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Abstract

Organic residues from grocery, restaurant, cafeteria, greens and
domestic markets (browns back) should no longer be disposed in
technical and sanitary landfills. These residues have a good richness
in nutrients that can be recovered. On the other hand, some of these
residues contain a very high proportion of liquid loaded with mineral
and organic substances in solution and in suspended form, which
constitutes a high risk of environmental pollution. Several technology
transfer projects overseen by the author of this paper consisted of
composting very liquid-rich residues such as fruits and vegetables
from grocery stores. The objective of these projects was to recover
all the liquids extracted from these residues without affecting the
composting process and without compromising the quality of
the composts produced. Solutions to this problem are based on
measurements, analysis and calculations for the formulation of
effective mixtures.
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Introduction

Organic residues from grocery, restaurant, cafeteria, greens and
domestic markets should no longer be disposed in technical and
sanitary landfills. Solid waste management is one of the most important
challenges facing our large urban and industrial societies. Although
the landfilling of waste produced by the population, public and
private institutions, businesses and industries is common practice in
industrialized countries, this practice has hardly begun in developing
countries. Technical landfill is safer for the environment than sanitairy
landfill, but its costly and even that of incineration are expensive. The
recovery of these residues through composting is less expensive and
extends the life of landfills [1-5].

These residues have a good richness in nutrients that can be
recovered following their valuation. On the other hand, some of these
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residues contain a very high proportion of liquid loaded with mineral
and organic substances in solution and in suspended form, which
constitutes a high risk of environmental pollution. In addition, our
soils need these fertilizing minerals and organic matter. There are many
ways to value these residues, but composting is less expensive with a
lower technological level. The following is the composition of liquids
extracted from food market residues containing fruits and vegetables
mainly presented in figure. Tests and experiments carried out or
supervised by the author of this article, Mr. Serge Poulin, demonstrate
the feasibility and also the difficulties encountered in composting these
residues. It is a question of co-composting and local composting on
farms of agricultural enterprises in crop and animal productions. The
results of these experiments were not published in scientific journals,
which did not allow taking stock of the methods used and the possible
solutions to the constraints encountered. As trainer of environmental
technologists, environmental advisers (agricultural and municipal),
French trainees and researcher in the field of environmental technology
transfer, I had to deepen my understanding of the physical, chemical
and biological aspects of the environmental composting technology.
It is this expertise that I want to share with everyone interested in
composting organic matter [6-11].

Sources and Description of these Organic Residues

The composted residues in my technology transfer projects
came from grocery stores, restaurants, cafeterias and brown bins
in a municipality’s three-way collection. Some of these tests were
conducted with exclusively food market residues or with mixtures
of residues from all the sources mentioned above. These residues
are mainly composed of fruits, vegetables and green residues (grass)
containing a large amount of liquid. Despite the significant seasonal
variation in composition and residue characteristics, the proportion of
liquid remains very high. This problem must be corrected to allow and
ensure efficient composting (Figures 1 and 2).

Treatment Context

To reduce the distance between the production and the treatment
of these residues, composting is carried out nearby by agricultural
producers. These projects of technological transfer on the composting
of proximity of these residues by agricultural producers are realized
on farms in vegetable and animal production. The residues stored
in containers are collected, by a company, in trucks intended for
this purpose and transported to the composting sites. Storage and
transportation amplify the problem of management and disposal of
liquids contained in large quantities in these residues. During these
stages, the liquids are released with the crushing and mixing of the

Figure 1: Receipt of approximately 2 m3 or 1 tonne of residues showing
mainly fruits and vegetables.
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residues. Arrivals are weekly or biweekly depending on the amount
of residues produced. These residues are deposited on a concreted
waterproof platform on the farm. At this stage, there is a significant
runoff of liquids during the tailings discharge. It is this high extraction
of liquid which is the main composting constraint if it is absolutely
necessary to collect all the liquids in the process. It can be seen
during reception that a smaller volume of residues causes less residue
extraction of the liquid. (Figures 3-5) show that even a small volume
of feedstock is rejecting an impressive amount of liquid. In a sewage
system for the treatment of residues rich in liquid, there is frequently a
solid-liquid separation step and a treatment of the liquid, for example
in an oxidation pond or in filtering marshes, different from that of the
solid.

F

Figure 2: Trucking of organic residues harvested from brown bins of
citizens.

)

Figure 4: Volume of about 2 m®.

Composting of Residues

Residues received by agricultural producers are mixed in a manure
(or compost) spreader or tractor’s front shovel with other organic
materials in calculated proportions and placed in a sealed concrete cell.
Mixing with the spreader results in an even higher extraction of the
tailings liquid and may therefore require a greater amount of organic
absorbing material than with the use of a tractor’s front shovel, as the
latter method makes it possible to mount successive layers of absorbent
residues and residues to be composted, starting with a greater
thickness of the absorbent material on the floor. The spreader mixture
can be used when the extracted liquid is totally absorbed and thus
retained. This stage, considered as a pretreatment before composting,
significantly increases the duration of the manipulations carried out by
the agricultural producer and also the cost of the treatment, but makes
it possible to reach more effectively the objective aimed at, that is to say
a higher recovery of the residue liquid. Calculations are made using
proven spreadsheets as part of the composting training for future agri-
environment technologists. Spreadsheets and formulation of mixtures
were designed by the author of this article. The main objective is to
compost the largest possible quantity of residues for each shipment by
integrating the largest quantity of liquid from these residues (Figures
6-8).

Mixing formulation

The main problem to consider when formulating the mixture is the
very high amount of liquid. Therefore, the absorption of as much liquid
as possible should be made, taking into account the available space, the
acceptable volume of these residues, the liquid retention capacity and
the cost of other organic materials added. These other materials must
play a role of absorbent and structuring to promote the retention of a
larger amount of liquid possible. The added organic material is mainly
manure, straw, wood residues (sawdust, chips, ripe, etc.) and shredded
cardboard boxes.

Thus, to achieve adequate formulation that has the potential

Figure 5: Residue liquid is spreading sur on the concrete and waterproof
floor.

Figure 6: Mixing residues with the spreader.
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to achieve the intended goal, it is essential to perform targeted
measurements and analyzes of all the residues used in the mixtures. The
first measure is the sizing of available space on a sealed and concrete
platform.

For fruit and vegetable residues, the water content (%), bulk density
(kg/m?) and volume (kg) to be composted are important data to obtain
especially with this type of residue. Here are some of the measures and
analyzes from technology transfer projects. The high proportions of
water in fruits and especially vegetables. For the residues that must serve
as absorbents and structuring agents, the water content, the apparent
density, the water retention capacity, the available volume and the
acquisition cost are data that will help to make the best possible choice
of these residues. Here are some of the measures and analyzes from
technology transfer projects. All this information can be obtained by
measurements and analyzes in the field and also done in the laboratory.
They make it possible to make formulations for the mixture of residues
to be composted in order to correct or at least reduce the problems and
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Figure 8: Covering all residues with wood chips.

to specify the limits related to the compostable volume which make it
possible to reach the objective and to favor the process of composting,
safe for the environment.

Confirmation and correction of the mixture

It is still very difficult to predict everything that happens when the
mix is done, that is why you have to do all these measurements and
analyzes once the mix is ready to compost. It is preferable to add an
analysis of the porosity of the mixture in order to estimate the aeration
potential of the compost pile. Apparent density assessment can also
help us estimate the airflow potential in the cluster and confirm or
negate the estimate obtained with the formulation to reduce or avoid
crushing the residues. The water content indicates the quantity of
liquid that the mixture allows to retain which confirms or invalidates
the estimate obtained with the analysis of the water retention capacity
of the absorbent organic materials added. The estimates of the possible
volumes of residues to be composted and the structuring and absorbing
materials to be added allow us to estimate the volume of the mixture,
but this volume is always smaller than the estimate obtained by
formulation. This volume must be measured and the composting area
assessed to treat all residues to be received.

There is a limit to the thickness of the mixture of organic matter
to be composted. If too much water-rich residue is added to the pile,
there is a high risk of crushing these materials, fluid extraction caused
by the water’s gravity and provoke all the problems that this causes. It
is of paramount importance to respect the principles of physics related
to the gravity and compressibility of organic materials that contain high
amounts of liquid.

Measuring the rise in temperature in the compost is a good indicator
that the mixture achieves the intended purpose and also ensures a
good biological activity favorable to an adequate composting process.
Measuring oxygen with the compost oximeter can also be useful in
assessing whether conditions are favorable for composting. Finally,
a measurement of the height of the cluster during the first days can
indicate to us if the structure of the cluster of compost is maintained
allowing a good air circulation in the cluster (Figures 9-14).

Conclusion

In conclusion, if the conservation of waste liquids is a goal, it is
not practical and economical to accumulate large piles of compost. It
is preferable to have a larger number of clusters on a larger watertight
platform area, which may have the effect of reducing the amounts of
residues received by agricultural producers. Do not reduce the use of
absorbent and structuring material to reduce the cost of composting,

carrying balance of kitchen).

Figure 9: Important analytical methods to formulate and can be applied in the field (Water content-microwave; Bulk density-spring balance; Moisture capacity
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F}ram&lm(s)
Mithode
Rélerence
Azote ammoniacal (en N) Préparation 2010-07-16
QT80 £ Coloriméirie salioylate de Na Analyse 2010-07-16
MA, 300N 1.1 RZ No. séquence 316661
Azote ammoniacal (en M) maiL 1500
DBOS Préparation 2010-07-16
QCO04-2 / Semance : aMuent naturel. Incubation 20, lecture 02 Analyse 2010-07-21
SMEZ10 B/ MA 395 - DBO 1.1 Mo, séquence 316715
DBOS mgiL 02 28000
Etat de I'échantilon & la réception i
{1 = Non congelé / 2 = Congelé) 1
Fer (Fe) Préparation 2010-07-19
QCO87-07 / Digestion acide (3u besoin), analyse par ICP Analyse 2010-07-22
MIA. 200 - Mét 1.1 R4 No. séquence 316775
Fer (Fe) mo/l 64
Nitrates (en N) Préparation 2010-07-20
QCO28-05 / Réduction colonne da eamium, colorimbtrie Analyse 2010-07-20
SMABOONOIF {MA 300-NO3 1.0 R / MA 303.NO3 1.0 Fd No. séquence 316897
Nitrates (en N} mail =0.02
Nitrites (en N) Préparation 2010-07-20
QCO27-85 / Colorimétrie Analyse 2010-07-20
SMAS00-NO2 B/ MA 303 - NO3 1.1 Mo, séquence a1e858
Nitrites (en M) maiL 0.14
pH Préparation 2010-07-16
@CO21-82  pH-métre (compensation 3 20T) Analyse 2010-07-16
SMA500 H + B/ MA 100 - gH 1.1 R1 No. séquence 671
PH 5.0
Parameétre(s)
Mithads
Rétérence
Phosphore total (en P) Préparation 2010-07-23
QEB17-87 | Digestion & Fautoclave avec perwliste, colonmétre acde  ANalyse 2010-07-26
SMAB00-F P MA 315-P 1.0 R4 Ne. séquance 317242
Phosphore total (en P} maril 230
FPotassium (K) Préparation 2010-07-19
QC087.07 / Digestion acide (3u besoin), analyse par ICF Analyse 2010-07-22
MR 200 - Mét 11 R4 No. séquence 316775
Potassium (K) mgil 3500
Solides totaux Préparation 2010-07-20
QCO34-88 | Séchage 3 108C, graviméinie Analyse 2010-07-21
SM2540 B/ MA 100 - 5T 1.0 R4 No. séquence 16822
Solides totaux marL 38000
Solides totaux volatils Préparation 2010-07-20
QCO34-05 / Caleination & S50T, gravirmitris Analyse 2010-07-21
SM2640 E/ MA 100 - 5T 1.0 A4 No. séquence 318923
Solides tolaux volatils mar 23000
Zinc (Zn) Préparation 2010-07-19
GEGAT-07 / Digestion ackie (au besam), analyse par IGP Analyse 2010-07-22
MR, 200 - WAt 1T R4 No. séquence IBTTS
Zinc (Zn) mar 32
Parameétre(s)
Métnode
Fafbrunes
Coliformes fécaux (eau usée) Préparation -
QMOOS-02 | Coldormes fécaus (membrane filtmante ) Analyse 2010-07-16
MA. 700 - Fec Ec 1.0 Me, sdquence 316663
Coliformes fécaux UFC/100 mL =50
Coliformes totaux (eau usée) Préparation -
QMO08-02 ¢ Colfarmes totaus [membrans filttants) Analyse 2010-07-16
MA. 700 - Col 1.0 Mo, séquence 316693
Coliformes totaux UFc/100ml =80
Figure 10: Characteristics of liquids in fruit and vegetable extracts (EXOVA).

Organic Resid Leavas Leavas Crass Crass D ic | D ic | D ic | D ic | D i D
Source| Green Waste | Green Wasta | Green Waste| Green Waste | Brown Bin | Brown Bin | grocery | grocery Erocary erocery
Characteristic| FreshState | FreshState | FreshState | FreshState | Ml Mel Vi bles | V bl fruit fruit
Analysis Parameters Wet (b.h.) | Dry (b.s.) | Wet (b.h.) | Dry (b.s.) [Wet (b.h.)|Dry (b.s.){Wet (b.h.)|Dry (b.s.)] Wet (b.h.)| Dry (b.s.)
Moisture Content (%) 752 752 73.6 73.6 848 84.8 20,0 90.0 85.8 85,8
Dry Weignt (%) 248 248 264 264 152 152 10,0 10,0 142 142
Total Organic Matter (%) | 19938 80,60 23,364 88,50 124 81,58 8,52 8520 13,55 9342
Total Carbon (%) 9.99 4030 11.68 425 620 40,79 426 4260 6.78 4771
Total Nitrogen (%) 0.38 1.53 0.89 337 0.231 152 0,386 3.86 0.116 0.82
N-NH4 (kg/t) 0.11 0.444 264 10.000 0.1533 1.010 0,382 3.820 0017 0.120
N-NO3 (kgit) 0,05 0202 0.04 0,152 0,041 0270 0,098 0,980 0,0085 0,060
P205 (kg/t) 0.92 371 232 878 0.6384 420 1242 1242 0416 293
Ptot (kg/t) 040 1,63 1,02 383 028 184 034 543 0.18 128
K20 (kg/t) 362 14.60 7.83 28,66 3,067 2018 4204 4204 246 1732
Ktot (kg't) 302 12,16 6,53 un 256 16,81 3350 3503 205 1444
Ca (kg/t) ST 2298 3,52 1333 0252 1.66 0954 954 0,58 408
Mg (kg/t) 1,18 4,76 0,79 299 0,1444 095 0279 79 0,12 0,85
Al (ppm) 0,00 0,00 0,00 0,00 0,00
Zn (ppm) 0,00 0,00 0,00 13,80 133,00 0,00
Cu (ppm) 0.00 0.00 258 17.00 10.30 103.00 L.56 10.99
Mn (ppm) 0.00 0.00 7.90 51.97 2,00 80.00 5.68 40,00
Fe (ppm) 0.00 0.00 16.36 303.00 135.60 13360 1931 133.99

Bulk Density(kg/m3) 163 260 730 750 730
C:N 263 263 13.1 131 26,8 26,8 11,0 110 584 584
pH 699 699 847 847 5,50 5,50 5,10 510 3.80 3.50

Figure 11: Characteristics of composting residues agents used in the different projects.
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Organic Resid Straw Straw Leaves Leaves Sawd Sawdust
Source icultural [agricultural | Green Waste | Green Waste | Tree Pruning |Tree Pruning
Characteristic Long Long Stored Stored Hardwood | Hardwood
Analysis Parameters Wet (b.h.) | Dry (b.s.)| Wet (b.h.) | Dry (b.s.) | Wet (b.h.) | Dry (b.s.)

Moisture Content (%) 114 114 400 400 288 288
Dry Weignt (%) 88.6 88.6 60.0 60.0 72 T2
Total Organic Matter (%) 85,32 96,30 52,80 88.00 7027 98,69
Total Carbon (%) 46.12 3203 26,40 44.00 35,14 4935
Total Nitrogen (%) 03987 045 0,70 137 0.07 0.10
N-NH4 (kg't) 05493 0.620 0,000 0135 0211
N-NO3 (kg/t) 01683 0,190 0,000 0,03 0,042

P205 (kg/t) 1,72 1,94 0,00 0,05 0,07

Ptot (kg/t) 0.75 0835 0.00 0.00 0.02 0.03

K20 (kg/t) 652 736 0.00 0.62 037

Kitot (kg/t) 343 6.13 0.00 0.00 0.52 0.73

Ca (kg/t) 1.68 1.90 0,00 0,52 073

Mg (kgit) 0384 0.93 0.00 0.16 022

Al (ppm) 0,00 0,00 0,00

Zn (ppm) 0,00 0.00 0,00

Cu (ppm) 0.00 0.00 0,00

Mn (ppm) 0,00 0,00 0,00

Fe (ppm) 0.00 0.00 0,00

Bulk Density(kg/m3) 78 20 157
C:N 1137 11537 317 317 3019 j019

pH 6,73 6,73 6.99 6.99 3.71 3,71

Figure 12: Characteristics of the residues used as absorbents and structuring agents used in the different projects and analysis in wet base
form translate by calculation files in dry base form.

Formulation table by Serge Poulin

Materials/Fi lati 8.9 m3 Grocery fruit and vegetables + 10 m3 Straw (receiving about 4,43 tons)

Customer Projet C Date: 2010-x-x

Bulk Wet ‘Water Water | Water

Matériau Volume Density | Mass content | content | Mass
(m3) (Kg/m3) | (Kg) (%0) écimal)| (Kg)
Grocery fruit and vegetables 2.90 300 4430 23 0,83 37823
Sawdust 0,00 150 0 30 03 0.0
Straw 13,00 73 1170 114 0114 1334
Meélange 5620 69,7 0,697 | 39159
Bulk Wet Dry Dry Total | Total | Total Total
Matérian Volume Density Mass ‘Weight | Weight | Carbon | Carbon |Nitrogen | Nitrogen | C:N
(m3) Kgm3) | Kg) (20) Kg) o) | (Ke) | (%) &g
Grocery fruit and vegetables 2.90 300 4450 15.0 667.5 4411 | 204,43 132 10.15 20.0
Sawdust 0.00 150 0 100 0.0 425 0.00 173 0.00 ZDIV/!
Straw 15.00 73 1170 88.6 1036.6 3 339.04 043 4.66 115.6
Meélange 5620 303 1704.1 48.9 83348 0.87 14.81 56,3
Masse TEE Masse
Matériau MVA Volume | humide TEE desiree | liquide | Volume liguide
Eegmd) | (@) | g | décimal | décimal| &g [@) [ @
Grocery fruit and vegetables 500 8.00 4450 0,85
Sawdust 150 0.00 0 0.3
Straw 18 15,00 1170 0114
Meélange 5620 0,697 0.6 34388 | 0544 343,38
Matérian CRE Liquide | Liguide| Liquide | Liquide | Exces
retenu retenu | contenn | contenu | liquide
(gd'ean
/A00egms.)| (Kg) (m3) Kg) (m3) | (m3) | (m3) (48]
Grocery fiuit and vegetables 200 1335.00 134 3782.50 3.78 245 245 | -24475
Sawdust 230 0.00 0.00 0.00 0.00 0.00 0.00 0
Straw 400 414648 4.15 13338 0.13 4.0 401 40131
Meélange 348143 348 39135.38 392 -1.57 1.57 1565.6

* Le sign { - ) expresses that there is no excess or lack of water

Figure 13: Summary formulation of the mixture of residues to be composted.
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Analysis Parameters Input 1 Input 2 Mix12 TInput 3 Mix 1.3 Mix1-2-3
Cow Manure Cow Manure
Cow Manure Grass & Grass Leaves & Leaves {1:2:2)
Moisture Content (%0) 77,20 73,60 75,03 75,20 76.20 75,08
Moisture Content (Kg) 254,76 368,00 622,76 248,16 502,92 870,92
Dry Weignt (%) 22,80 26,40 24 97 24,80 23,80 24,92
Dry Weignt (Kg) 75,24 132,00 207,24 81.84 157,08 289,08
Total Organic Matter (%) | 86,70 88,50 87,85 80.60 83.52 85.79
Total Organic Matter (Kg) 65,23 116,82 182,05 65.96 131.20 24802
| Total Carbon (%4) 46,86 47,84 47.48 43,57 4515 46,38
| Total Carbon (Kg) 35,26 63.15 98,41 35,66 70,92 134,06
Total Nitrogen () 2.36 3.35 2,99 1453 1,93 2.58
Total Nitrogen (Kg) 1,78 442 6,20 1,25 3,03 745
Bulk Density{kg/m3) 330,00 250,00 276,67 165,00 220,00 232,00
Volume (m3) 1,00 2,00 3.00 2,00 3,00 5,00
‘Wet Mass (Kg) 330,00 500,00 830,00 330,00 660,00 1160,00
C:N 19,86 14,28 16,88 28.48 23,42 18,00
P total (Kg/t) 7.33 3.85 511 1,63 4,36 413
P total (Kg) 0,55 0,51 1,06 0,13 0,68 19
K total (Kg/t) 17.18 24,72 21,98 12,16 14,56 19.20
K total (Kg) 1,29 3,26 4,56 1,00 2,29 555
Ca total(Kg/t) 1447 13,33 13.74 22,98 18,90 16,36
Ca total (Kg) 1,09 1,76 2,85 1,88 297 473
Mg total (Kg/t) 373 2,99 3.26 476 427 368
Mg total (Kg) 0,28 0,39 0,68 0,39 0,67 1,06
pH 7,70 8.47 6,99
Figure 14: Detailed formulation of the mixture of residues to compost.

because this decision canresultin higher costs. The simple measurements
and analyzes used in the field are essential for formulating adequate
mixtures, especially if one has to compost residues with major problems
such as a very high quantity of liquid. If we consider the costs related
to the solid-liquid separation, the storage, the treatment and the use
of the liquid on the fields, thus to the management of the liquid phase,
it is preferable to keep this liquid containing interesting mineral and
organic elements in compost.
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