. This provides a better burning

fuel for the incinerator. Sece Exhibit 5.10.

5.3.5 Combustion System

Many interrelated componerts comprise an incinerator's combustion system.
From the tipping floor, garbage 1{g usually dumped into a pit large enough to
accomodate several days' supply of incinerator input. An overhead crane lifts
the garbage out of the recelving pit and into a small charging hopper at the
incinerntor inlet, where it falls into a combustion grate inside of the
furnace. The rubbish progresses along tie grate, pfopelled elither by a hydraulic

ram, reciprocating grate sections or an incl!ned rotary grate system. As it
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progresses 1t combusts, often in a fan-injected air stream. Ash collects at

the far end and underneath the grates, from where conveyors carry it away. The
hot gases produced by the combustfon process rise into the boiler section of

the incinerator and produce stcam. These gases, now slightly cooled, precipitate
more ash prior to entering (iln many cases) an electrostatic precipitator which
removes nearly all remaining part{culate matcer. The cleaned gases then pass

up and out of a stack, alded by an induced draft fan. See Exhibit 5.11.

There are a great variety of stoker and grate designs that are commercially
available. Thelr performance records vary widely, and grates are often one of
the most significant maintenance and replacement items in an incineration system.
Grate systems have many of thelr moving parts in contact with the combusting
refuse and thus are susceptible to clinker and slag formation in inconvenient
places. Most grate systems are specfalized and gophisticated enough to be
patented. See Exhibit 5.12 for examples of avallable grate systems.

Combusticn air, {f drawn from the tipping floor area, keeps that area
under negative pressure and prevents odors from migrating elsewhere to annoy
neighbors.

The el:-trostatic precipitators that are often used to remove particulates
from the flue gas are extremely temperature gensitive, having both a high
temperature limit above which the unit will not function, and a low-limit,
below which the corrosive chem{cal components of the flue gas will condensn
and damage the precipitator. Care must be taken, when designing and
operating the plant, to correctly size the incinerator's boiler section and air

flows to reduce the temperature of the flue gases to an acceptable level.

5.3.6 System Sizing

System slze Influences technology choice to a large extent, as well as

affecting financing approaches and administrative structures for solid waste
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management. The following factors need to be considered in determining facilfty
size: quantity of waste avallable, requirements of the energy market, des{red
system redundancy, planaed operating schedule, and varlations in waste generatlon.

Quality of Waste Available: This 1g the Hmiting factor. Generally
the plant should be sized to accomodate all of the processible waste generated
in {ts service area.

Energy Market: Plants produclng steam may be constrained by the size of
the local market for thelir product. Electricity producing plants are less
likely to face this constraint since electricity 1s more easily transmitted to
distant usgerg than steam. Arcas wich marginal steam maicets should consider
the alternative of cogencrating steam and electricity to better match plant
slize to energy markets.

Redundancy: The energy market may demand redundancy in the form of
multiple bollers In order to guarantee a steady, reiiable source of steam or
electricity. Waste disposal neeads may also dictate a certain degree of redundancy
1f there is limited space available to store refuse prior to incineration.

Operating schedule: A system that operates only 5 day per week has less
need for redundancy because routine malntenance can be done during the off
days. Round-the-clock, seven-days-per-week systems require multiple incinerators
in order to allow for periodic miintenance without interrupting the waste
disposal/energy production process.

Seagonality: The quantity of processible waste varies temporally, and plant
should be sized to handle peak rather than average waste quantities. They

should also be designed to function efficlently at a part load of 90% or even

less of the rated load.

5.3.7 Operational Considerations

A municipal solid waste Incinerator burns a feedstock that varies greatly
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in particle size, combustibility and ease of handling. The nature of this
feedstock affects both the operating and malntenance needs of an incineiation
plant. Three major operational considerations must be mentioned: combustion
control, operating schedule and component replacement.

Ideally, waste remains in the furnace Just long enough to completely
combust. If the waste is conveyed through the furnace area too quickly, then
combustion will not have flnished, volume reduction of the waste will not be
adequate, and the waste will have retalned some of its noxlous characteristics.
Too slow a transit of waste through the furnace area ic an underutilization of
expensive plant capacity. Controlling the rate of travel of the waste, which
{s not homogeneous, through the combustion chambers to produce a homogeneously
burned ash i{s a difficult task. Successful combustion control depends on
several factors. First, the waste must be broken up or pre-processed to provide
at least a marginal homogeneity of particle size. Second, the grate system
must allow for variable feedstock travel rates. Third, 1t must be feasible to
conduct frequent visual or remote electronic Inspections of the combustion area
to identify slow-burning items.

Municipal solid waste often has a large incombustible component. These
incombustibles collect inside the Incinerator and interfere with proper grate
operation, heat recovery and ash disposal. 1Incinerators require regular cleaning
in order to function properly, and most large scale mass burn facilities need
to be shut down once each week for this reason. Multiple combustion units will
be necessary if the plant is to operate continuously.

Even with proper maintenance, the handling and combustion 1of waste
imposes severe wear on many parts of the facility. The components most subject
to fallure are those that move while in contact with the waste. Pre~processing
machinery, including rotating trommel, rec!procating shredders, and waste

conveyors all experience high failure rates. 1In the combustion chamber, the
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travelling grate system, whether it is a reciprocating grate, a rotary grate
or a track conveyor, experiences regular failures. These failures must be
planned for because they are {nevitable. Parts that are likely to fail should
be easily replaceable during normal malntenance times, and should be simple to

find or to fabricate. Successful operation of the facility depends on designing

this flexibility into the plant initially.



5.4 ENVIRONMENTAL IMPACTS

Each proposed project alternative should be evaluated in terms of its
likely environmental impacts. Environmental effects have importance for
political, economic, health, and aer chetic reasons. A formal study is a requi-
sité part of good project planning. In many locations, strict emissions stand-
ards have been legislated. A municipal solid waste incineration facility
1s likely to have many of the folliowing types of eavironmental impacts:

o Reduction In area of land required for landfill operation;

o Reduction in disease vector population associated with landfills or
open rubbish disposal;

o Reduction in the use of fossil fuels for steam and/or electricity
production;

0 Increase in air pollutant emissions from incinerator operations;
o Increase in air pollutant emissions from collection vehicles;

o Increase in demand on water supply system; and

0 Increase in wastewater discharges;

0 Increase in temperature of water used for process cooling; large
groundwater or surface water quantities are involved.

o Increase in vehicular traffic along transportation corridors.

o Increase in noise levels along transportation corridors,

Many of the adverse impacts can be mitigated by making suitable design
choices. For example, air pollutant emissions resulting from combustion can be
controlled by obtaining high furnace temperatures which enconrage complete
combustion of noxious gases followed by electrostatic precipitators which
remove airborne particulates. Currently, electrostatic precipitators (ESPs) are
being used successfully to control the amount of particulate emissions discharged
to the atmosphere, although control of gunascous emissions is not accomplished
unless the gases happen to be absorbed on the captured particulate. Attempts

at using w2t gcrubbers for removal of both particulates and gaseous emissions
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have been largely unsuccessful, as scrubbers are not designed to capture the
small-size particulates commonly found in the flue gas. Several European
installations are utilizing both ESPs and wet scrubbers to remove thege two
types of emissions (this 1g a requirement in West Germany). Questions as to
the-adequacy of current devices to remove potentially hazardous emissions from
the combustion of wastes are just now belng posed.

For smaller, lower temperature Incinerators, baghouses have been employed
to reduce the level of particulates emlssions. Baghouses consist of a series
of woven fabric filter bags. The flue gases pass through these filter bags,
which are perfodically cleaned by automatic shaking or reverse pulsing of
collected particulates to an anh hopper for disposal. 1In the past, baghouses
have not found extensive use in fncineratfon applications due to filter material
limitations at high gas temperatures.  The development of new temperature
resistant fabrics for baghouse applications have fncreased their applicability
to incineration. Waterwall incinerators utilize less draft alr and burn at
higher temperatures than refractory brick incinerators and consequently pollute
less per unit of input. 0Odor and dust control on the tipping room floor and
elsewhere can be accomplished by maintaining those areas under slightly negative
air pressure.

Thermal pollution of the cooling water supply can be minimized by
productively utilizing as much as possible of the energy generated by the
incinerater and by using air-cooled condensors.

Proper siting and plant layout can minimize the effect of increased
vehicular traffic on nther road users, as can ensuring that the plant is located in
ar. area having few nearby rneighbors.

Significant adverse envirommental impacts must be mitigated, or the part
of the population being adversely affected will geek their own political

s8olutions, which may include shutting down the plant.
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5.5 SPECIAL CONSIDERATIONS IN THE EGYPTIAN CONTENT

The viability of municipal solid waste incineratlion technologies in
Egypt 1is dependent upon four factors: the public infrastructure; waste availa—
bility; industrial development; and experlence. The success of an implementatior

program in Egypt 1s contingent upon the degree of development of each of these.

5.5.1 Public Infrastructurq

The necessary public Infrastructure for MSW technologlies would include a
reliable collection and transportatfon gystem to gather municipal solild wastes
and transport them to the plant site. 1In Egypt, with population and transporta-
tion development heavily concentrated along the Nlle River Valley, the collect-
ion and transportation of municipal solid wvastes would not appear to be a major
difficulty. Detailed investigation would be necegsary to determine further
requirements.

The collection, tranasportation, and disposal of municipal waste in urban
Egypt is primarily in the hands of private enterprise. Within a given territory,
entrepreneurs collect rubbish, scavenge all of the valuable or recyclable items
and dispose of the residue in the most convenient way possible. This means
that residue 1s rarely dispnsed of in a sanltary, aesthetically acceptable
manner and that rubbish collectleon i{s canducted unevenly. 1In Cairo, a centrally
planned approach to coordinating private rubbish collection with
final dieposal by a public agency is underway. The development of a successful
arrangement for accomplishing this is a necessary prerequisite for constructing
a municipal solid waste incineration plant.

Another element of the public infrastructrure which bears mentioning {is
the power system. Thig gsystem can be divided into the generation and
the distribution systems. The success of certain MSW cogeneration technologies

is dependent upon access to the utility grid, so that cogenerated power may be
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exported to the grid. With a developed distribution network, cogenerators will
be able to interconnect with the grid and provide both energy and capacity to

the utility.

In many parts of Egypt, the electric grid is still under construct ion.
Deslgn specifications resulting In a robust electric system capable of handling
multiple small power producers can still be establigshed. Such a system will
interface easlly with future MoW=to-vnergy facii'ties. If connection of an
energy recovery facllity to the electric grid 1is Infeasib.e, 1t may be appro-
priate to make the plant a dedfcated faclifty, serving a single nearby user
such as a sewage or water treatment plant, a pumping station or an industrial

user.

5.5.2 Wast¢ avallability

The availability of waste In Egypt is the second of the four conditions
essential for incineration technology development. Because of the current
rubbish collection infrastructure, the waste already undergoes a great deal of
recycling or preprocessing making ft Iikely that the vaste has a high organic
component and good combustibility. However, it may also have a high moisture

content which would necessitate drying prior to Incineracion.

5.5.3 1Industrial Development

The third condition necessary for successful municipal solid waste
incineration technology development in Egypt i1s a level of industrial development
capable of uti{lizing the steam, heat, and power that can be provided by thege
technologies. Egypt's largest energy consuming industries are: metals; building
materials; chemicals; textiles: and small gcale industry. It 18 estimated that
these Industries will account for nearly 78 percent of total Industrial enargy
use In 1985. A1l of these Industrics could beneflt from steam generated from

municipal solid waste inclneration.
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A particular advantage of solid waste-fired steam 1s that it can displace
the use of electricity 1in the commercial and industrial sectors. In Egypt,
where total energy consumption {s projected to increage at six percent per
year, electric demand growth {is projected at 9.9 percent per year. The displaée~
ment-of electric energy with solid waste derived energy can reduce the necessary

investment fn high cost, capital intensive electric capacity.

5.5.4 Experience

The final condition for municipal solid waste incineration technology
development is experience. With 1ittle direct experience with the design,
construction; and operation of thege technologies, Egypt would be initially
dependent on foreign expertise. Although additional activity would be required
in municipal solid waste collcertion and processing, Egypt appears to have the
basic requirements for the use of municipal solid waste incineration tech-
nologiesn.

Whether the economics of municipal solid waste incinerarion technologies
can compete with existing fossil fuel-fired systems remains to be determined.
Installed capital costs for thege systems 1s dependent upon the technology,
preprocessing equipment, system slze, site specific requirements, and many
other factors. 1In favorakle circumstances, municipal solid waste conversion
gystems can be installed for $20,000/TPD but can eaally cost $150,000/TPD
and more. The economics of these technologlies 1in Egypt can only be determined
after site gpeclfic analyses.

Internationally, there 1s a growing inventory of municipal solid waste
conversion systems. The majorlty of these systems are in Europe, Japan, and
the United States. Asg of 1983, there were 368 systems installed worldwide, of

which 212 are European and €5 are Japanese. Exhibit 5.13 lists the syatems by

country.
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EXHIBIT 5.13

SUMMARY OF WORLDWIDE INVENTORY OF
WASTE TO ENERGY SYSTEMS

Installed Capacity

Country No. of Systems (Ton/Day)
Australia 1 520
Austria 2 1,320
Belgium 2 1,048
Brazil 2 660
Canada 3 2,800
Czechoslovakia 1 864
Denmark 35 6,348
Finland 2 640
France 26 11,858
Germany, FGR 39 23,389
fong Kong 3 3,216
Hungary 1 1,440
Italy 24 9,997
Japan 85 44,581
Luxembourg 2 600
Monaco 1 280
Netherlands 6 8,637
Norway 8 206
Singapore 1 1,440
Spain 4 1,158
Sweden 24 5,456
Switzerland 26 7,600
United Kingdom 9 4,624
United States 55 34,870
U.S.5.R. 6 5,032
TOTAL 368 178,584
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5.6 CURRENT R&D THRUSTS

5.6.1 Industry R&D

Municipal solid waste-to-energy conversion technologies have been in
exigtence for over 50 years. The technological sophigtication of these systems
has increased dramatically over this time perlod, particularly in the last 15
years.

The combustion of municipal solid wastes in large waterwall incinerators
and in small-scale modular systems are the most technolegically developed
technologies to date. Although these technologies have reached commercialization
worldwide and others are emerging, research is still being conducted to minimize
emigsions and improve system economics. Research at a more baslic level 1is
underway an other MSW-to-energy conversion technologies, including biochemical
processes, thermochemical processes, and tefuse-derived fuel preparation.

Most of the development progress in industry has come from improvements
in plant design based on actual operating experilience In commercial waste
processing facilities. Some in-house research is also being conducted. For
example, vendors of modular combustion systems for emergy recovery from municipal
waste or manufacturers of key components for such systems have internally
funded R&D activities. Mechanical testing has been conducted on the feed
mechanisms, grates, and ash handling systems for such modular combustion

systems.

5.6.2 U.S. Government R&D

Regsearch on MSW-to-energy conversion 1s coordinsated by the Biofuels and
Municipal Waste Technology Division (BMWT) of the U.S Deparment of Energy.
Their mission is to conduct research in energy from municipal waste that will

allow the private sector to complete the development necessary for the commer-

cial application of these tachnologi~s in the marketplace.
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BMWT conducts research activities in the following areas: 1liquid and
gaseous fuels, thermochemical processes, blochemical processes, base environmental

concerns, materials, feedstock preparation, and technology tranfer activities.

5.6.2.1 DOE Technology Transfer

The objective of this BMWT effort is to obtain accurate and usable technical
data resulting from government~funded R&D and to make it available to the
private sector, technical and research communities, educators, A/E's, and

policymakers.

5.6.2.2 DOE Liquid and Gaseous Fuels Research

Resecarch efforts that are part of this program are aimed at the conversion
of municipal solid wuste (MSW) into useful liquid and gaseous fuels. The
primary methods under consideration are thermochemical conversion processes.
Heat and reduced oxygen availability are used to convert waste to liquids or
gases. Included is research to integrate the production of the liquids and
gases with various systems to upgrade the product to meet specifications of
exlsting fuel distribution systems. Specific projects 1include:

o Basic mechanisms of Pyrolysis of Municipal Solid Waste;

o External Combustor Research; and

o Pyrolysis of Municipal Waste {n a Coke Oven.

Pyrolysis of municipal solid waste is claimed to have the potential to
recover energy in forms other than steam, in particular liquid and gaseous
fuels. Unfortunately, the heatiag values of the products from the potential
pyrolysis processes thus far developed have been inferior and, therefore, the
processes have not become commercial. Before commercial processes that provide
for improved products, better yields, and process optimization can be developed,
more information about the baslc mechanisms of municipal solid waste pyrolysils

18 needed. Research facilitiles where the pyrolytic characteristics of bilomass



have been previously examined will be used to study municipal solid waste
pyrolysis. Parametric test runs involving variations ir temperature, pressure
reducing eavironment, heating rate, and residence time, will be run and the
resulting pyrolysis products measured. The use of naturally occurring additives
to iﬁprove heating value of the liquid products will be investigated. Expected
results Iinclude information required for the design of a pyrolysis process that
ylelds superior products.

External Combustor Research examines the feasibllity of integrating a
municipal solid waste combustor and a conventional coal-fired boiler system.
It evalustes the concept of combining a modular, mass-burning waste combustor
operating at substolchiometric conditions with an existing coal-fired boiler
steam plant. The Department of Energy 1s currently funding research to
conduct preliminary test burns to evaluate the feasibility of pyrolyzing minimally
processed MSW refuge-derived-fuel and sewage sludge in an inactive coke oven in
southeastern Pennsylvania. These tests represent the first time coke ovens
have been used to pyrolyze minlcipal solid waste. This is especlally important
at this time since with the steady decline of the steel industry, many coka

oven facilities have been abandoned.

5.6.2.3 DOE Biochemical Research

Processes which use living organisms to convert organics into useful
energy forms are in developmental stages. The BMWT Division ig spongoring
development of an anaerobic digestion process that converts the ofganics in
municipal waste to methane under controlled conditions. This process is at the
proof-of-concept stage. Another approach Involves enzymatic hydrolysis to
produce glucose for fermentation to alcohol or digestion to methane. A third
process at the early stages of research will convert waste to low molecular

weight organic acids biochemically, and would use physical processes to convert
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the acid to liquid fuvels.

Anaerobic research includes the development of improved microbial strains
for anaerobic dfgestion of municipal solid waste and wastewater. Genetlic-manipu-
tation techniques will be used in order to select, and develop improved microbial
stra;ns capable of fermenting solid waste-and wastewater-feedstock in anaerobic
digesters and producing higher rates (higher volume in shorter retention time)
of methane than the conventional mlcroblal systems yield.

Research on processing high solid-waste concentrations by anaerobic
digesters for methane production {5 also being conducted. 1Its objective is the
lnvestigation of innovative and efflcien! digester concepts for the processing
of high (10-25% solids) solids concentration feedstock.

Research 1s also being done an feed Injection to anacrobic digesters for
methane production. The purpose of this lnvestigation 1s the identification
of efficlent methods for injecting feed to anaerobic digesters producing methane
from municipal Bolid wastes. Bloconversion of waste and recovery of the short-
chain organic acids 1s also belng studied. The purpose of thils reseazch 1is the
microbial conversion of waste to low molecular welght organic acids and the
recovery of these aclids to be ucged fcr hydrocarbon-fuels production.

The work will provide an understanding of saccharification and acldogenestis
pathways utilized by the various microbes present Iin the substrate, as well as
determining the key parameters that have to be manipulated for high yields of
short-chain organic acids. Furthermore, it will develop an efficient and
economlc recovery system for aclds produced, and study the marketability of

this technology for hydrocarbon fuel generation.

5.6.2.4 Base Research
Included in thig BMWT program are environmzntal, materials, and feedstock
preparation research. Environmental efforts are aimed at the characterization,
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6.0 ENERGY APPLICATIONS

Municipal solid waste incinerators nroduce energy in the form of steam
which has a variety of uses. Medium pressure steam may be used for industrial
process heating or district heating and cooling, while high pressure steam can
be fed through a turbine for convers’on to electricirty.

Anaerobic digesters produce a combustible gas that may be used to fire
boilers or engines to produce thermal energy or mechanical energy, which may in
turn be coaverted to electrical energy.

Revenue accruing from the sale of energy produced by waste incinerators or
anaeroblic digesters i{s always a secoudary justification for undertaking such a
project. This revenue Improves the economic viab{ility of technologies whose

primary purpose {s to dispose of waste in a safe, aesthetic, responsible, and

cost—-effective manner.

6.1 THERMAL APPLICATIONS

There are many applications In which heat can be utilized directly,
without first being converted to electricity. Examples of such applications
include heating and cooling of buildings, industrial process heating, drying
and processing of agricultural products, and desalination.

It 1s important to compare the energy use requirements of a particular
application with the available energy supply. Careful matching of temperature,
pressure, and flow characteristics is a prerequisite for both the technical
success and economic viability of every project.

Types and Number of Loads: FEach application, whether sBpace or water
Leating, agricultural or industrial process heatiné, refrigeration, or
desalination, has uniq -~ load characteristics. Often the steam can serve
multiple applications ..aultancously in either parallel or a cascaded (series)

configuration. The cascaded conflguration, serving multiple applications with



different temperature requirements, is usually preferable because it allows the
most complete utilization of the available heat via a series of processes.

Proximity: Steam cannot bhe practically transported a distance greater
than 3 km from {ts generation source because of thermal losses 1in the transmission
piping. Thus, process heat consumers must be located relatively near the
bofler supplying the steam; these consumers need to be fdentified during the
.initinl stages of project planning {n order to Justify a financial commitment
to the facility.

Temporal Fl:ictuation: The relative difference between ;hc peak use and
the average use of heat {n a particular process i{s important in matching a
bofler to {ts load. With multiple applications, the different processes usually
will not have simultancous peaks; thus, a diversity factor will be needed to
estimate the overall peak load faced by the plant.

6.1.1 Space Conditiontng

Buildinga consume a great deal of encrgy for space heating and cooling,
and domestic water heating.

A steam space heating system can gerve a single bullding or, via a
district heating network, many bufldings. In either case the actual heating is
done in one of two ways, either via a forced air system or a hydronic system.
(Exhibit 6.1).

Forced air systems use fans to move air through ducts to the space being
cornditioned. The air is heated by means of an air-to-air heat exchanger, in the
cage of a furnace, or a water-to-air heating coil, in the case of steam or hot
water systems. Steam can be used either directly in the heating coil or
indfrectly as the primary heat source for an isolated steam or hot water loop
which serves a forced air system.

Hydronic systems use steam~heated, pumped, hot water to distribute

to the room via fin-tube radfators, convectors, or radiant floor or ceiling
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SPACE HEATING SYSTEMS
SOURCE: GEOTHERMAL RESOURCES COUNCIL, 1979
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panels.

Domestic hot water heaters utilize steam~to-domestic-water heat exchangers
to produce hot water at temperatures in the neighborhood of 50°C. This can
comprise 1 significant fraction of a building's energy consumption (15%),
depénding on the characteristics of the building occupants.

Cooling of bulldings can be accomplished using systems that are similar
to those used for heating, efther forced alr or pumped water. TForced air
systems condition air by moving it past cooling coils containing elther low
temperature refrigerant or chilled water, while pumped water systems utilize
chilled water exclusively.

Chilled water for space cooling can be produced using fairly high
temperature steam (> 125°C) to operate an absorption chiller. The most efficient
lithium-bromide absorption chillers are two-stage units requiring input
temperatures of at least 160°C and having a coefficient of perfermance (COP) of

about 1.1.

6.1.2 1Industrial Processes and Agricultural Applications

This category covers a variety of applications with different temperature
requirements (Exhibit 6.2). Good process designs focus on efficiency
considerations, which often imply a cascading arrangement. Applications with
complementary thermal requirements can be matched to make efficient and economie
use of the thermal resource.

Specific applications likely to be found in Egypt include the production
of masonry construction materials such as cement, bricks, and tiles; agricultural
pProcessing such as sugar ceue evaporation; and food processing applications

including drying and canning.
Masonry Construction Materials: Cement, brick, and tile are all produced

wvet and must be dried before use. Traditional sun drying 1is not practical 1in

6-4



6] ) B) o ° pe -
F 50 100 150 200 250
L i 1 i 3 ]
r T T T T 1
o] o] O o] Z
°C 10° 38 66 93 121 4
l FOOD PROCESSING I CEMENT
DRYING
l COAL DRYING 41 .
,_w TEXTILE MILL 41
[ FURNITURE 4V1 [¥7 LUMBER ]
l PULF AND PAPER ]
L7 LEATHER *—] [7RAYON/ACETATEA] [ STYRENE 44]
CONCRETE llm_' AGGREGATE
BLOCK | ;
CURING DRYING
l PICKLING } ® CANE SUGAR
EVAPORATION
L METAL PARTS WASHING 7
LyHEY CONDEN&Naﬁ] BEET SUGAR
PULP DRYING
| SOIL WARMING l l ﬂ;ﬂ,%‘{j" ’
AQua- ¢ SCALDING I MALT BEVERAGES 1
CULTURE
® CARCASS WASH AND CLEAN-UP
l DISTILLED LIQUOR j
BIOGAS ® MILK EVAPORATION
PROCESSES
® ALUMINA
FRUIT & VEGE.
TABLE DRYING
RUBBER
MUSHROOM BLANCHING AND vuLCAwmAno&AW
CULTURE COOKING
BEET SUGAR
BEET SUGAR EVAPORATION
EXTRACTION
® PHARMACEUTICAL
[7 SOFT DRINKS I AUTO CLAVING & CLEAN-UP
[7 SYNTHETIC RUBBER 4]
[ ORGANIC CHEMICALS l
e CUNCRETE BLOCK CURING GYPSUM DRYING o
l GREENHOUSING l ® KAOLIN DRYING
o o o
10 3§ QG“ Q3o 121° 149°
T T 1 t t 4
Q (o] (o) (e} [a] fal ol
F 50 100 150 200 250 300
APPLICATION TEMPERATURE (°F,°C)

EXHIBIT 6.2
APPLICATIONS TEMPERATURE RANGES FOR

SOME INDUSTRIAL PROCESS AND AGRICULTURAL APPLICATIONS
SOURCE: GEOTHERMAL RESOURCES COUNCIL, 1979

6-5



crowdad areas, nor does it provide even ruvsuits compared to drying in a more
controlled environment. Drying some of these materials requires input temperatures
of 120°C.

Curing of cement blocks and slabs in forms is a lower-temperature
application, normally done at about 70°C. Washing of forms can be done by
cascading the effluent from the curing process.

Sugar Cane Evaporation: Cane sugar is one of Egypt's most common
agricultural products requiring heat processing before use. Excess water in
the cane must be driven off in order to make sugar. This requires process
temperatures of about 120°C. Most frequently, the evaporator will operate as a
batch process in which a quantity of product is introduced and maintained at
the given temperature for a perfod of time.

Food Processing: Many operatious can be included under the general
category of food processing. Among those requiring process heat are pre-heating,
washing, cooking, blanching, peeling, evaporating, sterilizing, distilling,
separating, and refrigeration. Thesc operatlons can often be cascaded. Other
uses include meatpacking, poultry dressing, canning, bottle washing, preparation
of fruits and vegetables, and drying of grains and other food products.

Cooling above the freezing point of water can be done by using the
lithium-bromide absorption refrigeration system. Freezing below 0°C requires
the use of an ammonia-based absorption system. Both absorption cycles lend
themselves more readily to the larger commercial installations than to the

single residential dwellling.

6.1.3 Desalination

Steam produced by an incineration plant or blogas generated by &an anaerobic
digester may be used as the heat source in a distillation process to produce

potable desalinized water. A number of distillation processes are sultable for
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use with such a resource, Including multi-stage flash evaporation, vertical

tube evaporation, and vapor—compressor distillation.

6.2 MECHANICAL APPLICATIONS

The thermal energy generated by combusting biogas or municipal solid wastes
can be converted to mechanical energy in engines or turbines (See Section
3.3.4). This shaft power has a varlety of potential uses.

Often the plant generating this energy has mechanlical power needs for
related processes. For example, sewage treatment plants consume large amounts
of mechanical energy for pumping of sludge and effluents, and for centrifuging
sludges. These can be powered by blogas-driven engines rather than traditional
electrical motors.

Farms require mechanical power for irrigation pumping and motive power
for vehicles. Both can sgerve by blogas~fueled engines.

Shaft power can also be used to drive an electrical generator, as the

next section describesg.

6.3 ELECTRICITY GENERATI1ON

If no market for thermal energy is located adjacent to the energy re-
covery plant it may be preferable to use the thermal energy generated to produce
electricity. Electricity is highly marketable: 1it has myriad uses and can be
transmitted over large distances. Economic generation of alectricity requires
careful analysis of several market-related factors, the first of which 1is
availability. For example, a municipal waste incinerator's schedule ig governed
primarily by the delivery schedule of garbage. It {8 rarely feasible to stockplle
more than a few days of fuel for the Incinerator. If the plant will be used to
generate power remote from the electric grid, then the schedule of operation of
the incinerator must coincide with desired schedule of use of electricity. If,

alternatively, the plant will tie i{in with the electric grid, it will contribute
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base~load capacity to the existing network, which 1s generally valued less than
intermediate or peak loading capacity.

Another lmportant decision variable is quality of supply. Remote or
dedicated electric power production applications generally require lower quality
power than grid-connected applications. Lower quality powcr is less expensive
and easier to produce than high quality power meetlng precise frequency, voltage

and reactive energy specifications.

6.4 COGENERATION

The term "cogeneration” means that the waste heat from a boiler or an
engine 13 used (sometines supplemented by additlonal fuel) to satisfy some
further heating requirement instead of belng immediately discharged to the
environment . Designing for optimum heat recovery starts with the selectlion of
the prime mover, since the different types of engines yleld different amounts
of waste heat by virtue of differences In efficiency and ease with which waste
heat streams can be captured. a highly inefficient engine may produce substantial
recoverable heat at the cxpense of reduced power output, but this allocation of
energy may be desirable for site applications where the thermal load is much
higher than the electrical load.

Cogeneration occurs in "topping"” and "bottoming” cycles as shown in
Exhibit 6.3. The "topping” cogeneration concept i3 %o burn fuel in an engine
to produce shaft horsepower for any desired electromechanical workload, then
recover engine waste heat to do further work. The most versatile application
of the rotating shaft is to drive a generator for electricity production, but
direct shaft drive of other machinery might be preferable in certain situations.
"Bottoming” cogeneration involves producing heat directly from fuel, as in an
MSW incinerator, for example, then capturing very high temperature process

exhaust to generate electricity, usually with a waste heat boller and steam
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turbine. The biogas application discussed here iz a topping cycle while most
municipal solid waste incinerator application will be bottoming cycles,
Cogeneration 1s most attractive at sites with concurrent and continuous demands
for electricity and heat.

. For topping cycles, once the ratio of power to he 8 determined by
engine gelection, the actual use of the heat will guide the design of heat
exchange or recovery equipment. Waste heat will be available as a gas (the
engine exhaust) and a liquid (engine coolant), and the ultimate use of the heat
may require transfer to other gases or liquids. 1In biogas cogeneration systems,
it is assumed that di..ster heating takes priority among possible applicatiors
of engine waste heat. tpace and water heating are common secondary uses of the
available thermal energy. An incinerator cogeneration gystem incorporates a
turbine generator at the end of a waste-to-energy bniler. In order to produce
electricity, high-temperature, high-pressure steam is required to turn the
turbine. Hence, refractory systems are not typlcally considered. The preferred
systems for electricity generation are the RDF and waterwall systems. Modulur
systems have also been used to provide steam for power generation.

Cogeneraticn systems allow greater flexibility of energy production
than either steam-only or electricity-only systems. The choice of a gpecific

configuration for cogeneration can only be made on a plant-by-plant basis.
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7.0 ECONOMIC ANALYSIS

This saction establishes a means for initially evaluating the economic
feasibility of a resource recovery alternative and determining its costs. A
feasibility analysis should include comparisons to alternative resource disposal/
utilization technologies.

Analysis of on-farm digesters differs from sewage plant digesters in
several important ways. On-farm digesters are usually much smaller in scale,
and they are often private rather than public investments.

In many applications, neither the raw manure, the digested sludge or
energy produced will enter local markets. Everything instead will be utilized
on the farm. Although no money actually changes hands, the economic analysis
1s still a useful tool for determining where an initial expenditure on a biogas
digester 1s justifiable.

For each alternative, the analysis procedure includes the following
components, which are discussed in more derail below:

o System size and degree of energy recovery;

o Estimation or capital costs;

o Estimation of annual costs;

o Estimation of revenues;

o Life-cycle costing;

o Sensitivity analysis.

7.1 SYSTEM SIZE AND DEGREE OF ENERGY RECOVERY

Determining the size of the energy recovery system is an important first

step in develovping system costs.

The choice of anaerobic digestion as the means of sludge/manure stabil-
lzation, or of incineration for municipal solid waste reduction, does not

automatically establish the degree of energy recovery that should be planned.
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The energy gas that is generated can be used for process heating, or as
fuel to provide mechanical or electrical power at the plant. It can be scrubbed/
conditioned and sold to outside consumers, or used to produce electricity for
outside consumption. Each of these options tas different costs and benefits
asso;iated with 1t, and the size and nature of the energy recovery system
should be determined following analysis of all of the options. Important
varlfables {in.lude:

= quantity of raw feedstock available;

= quantity of energy generated/quantity of resgidue generated;

- plant thermal encrgy requirements;

- plant mechanical and elecirical power requirements;

~ requirements of the local eaergy mirkat;

— requirements of the local fertilizer market {for anaerobic digesters);

- degree of automation, monitoring and control desired

~ degree of system redundancy desired; and

~ seasonal variations in feedstock supplies.

7.2 ESTIMATION OF CAPITAL COSTS

The base caplital costs include land, site development, buildings and
equipment, engineering and legal fees, and plant start-up and shakedown.
Financing during construction should be included elsewhere in the debt gervice
calculations, along with further escalation to reflact the impact of inflation
on construction costs prior to ground breaking.

Iﬁ the U.S., a large scale, modern, mass-burn waste incinerator with
eénergy recovery costs roughly $125,000 to build per ton of waste processing
capaclty. Anaeroblc digestlon Systems cost roughly $400 per cubic meter of
sludge digestion capacity. See the visit books in Appendices A and B for costs

associated with sgpecific projects.
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7.3 ESTIMATION OF ANNUAL COSTS
In addition to the initial capictal cost of an energy recovery facllity,

the annual operating.costs must be determined. They can be broken down into two

areas:
0 Annualized capital costs or debt gservice; and

o Operating and Mainténance (0&M) costs.

Annualized capital costs consist of interest payments on borrowed capital
and the payback of that capital. These costs must be pald whether the plant
operates at full capacity or not. The annualized cost of borrowed caplital is
dependent upon three factors: the financing approach used, the bond interest
rate, and the lcan term. The {nterest rate used for this analysis should
reflect the current rate obtainable for silmilarly scaled projects. The loan
term 15 based on the expected useful 1ife of the facility, usually considered
to be 20 years, and the term of the energy purchase agreement, whichever Is
shorter.

Annual operating and malntenance (0&M) costs are thoge costs which are
necessiry to keep a facility operating. These costs include the following

items:

o Labor - dependent upon local wage rates, number of personnel required
and type of facility;

0 Maintenance - materials and labor used for cleaning, repairs and
routine maintenance;

0 Auxiliary materials and energy usage — includes chemical, supportive
electricity, auxiliary fuel, pumps, test equipment, water needed
to operate facility and peripheral equipment, rolling stock;

0 Sludge or residue disposal - a function of degree of stabilization,
volume reduction and available disposal alternatives;

o Malntenance reserve fund - to cover major mainteaance needs, such as
the replacement of heat exchangers, pumps, boller tubes or refractories;
and

¢ Insurance.



7.4 ESTIMATION OF REVENUES

The amount of energy revenues produced by an energy recovery facility
18 a function of the quantity (and characteristics) of the feedstock that isg pro-
cessed, the degree of beneficial utilization of the stabilized sludge or residue,
the Lype of energy produced (low quality gas, high quality gas, steam or elec-
tricity), and the price of energy from competing sources. The nrice received
for the energy sold is usually based on the market's existing energy production
costs, often including a discount as an incentive for a long-term contract.
Typically, price increases are indexed in some way to that of the fuel displaced

by the recovered energy.

7.5 LIFE-CYCLE COSTING

It is common practice in the evaluation of public works projects to
assess their economics on the basis of the first year of operation; however, the
first year of operation of an energy recovery project 1is not indicative of its
potential economic performance in the future. To be accurate, any evaluation
of project feasibility should involve the assessment of facility economics over
the planned life of the facility. Such a life-cycle costing methodology
involves projecting costs and revenues over the 15 or 20 year Planning period
based on assumptions about inflation and the rate of escalation of energy
revenues, and the cost other competing sludge disposal methodologies.

For a preliminary analysis, 1t can be assumed rhat operating and main-
tenance costs (including labor, parta« utilities, and ultimate sludge or reslidue
disposal) will increase with inflation, although this can be examined 'n the
Sensitivity Analysis (see Section 7.6) 1f destired.

The escalation rate for energy revenuer 1s more difficult to predict and
will depend on how the contract with the energy purchaser is dtructured. I¢ {:
usual for such contacts to contain a pricing mechanism which pegs the price of
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recovered energy to a conventional fuel, usually the one that 1g being displaced.
It 18 recommended that local utility projections of annual cost escalation be
used wherever possible. The escalation rate used for energy revenues should

be the sum of the inflation rate and the real value escalation rate asrumed for
- Yauce

the analysis.

In order to properly evaluate che municipal solid waste incinerator
alternative, it ig necessary to determine, for comparison, the life-cycle costs
tor landfill over the planning perfod. The captial costs for a landfill include
purchase of the land itself, 1ts initial preparations and the purchase c¢f
earth-moving equipment. Annual operating costs include the debt service,
labor, maintenance, machine fuel, maintenance reserve funds and insurance.
Landf{1l costs can be assumed, conservatively, to escalate at the rate of
inflation.

It 1s oficun the case that incineration will be more expensive than landfill
during the early years of the analysis; however, in most cases, the incineration
alternative will become cheaper than landf1lling before the end of the planning
period. 1If this occurs before the mid-point of the Planning period, then Incin-
eration can be considered to have definite potential as a cost-efrective solid
waste management alternative. If thls occurs after the mid-point, then incin-

eration may not Y a cost-effective alternative.

7.6 SENSITIVITY ANALYSIS

In developing tle economic analysis of the previous gection, assumptions
based on predictiong of the future behavior of the economy were made. As the
future 1s unknown 1t I8 necessary to agsess the impact that any deviations from
the predictions will have on the economics of a project. It {is particularly
useful to conslider "worst case" scenarios in order to focus attention on the

inherent :rigks of regource recovery. “Best cage" scenarios are valuable inp
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that they highlight the need to structure the project so that potential savings/
profits are shared equitably, although they should not be used to raise expectations
unreasonably.

The following factors are prime candidates for consideration in sensitivity
anal}ﬁia for resource recovery:

o Debt rervice;

0 Energy revenues;

0 Inflation rate;

o 0&M cost escalation rate;

0 Feedstock quantity; and

0 Cost of ultimate sludge or residue disposal.

The debt service payment could be afferted by the financing approach
used, the interest rate obtainable at the time the bonds are issued, and a
greater than anticipated initial capital investment due to cost overruns and
the reguirement for significant modifications during start-up and shake-down.

The future revenues from the sale of energy could be greater or lower
than anticipated due to a number of occurrences. The cost of the energy markec's
displaced fuel could escalate at a higher or lower rate than expected. The
high cost of the displaced fuel could prompt the market to convert to a cheaper
energy source. The energy market could go out of business or cleose the plant
using the recovered energy. Poor system reliability could result in less feed-
Aatock being processed and lesgs energy being produced and sold. Protection
agalnst some of these negative occurrences is available through contractual
meanc, but others represent risks which cannot be avoided.

The principal effect of inflaticn on the economics of a resource recovery
project 1s on the relative value of the debt service compared with other operating

costs and revenues. A low inflation rate will result in the debt service over
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the life of the.project being higher (in real terms) than anticipated.

The 0&M cost of a facility could increase at a faster rate than inflation
and/or could be higher than anticipated, due to repeated equipment failures.

A lower than anticipated quantity of feedstock delivered to the facility
could also have a significant {mpact on project economice, since revenue would
be significantly reduced without corresponding reductions in debt gervice and,
to a lesser degree, O&M costs.

The ultimate cost of disposing of certain sludges or residues could
increase rapidly if biological/heavy metal/toxin contamination occurs to a
significant degree, or i{f open space for land disposal becomes scarce.

The sensitivity analysis should examine those factors which are of
particular concern in each individual case. It is useful to examine each
factor separately so that its impact on project economics can bhe Judged.

"Worst case” and "best cast” scenarios can also be developed where several

factors are adjusted at a time.



8.0 PRODUCTS

While many components of blomass energy conversion systems are custom
built at the project site, certain types of pre—-fabricated equipment are
avallable. This chapter organizes U.S. manufacturers' products and presents
them in matrix form. There are separate matrices for Anaerobic Digestion
related products and Municipal Solld Waste related products. Products avallable
range from individual components to integrated, turn-key systems.

The information presented here is based on product literature obtained
through a mailiag to U.S. manufacturers. Only those manufacturers who responded
are Included in the listing. As such, the information in this chapter 1s repre-
sentative of U.S5. blomass energy products but 1t 1s not all-inclusive.

The actual product literature recleved from the mailing 1s filed by
category in the REFT Pro -ct Library. At the end of this chapter are the names

and addresses of all of the manufacturers identified in the matrices.
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8.1 ANAEROBIC DIGESTTION PRODUCTS
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8.2 MUNICIPAL SOLID WASTE PRODUCTS
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8.3 MANUFACTURERS' ADDRESSES
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BIOMASS MANUFACTURERS

American Pulverizer Company
5540 West Park Avenue

St. Louls, Missouri 63110
Phone: (314) 781-6100

American REF~FUEL Company
14701 St. Mary's Lane
Houston, Texas 77079
Phone: (713) 87¢-7819
Televx: 794592

Basic Environmental Engineering, Inc.
21H161 Hill Street

Glen Ellyn, Illinoils 60137

Phone: (312) 469-534)

Bechtel Power Corporation

15470 Shady Grove Road
Galthersburg, Maryland 20877-1454
Phone: (301) 258-3000

Brule C.E.S&E.

13920 South Western Avenue
Blue Island, Illinoils 60406
Phone: (31z) 388-7900

Caterpillar

Alban Engine Power, Inc. (distributor)
1401 Cherry Hill Road

Baltimore, Maryland 21225

Phone: (301) 355-6700

Telex: 87-695 ALR ENG CH BAL

Cleaver-Brooks

P.0. Box 421

Milwauvkee, Wiscousin 53201
Phone: (414) 962-0100

Cogunic

Energy Systeus, Inc.

127 East 64th Street

New York, New York 10021
Phone: (212) 772-7500

Coztustion Engineer!ng
Power Systems

1600 Prosgpect Hill Road
Windsor, Connecticut 06095
Phone: (203) 688-1911

Cunmins Engine Company, Inc.
Columbus, Indiana 47202~3005
Phone: (812) 377-5000

Telex: 217411

TWX: 810-352-1278

Detroit Stoker Company
1510 East First Street
P.0O. Box 732

Monroe, Michigan 48161
Phone: (313) 241-9500
TWX: (810) 231-7293

Dings Company

Magnetic Group

4740 West Electri~ Aveuue
Milwaukee, Wisconsin 53219
Phone: (414) 672-7830

Ecolaire Combustion Products, Inc.
P.0. Box 240707 .

11100 Nations Ford Road

Charlotte, North Carolina 28224
Phone: (704) 588-1620

Telex: 572-549

Econotherm

Energy Systems Corporation
P.2. Box 1229

Tulsa, Oklahoma 74101
Phone: (918) 272-5371
TWX: 910-845-2137

Empire Generator Corporation
W190 N11260 Carnegle Drive
Germantown, Wisconsin $3022
Phone: (414) 255-2700

TWX: 910-250-3624

Eriez Magnetics
P.0. Box 10608
Erie, Pennsylvania 16514

Fermont Division

Dynawmics Corporation of America
141-T North Avenue

Bridgeport, Connecticut 06608
Phone: (203) 366-5211

Telex: 964365 Fermontexp



Generac

P.0. Box 8

Waukesha, Wisconsin 53187
Phone: (414) 544-4811
Telex: 26-9687

General Electric Company

530 Franklin Street

Schénectady, New York 12345
Phone: (800) 626-2001, ext. 990

Gruendler Crusher

12955 Maurer Industrial Drive
St. Louls, Missouri 53127
Phone: (314) 845-3700

Telex: 42-047

The Heil Company

Engineered Systems Division, Shredder Group

3000 W. Montana Street
Milwaukee, Wiscousin 53201
Honda Power Products

Cycles Arlington (distributor)
4219 Arlington Boulevard
Arlington, Virginia

Phone: (703) 525-5000

International Allied Associates Corporation

(INTACORP)
(Consumat Distributor)
1940 Harrison Street, Suite 3063
P.0. Box 2268
Hollywood, Florida 33022
Phone: (305) 920-5506
Telex: 514468 INTACORP HLWD

International Diesel Electric Company,
Inc. (IDE)

100 Midland Avenue Extension

Middletown, New York 10940

Phone: (914) 342-3994

Telex: 996551

Tnternational Incinerators, Inc.
P.0. Box 19

Columbus, Georgia 31902

Phone: (404) 327-5475

Jeffrey Manufacturing Division
Dresser Industries, Inc.
P.0. Box 3080

Greenville, South Carolina 29602

Katy-Seghers Inc.

Fulton Iron Works

3844 Walsh Street

St. Louis, Missouri 63116-3399
Phone: (314) 752-2400

Telex: 44-2381

KW Energy Systems, Inc.
P.0. Box 150/75 Otis Streect
Northborough, Massachusetts
Phone: (617) 393-7855

01532

National Recovery Technologies
105 28th Avenue, South
Nashville, Tennessee

Phone: (615) 329-9088

37212

The O'Brien Machinery Company
Green Street & Powerhouse Place
Downingtown, Pennsylvania 19335
Phone: (215) 269-6600

Telex: 835319

0'Connor Combustor Corporation
107 Music City Circle
Suite 101

Nashville, Tennessee
Phone: (615) 883-0078
Telex: 786597

37214

Odgen Martin Systems, Inc.
140 East Ridgewood Avenue
Paramus, New Jersey 07652
Phone: (201) 599-2400

Onan Corporation

1400 73rd Avenue, N.E.
Minneapolis, Minnescta
Phone: (612) 574-5000

55432

Ormat Systems, Inc.
500 Dermody Way
Sparks, Nevada 89431
Phone: (702) 356-9111

Perennial Energy, Inc.
P.0. Box 15

Dora, Miassouri 65637
Phone: (417) 261-2204

Pincor Products

11600 West King Street

Franklin Park, Illinois
Phone: (312) 455-3456

60131



Solid Fuels, Inc.

One Salt Creek Lane
Hinsdale, Illinois 60521
Phone: (312) 789-6677

Sommer Electric Ccmpany

1432 E. Louls Avemue

Elk Grove Village, Illinois 60007
Phone: (312) 956-1222

Telex: 206562

Stearns Magnetic

6001 South General Averue
Cudahy, Wisconsin 53110
Phone: ({(414) 769-8000

Stirling Technology, Inc.
9 Factory Street

Athens, Ohio 45701
Phone: (614) 594-2277

Thermo Electron Corporation
Tecogen Sales and Sales

45 First Avenue

P.0. Box 459

Waltham, Massachusetrs 02254
Phone: (617) 890-8700

T & J Manufacturing, Inc.

Foot of Nebraska Street

P.0. Box 200

Oshkosh, Wisconsin 54902-0200
Phone: (414) 231-8217

Telex: 26-0165 (ELECPOWR-OSHK)

Universal Engineering Corporation
800 First Averue, N.W.

Cedar Repids, Iowa 52405

Phone: (319) 365-~0441

Telex: CRUSHER HQ-CDR 46-4443

Vicon Recovery Systems, Inc.
10 Park Place

P.0. Box 100 Butler Center
Butler, New Jersey 07405
Phone: (201) 492-1776

Wabash Power Equipment Company
444 Carpenter Avenue

Wheeling, Illinois 60090
Phone: (312) 541-5600

Telex: 28-2556

Waukesha Engine Division
Dresser Industries, Inc.
Waukesha, Wisconsin 53187

Western Engine Company

Power Systems Division

750 Route 53

Itasca, Illinois 60143-1392
Phone: (312) 773-5700

TWX: 910-991-1647

Telex: 283-457

Westinghouse Electric Corporation
Combustion Turbine Systems Division
P.0. Box 251

Concordville, Pennsylvania 19331
Phone: (215) 358-4980

Telex: 83412

Williams Patent Crusher &
Pulverizer Company

2701 North Broadway

St. Louis, Missouri 63102

Phone: (314) 621-3348

John Zink Company

4401 South Peoria Avenue
P.0. Box 702220

Tulsa, Oklaiioma 74170
Phone: (918) 747-1371
Telex: 497414



