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The reactor option is much more costly; the aerated pile costs, 
however, are slightly worse for labor-intensive model B and slightly better 
for models C & D by about US$4/ton in NPV terms than the base case economic 
models. The potential advantage of the aerated pile system is that the 
process is somewhat more controLLed.in terms of uniform temperature achieved, 
which is critical in destroying the pathogens in the night soil sludge and 
septage and thus removing them from the environment. The aerated piie system 
should be investigated as the system of lowest cost when considering co- 
cornposting. 

Sensitivity of the economic models to Land pricing was also tested. 
There was a marginal impact of higher Land prices on the models’ indicators 
for the with or incremental bottom lines since land is a relatively minor 
component of the compost plant net with project , and increased costs there are 
offset by increased benefits (Landfill forgone) in the without. The real 
impact of land prices was seen in the widening of the difference between the 
net with and net incremental indicators. The relative land valuation might 
become critical in the situation where sanitary Landfill options are no longer . available within a reasonable distance to the waste source. 

Sensitivity tests on a combination of factor:3 were also carried 
out. These are intended to demonstrate the potential cost effectiveness of 
co-composting in specific local situations that might be more favorable than 
assumed for the base case analysis. These sensitivity results are presented 
for Model A - 3tpd economic base case in table 46 below. 

Table 46. Sensitivity Tests - Multiple Change 

Category 
Model A - 3tpd - Economic 

X Change from Base Case 

Line Item Changes 
Compost revenues +100 +so + 2s +100 0 
Recycled revenues +lOO +so + 2s *so 0 
Reduced Landfill costs (without project) 0 +100 +100 +50 +200 

Results 
IRR - incremental 
NPV/Ton - incremental (12%) 

+18.3 +lS.S +9.6 +17.5 +3.3 
+ 3.0 4~1.6 -1.1 +2.6 -3.8 

Prom the illustrative calculations done here one may conclude that, 
if local conditions correspond to any of these sensitivity scenarios, further 
detailed investigation is warranted. However, any significant investment in 
composting should be done only after detailed analysis of potential markets 
and a commitment has been made to actively market the compost and recovered 
recyclables. 



Many other sensitivity tests have been carried out and a copy of the 
Lotus 1-2-3 template can be made on diskettes (one S-1/4” IBM format required) 
sent in by interested persons. A short user’s manual will also be provided on 
the diskette explaining the structure of the template. There are customized 
menus that allow the selection of model size, economic or financial prices 
(factors), as well as various sensitivity tests for IRR and NPV/PV on 
investments, operating and maintenance, recycled materials, sales, compost 
sales, tipping fee and without project (-100 percent, -50 percent, +lOO 
percent, +200 percent, +300 percent, +400 percent, +SOO percent). A custom 
menu for printing the assumptions, or results, is also included. For those 
readers familiar with the Lotus 123, any of the assumptions outlined in this 
chapter can, of course, be changed to allow for analyses of specific 
situations: (1) where compost values (prices) may be higher than the base 
case assumptions because of, for example, scarce or poor quality land, large 
horticulture industry, or shortages of inputs; (2) where a subset of the 
domestic solid waste collected may not require sorting prior to co-composting, 
as in produce markets; or (33 where sanitary landfill of domestic solid waste 
is not an option such as when there exists a high water table or scarcity of 
land and co-composting is thought to be a cost-effective component of the 
waste management. 
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SUNNARY 

Refuse collection, treatmmsnt, and disposal im one of the major 
problems facing urban planner8 and operator8 in auny developing countries 
today, in addition to the problems ammociated with inadequate treatment and 
dimpomal of human wamtem. 

Unmightly pile8 of wamte, drains clogged with refumc and night soil, 
open mewerm filled with human and domemtic wastes, end meptic tank mludge 
duaped in the open are all examplem of waym in which the urban environment is 
being polluted today in many citiem and towns of the developing world. City 
dwellarm are being exposed to dimeamem transmitted by pathogens present in 
theme wamtem am well am to the nuimancem produced by the l ituation. Further- 
more, the volume of wamte being produced im rapidly increaming with the influx 
of rural dwellerr into the urban environment. Indeed, proper refume and human 
wamte management is fart becoming a priority in army citiem in developing 
countricm that are rapidly growing in mite. 

In the preceding chapter8 , co-compomting of garbage with human wastes 
ham been described in detail through both a review of the literature and 
economic and financial models, with dimcummion centering on the following 
immuemt 

the robumtnemm of the aerobic comporting procemm 

the variety of available compomting mymtemm 

the possibilities of to-compomting different wamtem 

the effectiveness of efficient comporting l ymtcmm in destroying 
dimeame-causing organimmm 

the many usem of compost 

the economics of different-mized comporting mymtemm. 

The choice of co-composting am a wamte treatlaent alternative for 
garbage and human wamte mumt be conridered in the light of other existing 
treatlaent alternatives much am landfilling, incineration, and the ocean 
dumping of mludge. 

Before deciding to compost, the planner mot consider and review 
meverai bamie faetorm aiready de scribed in previoum chapters. Thim includes 
iafotlution on the wamte material; transport of the wamtem and the compost 
that is produced ; 
uiatenke coats; 

aurrketing of the product; the conmtruction, operation, and 
the location and land requitemntm of the plant: and the 

type of plant that would be moat muitable for producing comport under local 
conditions. If the decimion im taken to conmider comporting am an option for 
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waste treatment and aunagcment, the role theme factors will play in ensuring 
the muccemm of a comporting operation must be mtremmed. Sow of the more 
significant elements are reiterated below, 

UASTB HATERIAL 

It is important to determine the nature and composition of the wastes 
to be composted. Such basic information will be of use later when the time 
comes to choose an appropriate composting system. Furthermore, it is useful 
to know how the collection of theme wastes would fit into the overall waste 
Banagement system (e.g., landfilling and incineration) and if there are 
already waste-recycling activities to which this could be added, such as 
organized sorting of garbage for recyclablea or scavenging and biogas opera- 
tions. 

MARKET 

Is there a mwket for any compost that might be produced? Perhaps 
there are crop farmers or horticulturists in the city outskirts who would use 
it to improve the quality and productivity of their crops. Maybe the public 
or private sector is involved in a landscaping program, or perhaps there is 
badly eroded topsoil or sandy and/or clay soils that could be reclaimed for 
productive use. The financial viability of co-composting garbage and human 
waste is dependent on a well-developed market that is willing to pay at least 
for the costs of production. 

COMPOST PLANT 

Next, we ask about the type of plant, taking into consideration 
possible location, availability of trained technical staff and manual labor, 
and financial resources to cover capital and operating costs, in order to 
determine which myrtem would be most appropriate for the city. Economic and 
financial feasibilitiem will be of importance in considering the costs 
involved for a specific system. The planner may often find that a simple 
windrow or forced aeration system will best suit the capabilities of the 
establishment and will be therefore most effectively run. There is aLso the 
consideration of the potential for manufacture nationally, thus reducing the 
requirement for foreign exchange components. 

PILOT SCALE COMPOSTING 

Once the waste materials and composting system have been identified, 
it is useful, if a large-scale operation is being planned, to start with a 
pilot plant. This will serve two purposes: firet, the prospective operators 
will become familiar with the process; second, it wiL1 serve as a good public 
relations exercise to produce small amounts of compost for sale or as mamples 
for the potential market. 
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BENEFITS AND JUSTIFICATION 

Finally, what benefits accrue from the separation/compost opera- 
tion? There are those that can be readily quantified, such as reducing the 
need for sanitary Landfill of garbage and recovrring materials for industry, 
which often obviate importation or mining of Llimilar industrial materials. 
For specific waste management activities, the careful integration of 
composting operations should allow for more efficient collection networks, the 
savings of which can easily be quantified and used to offset the cost of 
compogting. In addition, it should be relatively simple to demonstrate the 
benefits of compost in terms of improved soil productivity, measured as 
increased yields and/or reduction of other inputs (fertilizers and water), and 
easier tillage. This can easily be carried out in a controlled trial using 
compost produced locally on a trial basis for two or three cropping seasons 
perhaps at the pilot compost plant. 

Other benefits, 
longevity of the soil, 

such as the effect of compost on the quality and 
the reduced health risk of having pathogenic material 

in the environment, and the improved aesthetic quality of the surroundings, 
are difficult to quantify but are of importance in ensuring adequate mainte- 
nance of the environment. 

There are many examples in the world where the high costs of environ- 
mental degradation are plainly seen with hindsight but were not quantified at 
a time when something could have been done to prevent them. The valuation of 
productive soils in the future may be much greater than we now can quantify 
and, with hindsight, composting may eventually look more attractive. 

Situations in which the economic models will show that composting is 
economically viable or the least-cost waste management alternative are quite 
site-specific. Where landfilling of waste is very costly due to high land 
values or high transport costs, composting may become the Least-cost alter- 
native for waste management. Often the composting plant can be Located in 
much a way as to reduce collection and landfill costs, both of which should be 
included as benefits when evaluating least-cost waste management alterna- 
tives. The marketability for the compost is the other critical benefit, At 
the present time horticultural nurseries in peri-urban areas and desert land 
reclamation areas offer the best economic returns. It is possible, however, 
that the economic benefits from improved soil structure are considerably 
greater than has been generally appreciated, although the analysis in this 
report does not attribute any specific economic value to such improvement, 
simply because there is a lack of empirical field data from which to quantify 
economic returns. Were such quantification to be available, it is Likely that 
the models prepared for this report would show that composting is also 
economically attractive under ather conditions. 

To embark on a large compo;;rting operation is to embark on a Long-term 
activity which ensures both the improvement of soil for agricultural purposes, 
at a time when increased food production is so important, and the conversion 
of waste materials into resources. 



OTHRR NETNODS OF CPCOHPOSTIlG MITE SWACB SLUDGE AUD BIGHT SOIL 

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH BARR 

The composting of sludge and night soil together with bark is carried 
out in both reactor and nonreactor systems. The use of bark depends, of 
course, on the availability of the material (for example, on the location of a 
wood-processing plant in the vicinity or within easy transport distance). 
Table A-l describes some of theme systems. In all cases, the temperatures 
achieved during the composting period would indicate adequate pathogen 
removal. In compost plants where bark is used a-8 a bulking agent, odor 
control does not appear to be a problem, possibly because of the odor- 
absorbing properties of the bark. Problems can occur if the wood ham been 
treated with pesticides, since they may persist in the compost. 

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH STRAW 

Straw is a waste material that is readily composted with sewage 
sludge in reactor as well as nonreactor systems. The examples described in 
table A-2 are of both types (though mainly the Latter). The use of straw in 
composting is common in farming communities but is not Limited to them. As 
table A-2 indicates, a windrow compost product can be ready within 4 months of 
starting the process. Forced aeration would speed up the composting process. 

SEWAGE SLUDGE AND NIGHT SOIL COMPOSTED WITH WOOD CHIPS 

The Beltsville aerated static pile composting process is well 
documented and reviewed in the literature (see, for example, Nurizzo 1981). 
The windrow method of composting sludge with wood chips is also well 
documented. The two processes are similar in terms of product quality but the 
windrow method appears to be more suitable for digested than for raw sewage 
sludge. The forced aeration process is also used for composting night soil 
(Patterson and Rogers 1979; Shuval, Gunnerson, and Julius 1981). 
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Table A-l. Colposting of Sludge and Night Soil with Bsrk 

Raw materiel ProCOSS Description Reference 

Night soil 
end bark 

WY 
bmar 1 
toi let 

Bark was added to night 
soil in dry toilets et 
the rate of 4 parts bark 
to 1 part night soil. 
Tefsperetures of over 60° C 
were achieved. 

Alestslo end 
Koistinen 
(1975) 

Sludge end 
bark 

Windrows Bark end sludge (end 
other wastes) were mixed 
together end conposted to 
produce w&ebe,w a market- 
able product. 

Adems (1971) 

Digested 
-we, 
sludge, 
end bark 

open 
baskets 

Dewetered digested sewage 
sludge was mixed with bark (1:3) 
end -posted in large besksts 
that could be easily stacked. 
Temperatures of up to 75’ C were 
ette i ned . The retention time 
in the baskets was 9-12 weeks 
followed by 3-4 weeks maturation 
in piles to produce wRindekcepost.w 

Raw deretered W i ndrows Dewetered sewage sludge (25 
sewage s I udge percent solids) mixed with 
end berk bark (1:3) and composted 

in wlndrows for at least 21 
days. In general, tempere- 
tures of 50-75’ C are mein- 
telned for et least half 
of this time, although 
it is less in the winter. 

Dewetered 
sewage 
sludge end 
berk tend 
recycled 
wPost) 

Verticei 
reactor 
with 10 
levels 
Dembech 
Schnoor 

Dewatered sludge (22-25 per- 
cent solids) is mixed with 
bark (2:l) and fed into a 
IO-level reactor. Retention 
time Is 50 days end ntove- 
ment from level to level 
through traps in floor 
occurs every 3 days. Tw- 
peretures are usually mein- 
talned et 70° C or higher 
for about 10 days end over 
50 ’ C more than 15 days. 

Wesner f 1978 1, 
Oiver (1980) 

Schwlnhsussr 
(19781, 
Bidlingmeier 
(19791, Tebessren 
(19801, Tebessren 
et al. (1981) 



Table A-2. CarpostIng of Sludge end Night Soil with Strew 

Raw materiel Process Description Reference 

Raw dewstored WI ndrows (Full-scale experimental Wuhlecker 11980) 
sewkge sludge plant.) The sewage sludge 
end strew (25-30 percent sol ids) was 

mixed with strew (1:l 
volume) end composted in 
windrows, which were turned 
regularly (8 times) for 3 
months. At the end of this 
time the compost was reedy 
for use. Temperatures of 
55-60° C were regularly 
achieved even in some of 
the colder glonths. 

Raw dewetered W i ndrows Experiments. The sludge 
sewage sludge (21.8 percent sol ids) was 
end strew mixed with strew et a ratio 

of (28:l). Temperatures of 
55-62’ C were maintained 
in windrout, which were 
turned once weekly for 3 
months (in earlier stages 
there were problems with 
fly control 1. 

Tebeseren end 

Digested 
sludge and 
strew 

S-age 
sludge end 
strew 

WI ndrows Exper i ment . 
Digested sludge was mixed 
with strew et a ratio of 
1:1.25 in windrows for 6 
weeks during which tempere- 
tures of 65-70’ C were 
ech loved as above, except 
the retlo of mixture was 
1:s of sludge to straw. 

eiaist 
w i ndron 

The strew is chopped and 
mixed with the sewage sludge 
and then sprayed out into 
a windrow. 

Isusterer (1979 1 

Klausing 
(1975), 
Bldlingmeier 
end Tebesaren 
(19801, 
Bidlingmaiar 
(19791, 
Bidlingmaier and 
Bickel (19801, 
Streuch, Berg, 
end Fleischle 
(1980) 

Bidl ingmeier 
(19791, 
Bldlingmeier end 
Bickel (19801, 
Bidl lngmeier and 
Tebaseren (1960) 

(cont.1 
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Table A-2 (cont.) 

Rer materiel Process Description Reference 

Sewage 
sludge and 
strew 

Dembech 
Schnorr 
reactor 

Dewatered sewage sludge 
is mixed with chopped 
strew (end/or other bulking 
agents) end fed into the 
reactor, which has a reten- 
tion time of 34 days. 

ler 
#I (1980) 

Bidl ingma 
and Dicke 

Table A-3. Description of the Deltsville Aerated Static Pile 
end Windrow Cumposting 

Raw meteriel Process description Reference 

Sewage sludge and 
wood chips (rindrow) 

Sewage sludge and 
wood chips (aerated 
pile) 

Night sol I (toi let 
wastes 1, paper, 
waod chips (aerated 
PI 10) 

Dlgested sewage sludge is mixed 
with wood chips (1:3 volume 
ratio) in windrows 1.8 meters 
high and 2.1 meters wide. The 
windrows are turned daily for et 
least 2 weeks, then they are 
spread outp dried, end cured for 
30 days. The wood chips are 
screened out for reuse. 

Del lair0 
(1978) 

Raw sewage sludge(22 percent solids) 
is mixed with wood chips, and then 
transferred to a composting pad 
consisting of wood chips spread 
over perforated piping. Air is 
drawn through the pipe into a 
compost filter, The pile is 
mainteined for 21 days followed 
by screening end drying. Tempera- 
tures of 55’ C are achieved 
throughout the pi le. 

The night soil is mixed with paper 
end wood chips on a concrete pad 
end then transferred to the can- 
posting pad, which is a bed of 
wood chips covering a perforated 
PIPS. Air is drawn through the 
pipe into a compost filter. The 
pile is mrinteined for 21 days at 
temperatures of 60’ C for most 
of this time. The compost is then 
cured for 30 days. 
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The two processes using sewage sludge are described briefly in table 
A-3 together with a process using night soil (from chemical toilets). It 
should be noted that it is not essential to use only wood chips in the 
Beltsville process; other organic bulking agents (for example straw, 
woodbark) may also be used. Detailed experiments carried out on pathogen 
removal using the Beltsville aerated pile process have shown it to be 
efficient at reducing the pathogen content of the product (Burge, Cramer, and 
Epstein 1976; Burge, Barsh, and Millner 1977; Burge and Millner 1980). 

SEWAGE SLUDGE AND NIGBT SOIL COMPOSTED WITB OTBEB MATERIALS 

Many other raw materials have been composted together with sewage 
sludge and night soil. Some of these are described in table A-4 to show the 
versatility of the process. 

In many areas, 
sludge and/or night soil. 

animal wastes are composte.1 together with sewage 
As noted in chapter 3, this should have no adverse 

effects on pathogen control. 

Table A-4. Rethods of Cunposting Sewage Sludge with Other Bulking Agents 

Reu meteriel Process Description Reference 

Sludge, mush- 
roam wastes, 
poultry wastes, 
organic bulking 

en* 

Biolnist 
w I ndrow 

The mixture is sprayed out onto a 
w I ndrow . 

Mach (1978) 

w 

Raw sewage 
sludge end 
sewdust end 
recycled 
c-P=* 

Kneer 
bioreac- 
tor (EN 
system) 

BAV 
bioreac- 
tor 
(open 1 

The mixture is retained in the reec- Mach (1978) 
tor for 14 days. Temperatures of 
60-85’ C are maintained for most 
of this time. Then the raw compost 
is matured for 6-8 weeks in a windrow. 

Cawatered raw sewage (25 percent 
solids) is mixed with sawdust and 
return compost (50, 10, end 40 
percent, respectively) and fed into 
a cylindrical reactor, which is 
open at the top. Retention time is 
3 days. This is followed by 6-8 
weeks of maturation in windrows. 
Temperatures of 75-80’ C are 
reached. 

Oger (19811, 
Bidlingmaier 
(19791, 
Bidlingmaier 
and Tebasaran 
(19801, 
Tabesaran 
et al. 
(1981) 

(cont.) 
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Table A-4 (cont.) 

Raw material Process Description Raf erence 

Ran semage BAV 
sludge and bioreac-- 
peat, straw tor 
lignite. (own 1 

As abov8, except mixture is 1:l. Wolf (1974) 

Raw sewage 
sludg8 and 
sawdust and 
recycled 
f=P=t . 

WSiS 

bioreac- 
tor 
(closad) 

The dewstored sewage sludge (25 per- Bldlingmaier 
cent solids) is rpixed with sawdust (19791, 
and recycled compost and fed Bldlingmaier 
into a closed cylindrical reactor, and Bickei 
mhere it is retained for lo-14 days. (1980). 

Bidtingmeier 
end Tebassren 
(1980), 
Tebaseren 
et al. 
(1981) 

Swego sludge 
end p8et 

Sewage sludge 
end rice hulls 
end recyci8d 
capost 

kwage sludge 
end shrsdded 
papsr 

Sewage s I udg8 
end ssrdust 
(also recycled 
CaPost 1 

Biohum 
process 
w i ndrow 

Trough 
fermenter 

Feirf ield 
digester 
reactor 

Trlge 
process 
eel I 
reactor 

The raw materiels are mixed 
together end ccmposted in a 
w I ndrow . 

The digested s8wage sludge is mixed 
with rice hulls end finished compost 
(1:l:l volume) and fed into a trough 
where it is composted for 2 weeks 
by forced aeration end turning. 
This Is followed by l-2 months of 
meturet ion. Temperatures reach 
up to 7o” c. 

Dewetered sewage sludge Is mixed * 
with shredded paper end fed into 
a reactor. The retention tlme is 
7 devs anr! temeeretures reach 
70° C during rhls time. 

Mach 
(1978) 

Wesner 
(1978) 

The sewage sludge (15-20 percent 
solids) is mixed with sawdust at a 
retio of 1:s wt end fed into 
a vertical reactor consisting of 
four cells. The retention time is 
12-15 days and t8mperetures of 
70-80’ C are achieved. Metura- 
tion occurs in piles fin a shed) 
In which tecnperetures often reach 
so0 C. 

Schneider 
(1981) 

(cont. 1 
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Table A-4 (cont.) 

Raw material Process Bescription Reference 

Sewage sludge 
and sawdust 
(and other 
bulking 
materiel) 

Water 
hysc 1 nth , 
night soil, 
rice strew 

Night soil 
rice husks, 
grass 
cutt i rigs, 
briquette 
c i ndsr 

Windrows 

WI ndrow/ 
pi ies 

Windrows 
eerat ion 
by 
ver I ous 
methods 

The windrows are turned for 3 months 
and then sold es a product ‘Grow 
Rich.” The contents of the windrows 
are dewatered sewage sludge (30 per- 
cent solids) end sawdust et weight 
ratios 80:20. The maximum tempere- 
ture achieved Is 74’ C. 

Haamen 
(19771, 
Breer 
(1960) 

Experiment. Night soil, water Polpresert 
hyacinth, end fin some cases) end 
rice strew were mixed end com- Muttemera 
posted in piles for 2-3 months. (19801, 
Temperatures of 43-64’ C were Poipresert 
maintained for et least 8 days et al. 
in the coolest parts of the piles. (1982) 

Night soil is mlxed with different 
amounts of rice husks, grass cut- 
tlngS, or briqU8tt8S Of cinder into 
w I ndrows. These era aerated by 
various fII8thOdS. Temperatures of 
up to 70° C are achieved end 
HO0 C maintained for et least 
8 days. 

Kim end 
and Bee 
(1981) 
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SENAGE SLUDGE MD NIGHT SOIL COMPOSTED 
WITHOUT THE ADDITION OF BULKING AGENTS 

The processes described in table A-S indicate some of the ways in 
which sewage sludge or night soil can be composted without the addition of any 
bulking agents . In all the examples given, the sludge has to be dewatered 
before being mired with the recycled compost. (If night soil is used instead, 
some dewatering may also be required.) The temperatures achieved during 
camposting in the examples given here should be sufficient to ensure a 
relatively pathogen-free product if they are maintained for almost all the 
retention time and are kept uniform throughout the reactor. 

Table A-5. Uethods of Composting Sewage Sludge end Night Soil Alone 

Pew aeteriel Process 

Sewage sludge Laboratory 
and recyclad reactor 

laboratory scale reactor in 
which temperatures of 60-70° C 
were maintained. 

Description 

Dewatered sludge cake was 
successfully composted in a 

Reference 

Schuchardt end 
Beeder ( 1979) 

capost 

Dlgasted 
sewage sludge 
and recycled 
compost 
(also same 
sawdust 1 

Bioreec- 
tot 

D8WOt8r8d digested sewage 
sludge (20-25 percent solids) 
IS mixed with recycled CU8pOSt in 
a vertical reactor for 14 days. 
Temperatures of 60-70’ C are 
reached. The air drawn out of 
the reactor is passed into en 
activated sludge tank. MetUra- 
ration of ccnnpost takes place for 
6 weeks in windrows. 

Moilliet (1981) 

Sewage 
sludge end 
recyc I8d 
compost 

HKS 
process 

The sludge end recycled 
compost are added to a slowly 
rotating drum (which is 
stopped at night). The 
retention time is 24 hours 
followed by a P-week maturation 
period in a windrow. Temperatures 
of 60-75’ C are attained. 

ier Bidi ingme 
(19791, 
Tebaseren 
Bid1 ingme 
and Bicke 
(19791, 

(1960), 
lier 
‘I 

Spennes end 
Britsch (1977) 

(cont. 1 -- 



Table A-5 (cont.1 

Raw material Process Description Reference 

Dawetered 
tswege sludge 
end r8cyc I ed 
compost 

W 1 ndrow 

Sewage 
s I udge 
fdewetsred 1 
end recycled 
capost 

Dawetered 
sewage 
sludga end 
r8CyClbd 
caapost 

Raw or 
digested 
sewage 
sludg8 end 
recyc I8d 
capost 

Roed i ger 
Ferment- 
techn i k 

Forced 
eeret ion 
through 
fermenter 

Vertical 
reactor 
(Pi lot 
plant) 

The sewage sludge is mixed 
with recycled compost et a 
ratio of 3:2 end deposited es 
a windrow, which Is turned by 
a cueposter for 4 weeks. This 
is followed by 30 days of metu- 
ration. 

The sewage sludge is mixed 
with recycled compost and 
put in a vertical reactor. 
The retention tlma is 4-6 
days, efttr which the compost 
is put in J dryer for a further 
4-6 days; it is then pelleted 
end stored for sale. Tempere- 
tures of over 65’ C are 
attained in the reactor. 

The sewage sludge end recycled 
compost are mixed end ground and 
fed into the fermenters, where the 
mixture is OOrOt8d and turned. 
The retention tlm8 is 10 days 
end temperatures of up to 7S” C 
are attained. The compost is 
then graded end begged. 

The dewetered sludge is mixed 
with recycled compost and fed 
into a vertical reactor 
consisting of two levels. 
Retention time is 7-9 days, 
during which t8mperatures of 
65-70’ C are r88Ch8d end 
malnteined. 

Gunn (1980) 

Widmer and 
Konstendt (19781, 
Bidlingmeier 
(19791, 
Bidlingmeier end 
Bickel (19781, 
Tebeseran et al. 
(19811, 
Bidlingmeier end 
end Tebaseren 
(1980) 

Meebeshi (1980) 

(cont. 1 
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Table A-5 (cont.) 

Raw material Process Detscription Reference 

Raw sludge 
and recycled 

-P-t 

The dewatered sludge (60 percent 
moisture) Is mixed with finished 
compost three parts to two and the 
mixture is laid as a windrow 
over a bed of straw on a con- 
crete floor having an aera- 
tion-and-drainage systam. A 
Cubey cunposter is used to mix 
the motorists, The retention 
tima is 4 weeks, followed by 50 
days of curing. Temperatures 
resch 76’ C during this time. 

Digested 
or condi- 
tiowd 
sludge and 
recyc 1 ed 
compost 

Pel lets 
in piles 

The sludge is dewatered 
and passed through a mincer 
to make pellets. These are 
piled for up to 8 weeks after 
mixing with recycied ccmpost. 

Spohn 
(1933) 

r 
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Table B-l. Survival of Bacterial Pathogens during Cornposting 

Raw Temper- 
Pathogen Material ature Time Survival Source 

Type (Oc) x 

Bacillus 
anthracis 

Refuse/sludge 40-43 
in reactor 

E. coli 

E. coli 

E. coli 

_B, anthracis Refuse/sludge 65 
in windrow 

3 days 
7 days 

15 days 

2 weeks 

B. anthracis Refuse/sludge 58 
in reactor 74 

Bscherichia 55 
coli 

12 days 
12 days 

B. coli Dewa t ered raw 
sludge and SO-70 
wood chips 
in windrow 

14 days 

Refuse and 55 
sludge in 
drum 55 

Night soil and 29 
rubbish in 40 
pile, aerobic 
and anaerobic 

2 days 

7 days 

Raw sludge, 
digested 
s Ludge 

SO-70 
40-60 

3 days 
14 days 

kfycobac- 
terium 

Refuse . 65 14 days 

0 
0 

0 

0 
0 

o-01 

1 

0 

0 

0.01 
0 

(low) 
0 

0 

Miersch and 
Strauch (1978) 

Miersch and 
Strauch (1978) 

Miersch and 
Strauch (1978) 

Wiley (1962) 

Burge and 
Cramer (1974) 

Krogstad and 
Gudding (1975) 

McGarry and 
Stsinforth 
(1978) 

Burge et al. 
(1978) 

Morgan and 
MacDonald 
(1969) tuberculosis 

(cont. ) 
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Table B-l (cont.) 

Pathogen 
Raw 
Material 
‘Wee 

Temper- 
ature Time Survival Source 
(Oc) x 

Salmonellae 

Salmonellae 

Salmonella 

Salmonella 
SPP. 

Salmonella 
see* 

Salmonella 
see* 

Salmonella 
see* 

Salmonella 
dub1 in 

S. dublin 

S. newport 

S. paratyphi 

Refuse and 
sludge in 
windrow 

Refuse and 
sludge in 
reactor, 
4S percent 
H20, 15 
square 
centimetera 

Sewage 
sludge 

Refuse and 
sludge in 
windrows 

65 2 weeks 

40-43 3 days 
7 days 

15 days 

60-70 15 hours 

50 2 days 

Sludge 
windrow 

60 

Activated and 
primary sludge 
windrow 

Refuse compost 55 
(DANO) 

Refuse and 
sludge in 
windrows 

55-70 

Sewage sludge 50-70 
and wood chips 

Refuse and 
sludge windrow 

Sludge windrow 

8 days 

l-5 weeks 

3 days 
17 hours 

50 days 

14 days 

7-21 days 

10 days 

0 Faust and 
Roman0 (1978) 

high Wesner (1978) 

0 
0 
0 

0 

0 

Golueke and 
Gotaas (1954) 

Knoll (19591, 
quoted Wiley 
(1962) 

Burge and 
Cramer (1974) 

Gaby (1975) 

Epstein et al. 
(1976) 

Miersch and 
Strauch 
(1978) 

Miersch and 
Strauch (1978) 

Wiley and 
Westerberg 
(1969) 

Knoll 
(1958) 

(cont.) 
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I - 

Pathogen 
.RclW Temper- 
Material ature Time Survival Source 
Type (Oc) x 

I - 

S. paratyphi Garbage 30-65 68 hours 

S. paratyphi Feces and 
garbage 
windrow 

68 14 days 

S. seftenburg 

S. sef tenburg Refuse and 
sludge in 
windrow 

6S 2 weeks 

S. typhi Garbage 30-65 68 hours 

S. typhi Feces and 
garbage 
windrow 

55 40 days 

S. typhi Night soil 50 1 month 
and garbage 55 5 days 

S. typhi- Refuse and 65 
murium sludge 55 

2 days 
4 days 

3 days 
17 hours 

Shigellae 

_Sh. sonnei Garbage 

Sh. dysen- 
teriae 

Refuse and 
sludge in 
reactor, 
48’ C 
to HZO, 15 
centimeters 

Refuse 
compost 
DAN0 

Night soil 5 days 

40-43 

55 

60 l-3 days 
55 3-7 days 

0 Barth and 
Brauss 
(1967) 

0 Savage, Chase, 
and MacMillan 
(1973) 

3 days 0 Miersch and 
7 days 0 Sttauch 

15 days 0 (1978) 

0 Miersch and 
Strauch 
(1978) 

0 Barth and 
Brauss (1967) 

0 Savage et sl. 
(1972) 

0 
0 

Chinese Academy 
of Sciences 
(1975) 

0 Krogstad and 
0 Gudding (1975) 

0 Golueke et al. 
(1954) 

Baetgen 
(1962) 

Feachem et al. 
(1980) 

- not stated. 
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Table B-2. Survival of Viral Pathogens during Cornposting 

Pathogen 
Raw Temper- 
Material ature 
‘Owe (Oc) 

Time Survival Source 
x 

Bacterio- Sewage sludge 
ehw and grass, 

sewage sludge 
and refuse 

Bacterio- Sewage sludge 
ehage and wood chips, 

f2 sewage sludge 
and wood chips 
turned once 

II II 

II II 

Bacterio- Raw sludge 
@we and wood chips, 

f2 digested sludge 
and wood chips 

Coliphage f2 Sludge and 
wood chips 

Poliovirus Sludge 

Poliovirus 1 Sewage sludge 

Poliovirus 1 Refuse and 
sludge 

Poliovirus Sludge and 
type 2 refuse mix 
(inserted) 

40 

38-60 

so-70 

SO-70 

SO-70 

mesophi- 
lit 

50-70 

40-60 

50 

35-58 

60-70 

6 days 
14 days 
6 days 

14 days 

2 weeks 

2 weeks 

2 weeks 
and 70 days 

1 month 

SO days 

70 days 

13 days 
21 days 

7 days 

3 days 

8 days 

3-7 days 

0 
0 
0 
0 

1 

10 

0 

1 

0 

0 

0 
0.001 

0 

0 

0 

0 

Krige 
(1964) 

Burge and 
Craher (1974) 

Kawata, 
Cramer, 
and Burge 
(19771 

Burge et al. 
(1978) 

Krige (1964) 

Wiley and 
Westerberg 
(1969) 

Cooper and 
Golueke 
(19751 

Gaby (1975) 

- not stated. 
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Table B-3. Survival of Protozcel P&hogens during Cornposting 

.‘.. 

Pathogeu 
Raw Temper- 
Material ature 
Type PC) 

Time Survival Source 
X 

Protozoan Vegetable 55-60 3 weeks 0 Scott 
cysts matter and (1952) 

feces 

Entamoeba Refuse and 49 8 days 0 
histolytica sludge 55 

Gaby 
7 days 0 (1975) 
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Table B-4. Survival of Helminthic Pathogens during Somposting 

Pathogen 
Raw 
Material 
Trpe 

Temper- 
ature 
(Oc) 

Time Survival Source 
x 

0 Caby (1975) Heiminthic Refuse/sludge 
ova 

40 

7 days 

Helminthic Refuse/sludge 
ova 

20 dayr 6-O McGarry and 
Stainforth 
(1978) 

65 1 month 5 Stone (1949) Ascaris Night soil 
lumbricoides and garbage 
ova 

5 days 15 Scott (1952) 
12 days 4 
22 days 0.3 
67 days 0 

2 months 15-O Murray (1960) 

65 Ascaris Feces and 
lumbricoides vegetable 
ova matter, ash 

soil 

55-70 Ascaris Sludge 
lumbticoides 
ova 

60-76 1 hour 0 Wiley and 
Westerberg 
(1969) 

1-O Chinese 
Academy 
of Sciences 
(1975) 

0 Nicholls and 
0 Gunawardena 
0 (1939) 

Ascaris Sludge 
lumbricoides 
ova 

5-64 LOS days Ascaris Garbage and 
Lumbricoides night soil 
ova 

35-5s 24 hours 
35-65 24 hourr 
35-60 24 hours 

Hookworm ova Night soil 
N.americanus Night soil 

- not stated. 
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