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ORGANIC WASTE PROCESSING 
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COMBINING RAW MATERIALS 
FOR COMPOSTING 

A guide 
providing a 
suitable 
environment and 
source of nutrients 
to-  optimize the 
cornposting 
process. 

George B. Wdlson 
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OMPOSTING is a biological  pro- 
cess in which biological wastes 
are stabilized and converted into 
a product to be used as a soil  con- 
ditioner  and  organic  fertilizer. 
This process depends upon the 
activity of microorganisms. To 
these activities. the microorgan- 

isms must be provided with a suitable envi- 
ronment  and a source of nutrients  that 
should be present in proper proportions. The 
extent  to which we supply those two needs 
and  the way  in  which we do so, determine to 
a large degree our influence  on the compost 
process and its optimization. 

The major sources of nutrients for  com- 
posting  are organic waste materials. How- 
ever, it is rare that a waste material in the 
condition in  which it is available consistently 
possesses all of the characteristics essential 
for  efficient composting. To compensate for 
this deficiency, it is usually necessary to 
blend in suitable  proportions of another 
waste or  low cost material. For example, in 
the U.S., the excessively high moisture con- 
tent of sewage sludge usually is lowered by 
blending a “bulking” agent such as wood 
chips or sawdust. In Europe, municipal  solid 
wastes often serves as  the bulking agent. For 
farms, an excessively moist manure can be 
blended with crop residues, or perhaps with 
waste from a nearby lumber operation. 

REQUIRED  FEEDSTOCK  CHARACTERISTICS 
Carbon (C), nitrogen (N), phosphorus (PI, 

and potassium (K) are the primary nutrients 
for the microorganisms involved  in compost- 
ing. Because they also are  the primary nutri- 
ents for plants, their concentrations in the 
compost product also influence the value of 
the compost. Generally, supplying C and N in 

the  appropriate  ratio (CIN) ensures the pres- 
ence of required concentrations of other nu- 
trient elements. Initial CIN’s  between 15 and 
30 will consistently bring about good  com- 
posting results. At  ratios lower than about 
1511, nitrogen is lost-usually as ammonia, 
which can constitute  an odor  problem. Al- 
though  ratios between 30 and 50 may be per- 
missible, the required composting  time  is 
longer because of the additional time micro- 
organisms need to oxidize the excess carbon 
and thereby lower the CIN to  the desired 
level. Provided that  the initial CIN was high, 
CIN can serve as an indicator of product sta- 
bility 

CIN has an important bearing on the util- 
ity of the compost product. Incorporation of 
a product having an excessively high CIN 
into  the soil leads to nitrogen deprivation for 
plants grown on that soil. To oxidize the ex- 
cess carbon, the microorganisms need  more 
nitrogen. To meet this need, they  must com- 
pete with the crop plants for the insufficient 
supply of soluble nitrogen in the soil. Being 
more competitive than plants,  the microor- 
ganisms  flourish at   the  expense of the 
plants. The result  is that plant growth is in- 
hibited until  the excess C has been  oxidized. 
The nitrogen shortage  is avoided  by using a 
compost product that has CIN ratio of 15I1 
or lower. In  the case of sewage sludge bulked 
with wood chips, the sludge usually starts at 
a lower CIN than desired for composting. 
Adding the chips increases the  ratio to  the 
optimum  range  for  composting. Finally, 
screening the large chips out for reuse usu- 
ally  lowers the CIN  of the product to  the d e  
sired  range for nitrogen  availability  to 

The availability of the  nutrients also influ- 
ences the process. If the C is in a form that is 

plants. 
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will help you make best use of com- 
. . .. 

SECTION VII-LEAF AND  YARD WASTES 
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Implementing A County-Wide  Program 
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Microbial  Respiration  Rate 
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Specifications  for  Solid  Waste  Compost HAZARDOUS WASTES 
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difficult to decompose, such as lignin or 
other woody forms, the  rate of stabilization 
will be  slow. It is  important to note that 
fungi are the only type of organisms that can 
efficiently utilize woody materials and that 
they do not tolerate temperatures as high as 
some forms of bacteria or actinomycetes. 
Virtually no fungi survive above 60°C. Thus 
the rate of decomposition of materials, like 
municipal  solid waste with its high content 
of paper (made from  wood),  slows rapidly 
above 55°C. 

For practical purposes, because the mobil- 
ity of the microorganisms is negligible, it is 
necessary to provide intimate  contact be- 
tween the microorganisms and the  nutrient 
elements in the waste. This can be done by 
grinding the  wastes and thoroughly mixing 
them. 

A certain amount of moisture is necessary 
to support  the metabolic processes of the mi- 
crobes and to permit transport of the  nutri- 
ents. Experience has shown that the process 
will not be inhibited if the moisture content 
is at least 40%. 

The composting process is relatively insen- 
sitive to  pH, probably due to  the broad spec- 
trum of organisms that is usually involved. 
The optimum is probably in the range of 6.5 
to 8.5,  however, the  natural buffering capac- 
ity of the process permits a much  wider 
range of initial values (5-12). Most well stabi- 
lized compcgts will have a pH between  6.5 
and 7.5. Contxling  the  pH of the initial 
composting mix can become important with 
certain wastes that have large amounts of 
protein (N), as was found in a research proj- 
ect on composting crab  wastes at the Univer- 
sity of Maryland. Adjusting  the  pH down- 
ward to near neutral reduced volatilization of 
ammonia and other odorous compounds. 

The porosity, texture, and structure also 
affeet the process by their influence  on the 
effectiveness of aeration and its functions. 
These factors can be adjusted by selection of 
the materials used and by grinding or shred- 
ding and mixing. (Materials added to adjust 
these properties are usually called bulking 
agents). Porosity determines the resistance 
to air flow and is a function of the particle 
size and size gradation of the materials. The 
voids must also  be interconnected to permit 
air movement. Large particle size, and  the 
more  uniform  size distribution, result in in- 
creased porosity Structure  is derived from 
the rigidity of the particles, and is measured 
by their ability to resist  settling  and by loss 
of porosity in the moist environment of the 
compost. 

Texture controls the available area for aer- 
obic activity Most of the aerobic  decomposi- 
tion of composting occurs on the surface of 
particles, whereby  aerobic microorganisms 
on the surface of particles utilize the avail- 
able oxygen in a thin film at the surface, 
leaving the interior in an anaerobic state. 
Since the surface to volume ratio increases 
with decreasing particle size, the  rate of aero- 
bic  decomposition  will increase with decreas- 
ing particle size within limits. When the  par- 
ticles  become too small, however, there is a 

loss of porosity, so a compromise is needed. 
Good results are usually obtained when the 
particle sizes range from 11s inch to 2 inch 
mean diameter. 

Porosity, texture  and  structure  are all  in- 
fluenced by moisture content. Loss of poros- 
ity can be caused by excessive moisture fill- 
ing most of the voids. The excess moisture 
also eliminates any tendency for crumbling 
that would increase the effective  surface 
area. Many wastes used for composting such 
as leaves and paper lose their structural ri- 
gidity when  wet. The detrimental effects of 
moisture are not significant for most materi- 
als below 60% moisture content (wet basis) 

Table 1. Approximate  Nitrogen  Content  and CM Ratios of Some  Compostable Materials, 
Dly Basis * 

Material N GIN 

Poultry manure 
Mixed slaughterhouse wastes 
Night soil 
Sheep manure 
Pig manure 
Horse manure 
Sea weed 
Cow manure 
Potato tops 
Combined refuse, Berkeley, CA 
Oat straw 
Wheat straw 
Sawdust 
Paper 

6.3 
7-10 

5.5-6.5 
3.75 
3.75 
2.3 
1.9 
1.7 
1.5 
1.05 
1.05 
0.3 
0.11 
nil 

- 
2 

6-1 0 
- 

- 
19 

25 
34 
48 

128 
51 1 

- 

From Gotaas, H. E., Composting, Sanitary Disposal and Reclamation of Organic  Wastes. World Health 
Organization,  Geneva. 1956 

Table 2. Nitrogen  Content and CIN Ratio of brious Materials Used In Municipal or 
Industrial  Compost * 

Material %N GIN ratio 

Garbage: 
Raleigh, NC 
Louisville, KY 

Total raw refuse 
(residential including garbage): 

Savannah, GA 
Johnson City, TN 
Chandler,  AZ 

Sewage  Sludge: 
Activated 
Digested 

Fruit Wastes 
Wood (pine) 
Fish scraps 
Paper 
Grass clippings 
Grass clippings/garden weeds 
Leaves (freshly fallen) 
Lumber mill wastes 
Pharmaceutical wastes 

1.30 
0.6 
0.57 

5.60 
1.88 
I .52 
0.07 
6.50 
0.25 
2.15 
2.03 

0.13 
2.55 

0.5-1.0 

38.5 
80 
65.8 

6.3 
15.7 
34.8 
723 

173 
20.1 
19.3 

40-80 
170 

19 

- 

From Poincelot, R.P, The Biochemistry and Methodology of Composting. Bulletin 754. The Connecticut 
Agricultural Experiment Station, New Haven. 1975. 
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Blending  Materials to Correct  a  Moisture  Problem: 
Assume  that a farm has  chicken  manure  that  usually  has a moisture  content of 

70% when removed  from the  buildings.  Both  the  moisture  and  the N contents  are 
too high for  optimum  composting  and the  manure  needs  greater porosity.  Saw- 
dust is available with a moisture  content of 30%. Using values  from the  tables 
and  assuming  that  the CIN ratio of the  manure is no  more  than 10, the calculation 
is done as follows: 
1# of  wet manure will contain: 

Water  1# x 0.7 = 0.7# 
Dry matter  1# - 0.7 = 0.3# 
N 0.3 x 0.06 = 0.018# 
C 0.018 x 10 = 0.18 

Water 1# x 0.3 = 0.3# 
Dry matter  1# - 0.3 = 0.7# 
N 0.7 x 0.0011 = 0.00077# 
C 0.00077 x 500 = 0.39# 
The  moisture  content  should  not  exceed  60%  and  stated in terms of 1#  of  wet 

1# of damp  sawdust will contain: 

mix: 
MC = 60% = 0.6 = 

wt H,O in manure + wt H,O in sawdust 
total  weight 

MC = 0.6 = 0'7 + 0'3x where x is the  amount of sawdust  needed 
1 + x  

0.6 ( 1 + X ) = 0.7 + 0 . 3 ~  

x = 0.33#  sawdustI#manure 
To check  the CIN ratio: 

= , C a n u r e  + C sawdust 
N manure + N sawdust 

CIN = 0.18 + 0.33 x 0.39 
I 0.018 + 0.33 x 0.00077 

CIN = 16.9 OK 
Since this is near the low  end  of the  acceptable  range,  the  amount of sawdust 

added  should  not  be  reduced  even if drier materials  are  available. 
Blending  Materials to Correct  a  CIN  Ratio: 
Assume  that  wheat  straw is available  which has a moisture  content of 15%: 

Water  1# x 0.15 = 0.15# 
Dry matter 1# - 0.15 = 0.85# 
N 0.3 x 0.003 = 0.0026# 
C 0.0026 x 128 = 0.33# 
The  amount of straw  should  be  estimated  on  the  basis of a CIN ratio of  20 

instead of the minimum of 15, to  reduce  the  possibility of loss of nitrogen  and 
odor  production. 
CIN = 20 = C in 1#  manure + x(C in 1#  straw) 

N in 1#  manure + x(N in 1#  straw) 

1# of wheat  straw will contain: 

where x is the  amount of straw needed. 
0.18 + x (0.33) 

0.018 + x (0.0026) 
20 = 

x = 0.65#  straw/#  manure 

To check  the  mix  moisture  content: 
MC = wt H,O in 1#  manure + wt H,O in 0.65#  straw 

total  weight 

MC = 0.7 + 0.65 x 0.15 = 48% OK 
1.65 

84 BIOCYCLE 

and a few materials may have higher or  lower 
critical moisture contents. 

Porosity cannot be predicted with accu- 
racy from ingredient characteristics. Bulk 
density can be related to porosity and is eas- 
ily measured so it is sometimes used to esti- 
mate  the probably porosity.  Bulk densities of 
the mixture with less than 35 to 40 pounds 
per  cubic foot are usually adequate. Some 
times porosity is expressed as free air space, 
which should exceed 30%. Porosity, texture 
and structure are a function of moisture con- 
tent, characteristics of the  mixture of materi- 
als, and compaction. 

As described above, a good feedstock for 
composting will have a CIN ratio of 15 to 30 
and a moisture content of 40% to 60% on a 
wet basis. Although a few materials will fall 
in these ranges, it is usually necessary to 
blend materials. Tables 1 and 2 give typical 
values for the N content, and the CIN ratio. 
From them, appropriate mix ratios can be 
calculated for the CIN ratio. Moisture con- 
tents of waste materials are usually variable 
with time from most sources, so the  ratio 
may need continuous  adjustment to  stay 
within the optimum moisture range. It gen- 
erally will  be possible to calculate an accept- 
able mix ratio from the typical analysis given 
in  Tables 1 and 2. However, it is advisable to 
conduct pilot tests  to verify the suitability of 
the computed mix ratios. 

TYPICAL INGREDIENTS AND  CONDITIONING 
APPROACHES 

Sludge: Sewage sludge has a CIN ratio on 
the low end of the acceptable range, is too 
wet and lacks porosity. I t  is usually condi- 
tioned by mixing with wood chips, sawdust, 
bark, or dry compost. Occasionally, fly-ash 
has been added to  the mix to reduce the 
moisture content  and  the amount of other 
bulking  material needed. Sometimes, the 
sludge has been  mixed with municipal  solid 
wastes or a fraction thereof, which have a 
low C/N ratio  and moisture content. 

MSW Most plans for composting munici- 
pal solid wastes (MSW) are part of an overall 
resource recovery system which  removes a 
variety of recyclable materials from the 
MSW. Thus it is difficult to generalize about 
its need for conditioning. However, fine 
grinding  prior to  composting should  be 
avoided, if possible, to maintain porosity. 
The MSW and most of its fractions will need 
added water and will benefit from additional 
nitrogen. 
Yard Waste: Leaves have a very high C/N 

ratio  and  tend to be d ty  They benefit from 
added water  and nitrogen. Shredding im- 
proves their porosity and exposes the inte 
rior of the leaf,  which is more susceptible to 
decomposition than  the outer surfaces. Lawn 
clippings lack the  structure  to maintain their 
porosity for aeration, but have a favorable 
C/N ratio  and moisture content for  decompo- 
sition. Thus  the lawn clippings are likely to 
deplete the oxygen in a windrow and become 
anaerobic and  generate odors. Brush  and 
tree  trimmings need shredding for sue reduc- 
tion. A combination of these  yard  wastes can 
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make a good composting mix, if the leaves 
can be stored  until  the other materials are 
available. Research would be helpful to deter- 
mine optimum preparation and proportions 
of these materials. 

Food Wastes: Wastes from food and feed 
processing plants can vary widely  in their 
characteristics. Many will  be too wet to have 
the necessary porosity and so will  need a 
bulking material. Dewatering could  help  re- 
duce the  amount of bulking  material  re- 
quired. Others may  need grinding to reduce 
particle size. The C/N ratio may need adjust- 
ment; fruits and vegetables are mostly defi- 
cient in N. By judiciously blending them 
with other wastes, most could  be  effectively 
composted. 

Some waste  materials, especially indus- 
trial and municipal wastes, will contain toxic 
substances that would make the compost un- 
suitable for the intended uses. Thus, it is im- 
portant that  the compost operator obtain 
copies of any analysis that may  be required 
for disposal of the waste by pollution control 
authorities  having  jurisdiction over those 
wastes, and that metals concentrations be 
kept to levels acceptable to regulators for 
land application. If questionable materials 
are used, the compost must be  analyzed. 

Analysis of the  nutrients contained in the 
compost will be useful for determining appli- 
cation rates and for marketing. Typical avail- 

If the initial mixture of materials has a C/N ratio 
of 15 to 40, a moisture content of 40%-60%, a pH 
of 5 to 12 and greater than 30% free  air  space, it 
will usually be possible to operate an effective 
composting process. 

ability of nutrients for the first cropping sea- 
son is 15% for N and 40% for P with lesser 
amounts in succeeding seasons. 

CONCLUSIONS 
Almost any organic waste material can be 

made into compost, if a market can be found 
that warrants  the expense. It will usually be 
possible to operate an effective composting 
process if the initial mixture of materials has 
a C/N ratio of 15 to 40, a moisture content of 
40% to 60%, a pH of 5 to 12, and porosity 
(free air space) of greater  than 30%. 

George Willson of George B. Willson  Associ- 
ates in Laurel, Marylan4 is a  consultant on 
composting/organic waste recycling. 

BROWN BEAR COMPOSTING 
Compare .... $- 

Superior stabiIity/maneuverability. 
Maximum  land  area usage. 
Ease of maintenance. 
Does  not  need  special  pads-to operate. 
Aerates and fluffs  the  entire  pile,  not 

Eliminates  anaerobic  pocketing. 
Windrow size to 54" x 144". 
Able  to  build  windrow  initially  and 
combine  windrows as  volume 
decreases  without  the  aid of an  end  loader. 
Turns  and aerates up to 3000 tons  per  hour. 

just  the bottom. 

For more  information  on  cost  effective  composting,  contact 

Brown Bear  Corp. P.O. Box 148 Lenox, IA 50851 515-333-4551 515-333-2592 (FAX) 
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PROFESSIONAL  SERVICES 
I American Soil, Inc. 1 

Assist ing  industr ies  and  municipal i t ies in making 
the  transition  to  recycling:  design,  set-up. 

permit t ing,   operat ion  and  market ing.  

P.O. BOX 125, Parlin, NJ  08859 
201-525-1103 

<+ m A  St. Paul, Minnesota 55101 
245 East  Sixth Street, Suite 813 

612-227-6500 

INTEGRATED  WASTE  ALTERNATIVES 
Planning. Engmeermg and Irnplcmentlng - 

Compostmg, Recycling. Waste Reducrlon, Household 
Harardous Waste. Waste Collectlon, Waste Compositlon, 
Rcsource Rccovery. Land  Dkposal 

(Formerly Pope-Rad Aswclates) I 
I 

environmentalengineers, CDM scienbsts, 

planners, &management consultants 

CAMP DBESER & McKEE  INC. 

Cambridge,  Massachusetts  02142 
One  Cambridge Center 

617 62"8181 offices naDonw!de 

George B. Willson Associates 
Consultant on 

CornpostingiOrganic  Waste  Recycling 

608 Washington Blvd. 
Suite 303A 
Laurel, Md. 20707 301 -490-1 064 

E A Environmental  Consultants,  Inc. I 
Stcqhton, MA 02072 
1613 Street. P.O. Box 372 1135 Klkbim FSrm Road 

(617)  341-1400 1%%275l& 
FAX (617)  3414206 

SPECIALISTS: Recyding 
Solid Waste . Land A@plition . Sludge Product  Marketing . Cornposting Facility Design 

r ENGINEERED 
SHREDDING  SOLUTONS 

Excellence  in  Design,  Consulting 
and  Contract  Shredding  Services 
P.O. Box  869 (503)  682-3633 
Wilsonville. OR 97070  Fax (503) 682-1704 

(407)  682~2272 
Water I Waste  Treatment 

(407)  734~6878 
Sludge  Management 

P O  Box915139 
Dredglng 

Digester Cleanlng 
Longwood.  FL  32791  5139  Land  Applcatlon I Dlsposai 

Facilities  Planning,  Design 81 Construction Management 

Resource Recovery Solid Waste  Management Biomass 

Sludae  Manaaement Hazardous  Waste Cornpostlng 

I 

I@AD+ SOIL 
1 15 1 POCOPSON ROAD I - WFST CHESTER. PA 19382 1 " (21 5)-793-3200 

C O M P L E T E   S L U D G E   M A N A G E M E N T  

D E S I G N - P E R M I T - I M P L E M E N T  
L A N D   A P P L I C A T I O N  

OPERATE 

r BROWN  AND  CALDWELL 1 
CONSULTING  ENGINEERS 

3480 Busklrk  Avenue 

(41 5) 937 -9010  
Pleasant HIII. CA  94523 

Oillces throughout 
the  Unrted  States 

RESOURCE RECOVERY 
Planning - Engineering 

(Div. of EnviroGro Technologies) 
3234 EAST 21 1 th ST.,  LYNWOOD, IL 6041 1 

COMPLETE SLUDGE MANAGEMENT 
TELEPHONE 31 2/754-8111 

LAND APPLICATION-CONSULTING 

14535 ~ r a g m n  rrm 
L.I.S. CORPORATION 

12191 256 0204 
Mshawaka IN46544 

I J "' ~ TREATMENT PLANTS: I I - SLUDGE  STORAGE  BINS 

'Orest Home DIGESTER & LAGOON CLEANING Milw., WI 53220-1498 

(414) 541-1440 
FAN 14141 541-1854 

TRANSPORT 
LAND  APPLICATION 
SLUDGE  MANAGEMENT 

- CARBON  SOURCE  SILOS  AND  RECLAIMERS 

~ BULK  STORAGE  AND  HANDLING  SYSTEMS 

LAlDlG INDUSTRIAL SYSTEMS 

- Carbon  Source  Silos  and  Reclaimers 

- Bulk Storage  and  Handling  Systems 

-rrr I- .Cornposting Engineering Design 
I 
I 

I m- - I- - - " - L  I 

u - .Recycling Project Development 

w n -u Project Management Market  Analysis 

Cal Recovery  Systems,  Inc. Main Office: 160  Broadway, Suite 200 
Richmond, CA 94804  Tel: (415)232-3066  Telex: 172910 CRS RCMD 
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