URBAN BIODEGRADABLE WASTE AMOUNT

AND COMPOSITION
- CASE STUDY UPPSALA

Ulf Sonesson
Hakan Jonsson

Institutionen for lantbruksteknik

Swedish University of Agricultural Sciences
- Department of Agricultural Engineering

Rapport 201
Report

Uppsala 1996
ISSN 0283-0086
ISRN SLU-LT-R--201--SE

Tryck: SLU/Repro Uppsata 1996



SUMMARY

This report is part of the project "Systems Analysis of Organic Waste”, funded by the
Swedish Waste Research Council (AFR). In the project a simulation model for analysing
different scenarios of organic waste handling systems was constructed, ORWARE
(ORganic W Aste REsearch model). The results from simulations with ORWARE represent
environmental impact and use of resources of the systems studied, i.c. energy and plant
nutrients. The environmental impact depends on the contamination level of the waste that is
treated. Also the distribution of the major constituents of the waste, such as carbohydrates,
protein and fat, are of great importance for the performance of different biological
treatments, compost, anaerobic digestion and sewage treatment, and thus of importance for
both environmental impact and use of resources.

The objective of this report was to present the indata used in the simulation experiments
performed in the Uppsala case study. The amount and composition of the organic waste are
presented. The method for gaining knowledge on these objects was mainly literature studies
but also personal communications. Organic waste from the following sources are
investigated; households, parks and gardens, restaurants and caterers, trade, slaughterhouse
(Farmek), other industries (Slotts, Pharmacia, Nordmills and three industrialised bakeries)
and finally grease separators. The ORWARE model uses a large number of different waste
constituents, both major constituents and contaminants such as heavy metals and organic
pollutants. In the simulation experiments all input data had to be specified. Thus, when we
could not find the data we had to make assumptions

The main result from this survey is that data concerning organic wastes are lacking, not only
regarding contaminants but also the distribution of the main constituents and plant nutrients.
One aspect that is relatively well investigated is the content of heavy meetals in household
waste and in waste from parks.

More research is needed primarily concerning the content of major constituents, the
nutritives, such as carbohydrates, fat, protein etc. This is urgent since performance of the
biological treatment processes depend on the composition of the feedstock. The content of
organic pollutants in waste is not well investigated. However, better input data concerning
these pollutants would not much improve the simulation results, since very little is known
about the fate of these substances in the treatment processes.
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1. INTRODUCTION

There is increasing interest in Sweden to improve the handling and treatment of waste,
mainly because of environmental concern and as a part of the work with Agenda 21. This
interest involves municipalities as well as companies. Regarding organic waste, interest is
focused on possibilities to find new solutions that facilitate a higher degree of recirculation
of plant nutrients without major drawbacks due, for example, to increased transport demand
or hygienic hazard to people and livestock. These new handling systems often include
composting, anaerobic digestion or recirculation of ashes from "waste to energy plants”.

One of the major difficulties in the research that has been initiated in the above-mentioned
field is the lack of data. This lack of data is severe both regarding composition and amounts,
and it applies to waste generated within households as well as within companies and
authorities.

Questions regarding which handling system for organic waste is preferable in a certain
community or region, are dealt with in the research project "Systems analysis of organic
waste” (Nybrant et al, 1996), funded by the Swedish Waste Research Council (AFR). In
this project, a simulation model, called ORWARE (ORganic WAste REsearch model) has
been developed and applied to the situation in the city of Uppsala. Within that project the
present survey on the amounts and composition of the organic waste was performed. The
objective was to supply indata to the model. Since ORWARE handles all wastes as large
vectors (fig. 1) which describe their composition the need for data was correspondingly
great. There were no sources that could provide data on the amount of all substances dealt
with in ORWARE, so we had to use data from many different sources to fill in the tables on
composition for all different wastes in the model. This demand for numbers in every
position in the vector implies that some numbers are less reliable. We point out these
numbers in the report.

The sources of waste described in this report are; households, public parks, private gardens,
restaurants, trade, industries in Uppsala producing relatively small amounts of organic waste
(Nordmills, Slotts, Pharmacia and some industrialised bakeries), the large slaughterhouse
(Farmek), and grease separators.

Dry matter (DM) CHX Total N Pb
Volatile solids (VS) AOX NHy/NH,t Cu
Total Carbon Dioxin NOy Cr

Slowly degradable organics PCB Total S Ni

Medium degradable carbohydrates PAH Total Cl Zn
Fast degradable carbohydrates Phenols Total P Hg
Fat Total H Total Ca Cd
Protein Total O Total K

VOC

Figure 1. The vector describing the flow of waste in ORWARE. In this report the wastes
are described by this vector. For each position in the vector the flow is given in kg/year.



1.2 Abbreviations

In this report the following abbreviations are used:

AOX for adsorbable organic halogens.

CHX for volatile halogenated organic compounds.

Chfd for fast degradable carbohydrates (i.e. sugars and starches).

Chmd for medium degradable carbohydrates (i.e. hemicellulose and cellulose).
Chsd for slowly degradable organics (i.e. lignin and humus).

Ch-Tot for Chfd+Chmd+Chsd

DM for dry matter content.

PCB for polychlorinated biphenyls.

PAH for polyaromatic hydrocarbons.

VOC for volatile organic compounds, non-halogenated. One example is methane.
VS for volatile substance, defined as DM minus ash.

ww for wet weight.

s & & & & 5 O & & = s

2. METHODS

The methods used in this investigation were mainly literature studies but also personal
communications with companies and local authorities as well as researchers in the field.
Sometimes we found the appropriate data directly, but often we had to make assumptions
and by combining data from different sources to get the figures needed. This means that the
accuracy of the figures vary.

2.1 Structure of the report

Chapter three treats those substances we consider to have the same proportion, i.e. the
same percentage of the content, for several wastes. After that the composition of nutritives
in waste, which are similar in all waste types, is presented. Finally, each waste is presented,
with its specific values in the vector.

3. SUBSTANCES WITH EQUAL PERCENTAGES IN
SEVERAL WASTES

3.1 Phenols

Phenols are used in different kinds of detergents, car polish and as an additive to oils and
resins (Kemikalieinspektionen, 1991). The content in household waste is considered to be
55 ppm of DM (SNV, 1993b). We assume that the content in waste from trade and
restaurants is half of that, 27 ppm of DM. The other wastes, i.e., waste from industries,
parks and gardens and grease separators, are assumed not to contain any phenols.



3.2 PCB

The daily intake of PCB in Sweden is 113 ng/kg body weight (Waz, 1993). Assuming an
average body weight of 70 kg and using estimates of the DM content of some foods we get
table 1. According to Waz (1993), all PCB in the food is of animal origin. Knowing the
intake of each type of food per person and year (SCB, 1993), and using the assumptions
above, we have calculated the content of PCB in different types of foods.

Table 1. Calculated content of PCB in different types of foods
Type of food  Intake of PCB Consumption DM content  Calculated

pg/pers. & year kg wet weight/year % of ww PCB
(calculated from & pers. (SLV, 1993) content,
Waz, 1993) (SCB, 1993) ng/ke DM

Fish 1200 16.0 30 250
Meat 1124 55.4 35 58
Fat/grease 51 17.5 90 3
Egg 153 11.7 25 52
Milk products 358 184.6 15 13

Assuming that the composition of waste is similar to the composition of the Swedish
average menu, we calculate a weighted average of the PCB content in the part of the waste
that originally has been food. Milk has not been taken into account because that part of the
food will not be found in the solid household waste. The weighted average in solid waste
originating from animals is 59 pig/kg DM. This is calculated assuming that the DM content
of all waste is 35%.

According to Halmstad kommun (1986), 13% of the compostable fraction is of animal
origin. This leads to a PCB content of 7.7 ug/kg DM in the compostable household waste.
SNV (1993b) analysed organic houschold waste from three different municipalities having
sorting instructions similar to those in Uppsala. The average PCB content found in these
wastes were 8.5 ng/kg DM. The mean of these two figures is 8.1 pg/kg DM, and we
choose to use the rounded value of 8 pg/kg for household waste in ORWARE. The same
concentration is used for waste from restaurants and caterers.

In waste from trade 6.2 % of wet weight originates from animals (chapter 6). Assuming that
this animal-originated waste has the same DM content as the corresponding fraction in
household waste, the proportion of animal-criginated waste in trade will be 13.3% of DM.
This implies a PCB content that is almost the same (8.0 ng/kg DM) as in household waste.
We have used the same figure for trade waste as we used for household waste.

Table 2. Content of PCB in waste from different sources used in the Uppsala case study

Waste source PCB content
ug/kg DM

Households 8
Restaurants and caterers 8
Trade 8
Farmek (Blue, Red, sludge and blood water) 58 *°
Grease separators 3 P
All others 0

a Using the figure for meat in table 1.

b Using the figure for fat and oil in table 1.




3.3 Dioxins

In the following text we will use the word dioxins when we are referring to 3-4-7-8 TCDD
equivalents according to Eadon.

The first assumption is that dioxins, just as PCB, only are present in waste of animal origin
(Funseth & llbick, 1991). The dioxins in food are found in fish, meat and milk and dairy
products, one-third, respectively (Funseth & Ilbiick, 1991). According to WHO, the daily
intake of dioxins in Sweden is 1-3 pg/kg body weight and day (Funseth & Ilbick, 1991).
Assuming an average body weight of 70 kg (our assumption) this gives a yearly intake of
25550 to 76650 pg/person. In the calculations below we use the mean of these figures. As
this amount originates one-third from fish, meat and milk respectively and the consumption
of these foods is known (SCB, 1993) we are able to calculate the content of dioxins in these
foods.

Table 3. Calculated content of dioxin in food

Type of food Dioxin intake ~ Consumption DM content  Calculated
pg/pers. & year  kg/pers. and % of ww content of
(Funseth & year (SLV, 1993) dioxin
Ilbdck, 1991)  (SCB, 1993) pg/kg DM
Milk and dairy products 17033 180 15 630
Meat 17033 55 35 885
Fish 17033 16 30 3548

We assume that the waste of animal origin in the household waste has the same proportions
as food of animal origin presented in table 3. Milk products are not taken into account in the
solid waste. This leads to 1416 pg dioxin/kg DM in the part of the compostable fraction
being of animal origin. Of the compostable household waste, 13% is of animal origin
(Halmstad kommun, 1986). This implies a dioxin content of 184 pg/kg DM in household
waste. The same figure is used in waste from restaurants and caterers. Waste from trade is
also assumed to have the same content as household waste following the same reasoning as
for the PCB content (chapter 3.3).

Table 4. Content of dioxin in waste from different sources used in the Uppsala case study

Waste source Dioxin,
pg/kg DM
Household 184
Restaurants and caterers 184
Trade - 184
Farmek, Manure, Stomach content o ®
Farmek, others 885 °
Grease separators 885 ¢
Others 0

a The reason that the animals "do not eat any” dioxins but still accumulates them is that
the level of dioxins in the animal feed are not detectable in an analysis.

b Using the figure for meat in table 3.

¢ The same value as for meat is used. The reason for this is that we have not found any
data and it seems reasonable that the figure should be at least as high as the value for
medat.
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3.4 PAH (Polyaromatic Hydrocarbons)

PAH are found in asphalt, oil, tar and rubber and are formed in combustion processes
(VAV, 1989). This explains why there are high levels of PAH in smoked foods. The content
in household waste is 1.0 ppm of DM (SNV, 1993b). The same content is assumed in waste
from restaurants and caterers, trade, parks and gardens, industries and grease separators.
This figure needs to be more thoroughly investigated.

3.5 VOC (Volatile, non-chlorinated compounds)

In household waste the content of VOC is 2.2 ppm of DM (SNV, 1993b). Waste from trade
and also waste from restaurants and caterers are assumed to have half that content, i.e. 1.1
ppm of DM. This figure needs to be more thoroughly investigated. The same content is
assumed in waste from restaurants and caterers, trade, parks and gardens, industries and
grease separators. This figure needs to be more thoroughly investigated.

3.6 CHX (Halogenated, mainly chlorinated, volatile compounds)

The content of CHX in household waste is 0.01 ppm of DM (SNV, 1993b). Waste from
trade and also waste from restaurants and caterers are assumed to have half that content,
i.e. 0.005 ppm of DM. This figure needs to be more thoroughly investigated. The same
content is assumed in waste from restaurants and caterers, trade, parks and gardens,
industries and grease separators. This figure needs to be more thoroughly investigated.

3.7 AOX (Adsorbable Organic Halogens)

We have not found any data on AOX values for solid organic waste, since AOX is defined
for material in the liquid phase. In the Uppsala case study, the content in solid waste is
assumed to be 0.

3.8 Heavy metals

3.8.1 Background

In this chapter the sources of solid waste, with the exception of households and Farmek, are
described. The reason for this is that household waste and also slaughterhouse waste have
been well investigated concerning heavy metals, and waste from the other sources have not.

3.8.2 Waste from restaurants and caterers

Waste from restaurants and caterers consists mainly of food leftovers and from preparation.
Since data is lacking regarding this kind of waste we have used analyses of food instead.
Koivostinen (1980) presents figures on the mineral composition of Finnish food, presented
as the content of different mineral elements in a large number of dishes and primary
products. We assume that the composition does not differ much from that of Swedish food.
SLV (1993) presents figures on, to some extent, the same minerals as Koivostinen (1980),
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but also some others. These figures concerns Swedish food. SCB (1993) gives the
consumption of different groups of foods in Sweden.

Based on these data we have calculated the content of heavy metals in a fictive average
Swedish diet. The heavy metal content of the waste was assumed to be the same as that of
the diet.

Table 5. Calculated content of heavy metals in an average Swedish diet and in waste from
restaurants and caterers

Heavy  Content in average Content in average Mean value  Value used in

metal diet, ppm of wet diet, ppm of wet ppm of wet ~ Uppsala case
weight (SLV, 1993)  weight (SCB, 1993) weight study

and and (Jorhem et al., ppmof DM #

(Koivostinen, 1980) 1984)

Pb 0.05 0.03 0.04 0.13

Cd 0.02 0.02 0.02 0.07

Hg 0.01 0.01 0.03

Cu 1.30 1.30 4.33

Cr 0.02 0.02 0.07

Ni 0.13 0.13 0.43

Zn 9.50 11.50 10.50 35.00

a UUsing 30% DM, which is the figure presented under the heading "Waste from restaurants
and caterers"
3.8.3 Trade

In chapter 6 the composition of trade waste is given, divided into the fractions meat, bread
and vegetables. In Koivostinen (1980) and Jorhem et al. (1984) the contents of heavy
metals in each group are given. Together, these data made it possible to form table 6.

Table 6. Calculated heavy metal content in trade waste (ppm of DM)

Heavy  Contentinmeat Content in bread Content in Value used in the

metal (6.2% of the (5.6% of the vegetables Uppsala case
waste) waste) (88.2% of the study, weighted

waste) mean value

Pb 0.02 0.06 0.03 0.03

Cd 0.00 0.03 0.02 0.02

Hg - 0.005 0.003 0.001 0.001

Cu 1.50 2.90 0.60 0.80

Cr 0.04 0.04 0.01 0.01

Ni 0.05 0.26 0.10 0.10

Zn 30.00 18.00 2.20 4.80




3.8.4 Grease separators

We assume that this waste consists of 50% butter and 50% vegetable oil. Using data from
Koivostinen (1980) this assumption gives table 7.

Table 7. Calculated heavy metal content in waste from grease separators, (ppm of DM)
(Koivostinen, 1980)

Heavy metal Value used in the
Uppsala case study
Pb 0.04
Cd 0.01
Hg 0.003
Cu 0.18
Cr 0.04
Ni 0.10
Zn 0.65
3.8.5 Parks and gardens

Figures from Widén (1993), Bengtsson & Fergedal (1991) and Uppsala public works office
(1993a) on the heavy metal content in compost were used to calculate the heavy metal
content in the fresh waste. We have assumed a 33% mass loss during composting when
recalculating the content of the composts to the composition of "fresh” waste before
composting.

Table 8. Content of heavy metals in waste from parks and gardens (ppm of DM)

Heavy Content Content Content Value used in
metal (Bengtsson &  (Widén, 1993)  (Uppsala publ. the Uppsala
Fergedal, 1991) works, 1993a) case study

Pb 7.6 12.4 18.1 12.7
Cd <0.5 0.2 0.1 0.2
Hg 0.05 0.05 0.03 0.04
Cu 12.3 21 14.7 16.0

Cr 53 13 12.1 10.1

Ni 3.5 6.2 6.4 54
Zn 66.0 76.0 60.0 67.3

3.8.6 Slotts

Slotts produces jams, marmalades, ketchup and mustards. We assume that the waste from
Slotts consists of 25% sugar, 37.5% oranges and 37.5% tomatoes. This is how the products
from Slotts are composed, and the compostable fraction of the waste has practically the
same composition as the products.
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Table 9. Calculated content of heavy metals in waste from Slotts

Heavy Content ppm of wet  Content ppm Mean value Value used in
metal weight (Koivostinen, of wet weight ppm of wet the Uppsala
1980) (Jorhem et al., weight case study *
1984) ppm of DM
Pb 0.08 0.03 0.06 0.14
Cd 0.01 0.01 0.01 0.03
Hg 0.002 0.002 0.005
Cu 0.25 0.25 0.60
Cr 0.01 0.01 0.02
Ni 0.04 0.04 0.10
Zn 0.80 0.90 0.85 2.10

« We have used 42% DM, according to chapter 8.2.

3.8.7 Bakeries
The figures for "bread" in table 6 are used in the Uppsala case study.

Table 10. Content of heavy metal in waste from bakeries

Metal Value used in the

Uppsala case study
ppm of DM

Pb 0.06

Cd 0.03

Hg 0.003

Cu 2.90

Cr 0.04

Ni 0.26

Zn 18.00

3.8.8 Nordmills

Nordmills is a mill situated in Uppsala. Since their compostable waste consists of moulded
wheat, the contents of heavy metals in their waste is assumed to be the same as in wheat.

Table 11. Content of heavy metals in waste from Nordmills

Metal Content ppm of wet  Content ppm of wet Value used in the
B o . Weight s L Weight . Uppsaia Case.study.... .
(Koivostinen, 1990)  (Jorhem et al., 1984) ppm of DM
Pb <0.05 0.06 0.05
Cd 0.02 0.03 0.03
Hg <(.004 0.004
Cu 6.20 6.20
Cr 0.04 0.04
Ni 2.00 2.00

Zn 25.00 22.00 : 24.00
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4. CHEMICAL COMPOSITION OF NUTRITIVES

4.1 Background

We have found literature data on the content of nutritives, such as proteins, fats and
carbohydrates, in wastes from different sources. These data have been used to calculate the
contents of C, O, H, N and S. First the assumed compositions of the nutritives are given.
These were used when calculating the contents of C, O, H, N and S in wastes from different
sources.

In the ORWARE vector, five nutritives are represented;

Fast degradable carbohydrates.
Medium degradable carbohydrates.
Slowly degradable organics.
Proteins.

Fat.

e & S & B

Fast degradable carbohydrates consist mainly of sugars and starch. The medium degradable
carbohydrates consist of cellulose and hemicellulose, whereas the slowly degradable
organics consist of lignin and humus. The other two groups are self-explanatory.

4.2 Composition

The calculated composition of these five groups is presented in Tables 12, 13, 14, 15 and
16.

4.2.1 Fast degradable carbohydrates (Chfd)

This group is a mixture of saccarides and starch. We have assumed that it consists of 75%
starch and 25% disaccarides.

Table 12. Composition of fast degradable carbohydrates (% by weight)

C H O
Monosaccharides (Enquist, 1964) 40.0 6.7 53.3
Disaccharides (Enquist, 1964) 42.1 6.4 51.5
Starch (Enquist, 1964) 44.4 6.2 49.5

Values used in the Uppsala case study 43.8 6.3 49.9
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4.2.2 Medium degradable carbohydrates (Chmd)

This group is a mixture of cellulose and hemicellulose. We have assumed a composition of
25% hemicellulose and 75% cellulose.

Table 13. Composition of medium degradable carbohydrates (% by weight)

Carbohydrate C H O

Hemicellulose (Fries, 1973) 40.1 5.2 54.3
Cellulose (Fries, 1973) 497 3.0 47.3
Values used in the Uppsala case study 47.0 4.0 49.0

4.2.3 Slowly degradable organics (Chsd)

According to Fries (1973) lignin consists of phenyl-propane units that are combined in
different ways. Humus is assumed to have the same composition. The average composition
is presented in table 14.

Table 14. Composition of slowly degradable organics (Fries, 1973) (% by weight)

C H O

Values used in the Uppsala case study 65.3 4.5 30.2

4.2.4 Protein

We have used a factor of 0.165 to calculate the nitrogen content from the protein content in
all wastes except from Nordmills , where we used 0.175 (Handbook of chemistry and
physics, 1979). The figures used for calculating the content of the other compounds in
protein are presented in table 15.

Table 15. Composition of protein (Handbook of chemistry and physics, 1979) (% by
weight)

C H S 0 N

Values used in the Uppsala case study 52.5 7.0 1.5 22.5 16.5
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4.3 Fat

From Enquist (1964) we got the amount of different fatty acids in different fats. From the
same reference, we got the chemical composition of fatty acids. Together, these data
provide the chemical composition of fats.

Table 16. Calculated composition of fats (% by weight)

Kind of fat C H O

Fat from cattle (Enquist, 1964) 76.0 123 117
Fat from pigs (Enquist, 1964) 76.0 123 117
Values used in the Uppsala case study 76.0 123 117

5. HOUSEHOLD WASTE

5.1 Amount

The amount of organic waste from households is calculated from the number of households
and the amount per household. The amount per household depends on whether it is a one-
family dwelling or an apartment. The figures from Uppsala public works office (1993b)
originate from two different sorting analyses made in Uppsala. The figures from SNV
(1993a) are useful for comparisons, they originate from three municipalities that have
source separation similar to Uppsala.

Table 17. Amount of organic household waste (kg wet weight per household and year)

Type of household Uppsala public SNV (1993a) Values used in the
works office Range  Mean Uppsala case study
(1993b)
One family dwelling 240 237-300 265 240
Apartments 130 114-125 120 130

We choose to use the figures from Uppsala kommun (1993b) because they originate from
Uppsala and they are in the same range as the figures from SNV (1993a). The number of
households within the system limits are 9600 one-family dwellings and 55700 apartments.

5.2 Composition

No single analysis has been found that has covered all the different substances in the
ORWARE vector. We have had to use figures from several different analyses. The problem
with this method is that different methods have been used and it is sometimes very difficult
to estimate the impact of the differences. Also, certain substances have not been analysed in
waste at all. For these substances we have used figures from other materials that are in some
sense similar to waste.
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5.2.1 Distribution of organic carbon

C-protein: We have assumed that all nitrogen is found as protein (Widén, 1993). Thus, the
protein content is given by N-total*6.25 (SLV, 1993). In table 21, describing the
composition of the household waste, we find 2.0% N of DM, which means a protein
content 12.5% of DM:

C-fat: The following assumptions have been made;

» The proportion of fat in the household waste is the same as the proportion of fat in
average Swedish food.

¢ The total intake of fat in Sweden is 121 g/day and person (SCB, 1993).

¢ The total intake of food is 564 g DM/day and person (SCB, 1993). This means that the
percentage of fat in food is 21.4% of DM.

* Accounting for the soft paper in the waste, 17% of the organic fraction of MSW
(Halmstad kommun, 1986), lowers the percentage of fat to 17.8% of DM.

C-carbohydrates: Gijzen et al. (1987) presents figures on the distribution between fast
degradable carbohydrates, medium degradable carbohydrates and slowly degradable
organics in organic fraction of MSW in the Netherlands.

Table 18. Distribution of some organics in waste from the Netherlands
(Gijzen et al. ,1987)

Substance % of sum of
carbohydrates+lignin

Lignin 8.8

Cellulose and hemicellulose 46.5

Sugar and starch 44.7

The percentage of total carbohydrates in the waste is calculated as follows; 100-ash-protein-
fat. Since the ash content is assumed to be 20% (table 21) this gives: 100-20-12.5-
17.8=49.7% carbohydrates of DM.

Table 19. Composition of organic fraction of MSW used in the Uppsala case study (% of
DM)

Substance Protein  Fat Slowly Medium Fast Total
degradable degradable degradable
organics carbo- carbo-
hydrates hydrates
Distribution of nutritives 125 ~ 17.8- - 4.4 o 231 222 80.0
C 6.6 13.5 29 10.7 9.7 43.4
0 2.8 2.1 1.3 11.4 11,1 28.7
H 1.0 2.2 0.2 1.0 14 5.8
N 2.0 2.0
S 0.1 0.1
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5.3 Composition of household waste according to some references

The references mentioned in table 20 are briefly presented, below:

1. Widén (1993) analysed source-separated organic waste from Uppsala city, both before
and after composting.
2. Uppsala public works office (1994) is an analysis of mature compost from Uppsala, a
50/50 mix of organic household waste and chipped park waste.
3. Koivostinen (1980) presents composition of average Finnish food, which means that no
soft paper, potato peel etc. is included.
4. Halmstad kommun (1986) is an analysis of organic fraction of manually sorted MSW,
sorted after collecting.
. Eriksson (1991) is an analysis of source-separated household waste from Uppsala.
6. Sundgvist (1991) is an analysis of is source-separated organic household waste from
Botkyrka near Stockholm.
. Heie (1981) is a Norwegian analysis of food.
. SNV (1993b) is an average of analyses of source-separated organic household waste
from six municipalities in Sweden.

Lh

o ~I1

When mature compost has been analysed, we have assumed that 33% of the mass of the
waste was lost during composting.

Table 20. Composition of organic household waste according to different sources

Substance Ref.1 Ref.1 Ref2 Ref3 Ref4 Ref5 Ref.6 Ref7 Ref§
fresh  compost

DM (% of ww) 40.6 40.8 30 316 30 372

Ash (% of DM) 36.6 12.2 30 214 167 318

C-Tot (g/kg DM) 249 ° 41.8 442 434 390

Chfd (g/kg DM) 19 7.8

Chmd (g/kg DM) | 0 8.6

Protein (g/kg DM) 9.2 6.6

Fat (g/kg DM) 15.2 13.5

O-Tot (g/kg DM) 35 260 31.2 23.9

H-Tot (g/kg DM) 5.4 62 68 5.2

N-Tot (g/kg DM) 211 1.9 19 27 185 20

S (g/kg DM) 0.24 022 0.25 0.23 020 0.1

P (g/kg DM) 0.46 040 040 0.26

K (g/kg DM) 1.13 121 065 0.73

Ca (g/kg DM) 3.01 265  3.15 223

Cl (g/kg DM) 0.39

Pb (ppm of DM) 26.0 99 166 102 38

Cd (ppmof DM)  0.34 0.87 1.6 1.2 0.66

Hg (ppmof DM)  0.10 021 027 1.0 0.38

Cu (ppm of DM) 48 " 119 273 145 44.2

Cr (ppm of DM) 53 21 214 37 13.4

Ni (ppm of DM) 10 154 312 27 10.0

Zn (ppm of DM) 141 ¢ 254 397 347 230

@ This low carbon content is explained by the high ash content.
b Varied between 32 and 5500
¢ Varied between 86 and 1885
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The heavy metal analysis by Widén (1993) show large variations. There were small pieces
of metal in the waste which gave these large variations. The analyses of the mature compost
showed less variation, probably due to corrosion of the metals during composting.

Note that the ash content is higher in analyses from source-separated waste than in food and
waste separated after collection. This is probably due to the fact that in the "compostable
fraction” the public are instructed to put wastes with high ash content such as cat-sand and
soil from pot plants.

5.4 Composition of organic household waste used in the Uppsala case
study

Column two of table 21 shows the composition of the organic household waste with the
present contamination levels. This composition was used in the scenarios describing the near
future in the Uppsala case study. Column three of the same table presents the composition
assumed for a cleaner, future waste used for simulating scenarios describing future systems,
with lower contamination levels in society.

Table 21. The composition of household waste used in the Uppsala case study

Substance Present waste  Cleaner waste
(Sundquist pers.
comm. 1994)

DM (% of ww) 35.0

VS (% of DM) 79.9

C-Tot (% of DM) 43.4

C-Chfd (% of DM) 9.7

C-Chmd (% of DM) 10.7

C-Chsd (% of DM) 29

C-Prot. (% of DM) 6.6

C-Fat (% of DM) 13.5

O (% of DM) 28.7

H (% of DM) 5.8

N (% of DM) 2.0

S (% of DM) 0.24

P (% of DM) 0.38

Cl (% of DM) 0.4

K (% of DM) 0.93

Ca (% of DM) - 28

Pb (ppm of DM) 86 10

Cd (ppm of DM) 0.93 0.3

Hg (ppm of DM) 0.39 0.1

Cu (ppm of DM) 126 20

Cr (ppm of DM} 29 5

Ni (ppm of DM) 19 3

Zn (ppm of DM) 274 130
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6. TRADE

The waste from trade originates from two different kinds of business activity, retail trade
and wholesale. They differ in amount but also in composition.

6.1 Amount

6.1.1 Retail trade

The amount, and to some extent the composition, of waste from trade was calculated as
follows: Figures on percentages of sold foodstuffs that are thrown away in grocery stores
are presented in Becker et al. (1985). The consumption of different foods in Sweden are
presented in SCB (1993). Assuming that the people in Uppsala do not differ significantly
from the rest of the population in Sweden, we calculated the losses in the stores. We also
assumed that 90% of the population in the municipality of Uppsala do their daily shopping
within the system’s limits. This means that the number of shopping persons are 156 600.

Table 22. Calculated amount of organic waste from grocery stores

Product Wastage, % of ~ Consumption per Consumption ~ Wastage in
sold amount capita, kg/year in Uppsala, Uppsala,
(Becker et al., (SCB, 1993) tonnes/year tonnes/year
1985)

Beef, fresh 2.2 76 ° 1184 26

Pork, fresh 0.5 134 ° 2 408 12

Citrus and 1.0 68.4 10711 107

apples

Carrots, onions 1.1 439 6 880 76

and tomatoes

Plain bread 0.6 32.3 5058 30

Buns 04 3.5 553 2

Pastry 0.4 3.4 536 2

u Assuming that 80% of all meat is sold fresh (i.e. not frozen or canned).

Columns 2 and 5 in table 22 represent the amount of food that really ends up in the trash
can. Some provisions are taken back by the supplier, for example bread, which is returned
and to some extent becomes waste at the bakeries. Eriksson (1991) studied the amounts of
organic waste in Uppsala that are available for anaerobic digestion and used another
method, mainly interviews. This makes it interesting to compare her figures with those
calculated.

Table 23. Comparison between table 23 and figures presented by Eriksson (1991)

Foodstuff Proportion of the Proportion of the
organic waste, % organic waste, %
(Table 22) (Eriksson, 1991)
Meat 14.9 20 °
"Vegetables” 71.6 74
Bread 13.5 6

« This figure includes cheese
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6.1.2 Wholesale

DAGAB, a major wholesale company, has approximately 18% of the Uppsala market and
generates 65 tonnes of organic waste per year (Eriksson, 1991). Assuming that this is the
average for wholesale, the gross figure for wholesale in Uppsala is 360 tonnes per year. This
waste is practically 100% of vegetable origin (Edstrdm, pers. comm. 1992).

6.1.3 Retail trade and Wholesale

The total amount and composition of organic waste from trade are calculated as the sum of
the amount of waste from retail, 235 tonnes, divided into three categories, and the amount
of waste from wholesale 360 tonnes, that is 100% of vegetable origin.

Table 24. The amount and composition of waste from trade used in the Uppsala case study

Provision . Amount, Part of the

tonnes/year waste (%)
Meat 38 ° 6.2
Bread 34 ° 5.6
"Vegetables” 543 ° 88.2
Sum 615 100.0

* These figures are for retail only
b This is the sum of amounts from retail and wholesale.

By comparison, the total amount of waste from trade can be estimated to 500-700
tonnes/year, according to Eriksson (1991), Lindman (1990) and Edstrém (pers. comm.
1993).

6.2 Composition

The composition of the waste from trade was calculated using the composition of the three
groups, meat, bread and vegetables, given by SLV (1993).

Table 25. Composition of meat, bread vegetables and total trade waste

Provision Partof DM, Partof Carbo Chfd Chmd Chsd Fat Prot. Ash
total, % DM% -hydr. %of %of %of %of %of %of
D% ... .. _ %of DM DM DM DM DM DM
DM
Meat 6.2 35 16 0 0.0 00 00 39 56 5
(SLV, 1993)
Bread 5.6 65 26 82 762 4.5 1.3 4 12 2
(SLV, 1993)
Vegetables 882 92 ° 38 89 534 334 2.2 2 6 3

(SLV, 1993)

Value used in

the Uppsala 50.1 205 20 84 156 3
case study

a According to Edstrom (pers. comm. 1993).
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The carbohydrates and slowly degradable organics mentioned in table 25 are distributed as
follows:

Bread: 7% fibres (SLV, 1993), of which 42% is cellulose, 36% hemicellulose and 22%
lignin (Brinslen fran jordbruksgrodor, 1986).

Vegetables: Cellulose 24.2%, Hemicellulose 13.3%, lignin 2.5% and fast degradable 60%
(Gijzen et al., 1987).

Table 26. Chemical composition of waste from trade, from chapter 4 and table 25 (% of
DM)

Substance Fat Protein Chfd Chmd Chsd Sum
Distribution of 8.4 15.6 50.1 20.5 2.0 97
nutritives

C 6.4 8.2 21.9 9.6 1.3 47.4
O 1.0 3.5 25.0 10.0 0.6 40.1
H 1.0 1.1 3.2 0.9 0.1 6.3
N 2.6 2.6
S 0.2 0.2

The composition used in the Uppsala case study is calculated using chapter 4 and weighted
averages of tables 25 and 26. Note that the percentages presented above are reduced in
order to account for the amounts of P, K, Ca and CI, which were not included previously.

Table 27. The composition of waste from trade used in the Uppsala case study

Substance Percentage Note

DM, % of wet weight 14.0

VS (% of DM) 91.8

C-Chfd (% of DM) 21.5

C-Chmd (% of DM) 13.0

C-Chsd (% of DM) 1.2

C-Fat (% of DM) 3.1

C-Protein (% of DM) 4.8

C-Tot (% of DM) 43.6

O (% of DM) 41.4

H (% of DM) 5.5

N-Tot (% of DM) 1.5

S (% of DM) 0.15

P (% of DM) 0.5 Same figure used as for household waste
Cl (% of DM) 0.4 Same figure used as for household waste
K (% of DM) 1.2 Same figure used as for household waste

Ca (% of DM) 2.9 Same figure used as for household waste
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7. FARMEK

Farmek is a major slaughterhouse in Uppsala. Today Farmek's waste is divided into six
categories due to the treatments used. These categories need different hygienisation. The
waste categories are; manure from the stables on the site, stomach content, sludge from the
internal sewage work, blood-water, "blue" waste and finally "red" waste.

The blue waste is offal that is hygienically acceptable. It has to be heated to 70°C to be
considered hygienic. The red waste is offal that in some way is infected, it has to be heated
to 130°C to be considered hygienic.

7.1 Manure from stables at the slaughterhouse

7.1.1 Amount

The amount is 2000 tonnes/year, wet weight. This figure is calculated from Eriksson
(1991), taking into account that the number of slaughtered animals has increased between
1991 and 1994.

7.1.2 Composition

The composition of this waste is assumed to be the same as for normal manure. The
composition is presented in tables 28, 29 and 30.

Table 28. Nutritive composition of manure (% of DM, unless otherwise stated)

Substance Composition Source

DM, % of wet weight 16.0 Databok for driftplanering (1983)

Ash 22.0 Biology of anaerobic micro-organisms (1988)
Protein 8.8 Databok fér driftplanering (1983)

Fat 0.6 Databok for driftplanering (1983)

Chsd 8.0 :

Chmd 61.0 :

Chfd 0.0 2

N-Tot 2.0 °

NH,*-N 0.6 Databok for driftplanering, 1983

‘a Calcilated using Databok for driftplanering (1983) and Biology of anaerobic micro=
organisms (1988). Biology of anaerobic micro-organisms (1988) gives the proportions of
carbohydrates which are listed as others in the composition according to Databok for
driftplanering (1983).

b Calculated as part protein/6.25
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Table 29. Chemical composition of manure, calculated from table 28 and chapter 4 (% of

DM)

Element Chsd Chmd Fat Prot Sum
Distribution of 8.0 61.0 0.6 - 8.8 78.4
nutritives
C 52 26.9 0.5 4.6 37.2
O 2.4 314 0.07 2.0 359
H 0.4 2.7 0.07 0.6 3.8
N 1.5 1.5
) 0.13 0.1

Andersson (1977) presents contents of heavy metals in Swedish manure, and Managing
livestock wastes (1975) is an investigation from the USA

Table 30. Composition of manure from the stables used in the Uppsala case study, % of

DM, unless otherwise stated

Substance Content Source

DM (% of wet weight) 16 Table 27

A 78 Table 27

C-Chid 0 Table 27

C-Chmd 26.9 Table 27

C-Chsd 52 Table 27

C-Fat 0.5 Table 27

C-Protein 4.6 Table 27

C-Tot 37.2 Table 27

O-Tot 36.0 Table 27

H-Tot 3.7 Table 27

N-Tot 2.0 Table 27

NH,"-N 0.6 Table 27

P-Tot 1.0 Databok for driftplanering (1983)

S-Tot 0.13 Table 27

Cl-Tot 0.4 Same as household waste

K 1.75 Databok for driftplanering (1983)

Ca 1.0 Mean value of several

Pb 6.6%¥10%  Andersson (1977)

Cd 0.32*%10%  Andersson (1977)

Hg 9*10¢ Andersson (1977)

Cu 4*103 Andersson (1977), Managing livestock
wastes (1975) state 3*10- % of DM

Cr 5.2*%104 Andersson (1977)

Ni 7.8%104 Andersson (1977)

Zn 22*%103 Andersson (1977), Managing livestock

wastes (1975) state 12*103 % of DM
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7.2 Stomach content

7.2.1 Amount

The amount of stomach content is approximately 3000 tonnes of DM per year (Edstrom,
pers. comm. 1993).

7.2.2 Composition

The stomach content is assumed to be a 50-50 mix of fodder and manure. The composition
of manure is the same as mentioned above and the values for fodder are presented below.

Because fodder for pigs and cattle are quite different we have to calculate how much of the
stomach content that comes from each kind of animal. The weight of the slaughtered pigs is
32 000 tonnes and the weight of the cattle is 16 250 tonnes (Eriksson, pers. comm., 1993).
From Ostlund (1980) we get the part of the weight that consists of stomach content in
fatstock, 16% for cattle and 6% for pigs. Together these figures give us the mix of the
fodder part in stomach content; 57% cattle fodder and 43% pig fodder.

Unfortunately, these figures lead to a total amount of 4500 tonnes/year and we state that it
is only 3000. The explanation probably is that the figures 16 and 6% are rather old and the
routines for feeding the animals before slaughter have changed during recent years. Still, we
assume that the proportions between pigs and cattle are the same.

The next assumption concerns the fodder composition. We assumed that fodder for pigs is
100% grain and fodder for cattle is 75% hay or silage and 25% grain.

Table 31. Composition of "average fodder”, manure and stomach content (% of DM)

Substance  Wheat (Brinslen  Timothy grass Weighted Manure  Stomach

fran jordbruks- (Brianslen frin  average (i.e.  (tab.28)  content
grodor, 1975)  jordbruksgrodor, fodder)
1975)

Ash 1.5 3.5 3 22.0 10.0
Protein 11.0 10.5 11 8.8 10.0
Chfd 76.5 32.0 57 0.0 28.0
Chmd 8.5 40.0 22 61.0 42.0
Chsd 2.5 14.0 7 8.0 8.0

Fat 2.5 0.0 0 0.6 0.3
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Tn table 32 the calculated figures are compared with one reference from literature.

Table 32. Nutritive composition of stomach content (% of DM)

Substance Table 31 Solyom Value used in  Note
(1978) the Uppsala
case study

DM 11.0 11.0

Ash 10.0 7.3 10.0

Protein 10.0 10.7 10.0

Fat 0.3 10.0 5.0

Chfd 28.0 : 27.0

Chmd 42.0 ¢ 40.0

Chsd 2.5 # 8.0

N-Tot 1.6 1.6 Calculated as protein/6.23
NH,"-N 0.2

“ Solyom (1978) states that 73% of DM are total carbohydrates

Table 33. Chemical composition of stomach content (% of DM), calculated from table 32,
Handbook of chemistry and physics (1979) and chapter 4

Substance Chfd Chmd Chsd Fat Prot Sum

Distribution 27.0 40.0 8.0 5.0 10.0 50.0
of nutritives
C 11.8 17.9 5.2 3.8 53 43.9

O 13.5 20.4 2.4 0.6 2.2 35.1
H 1.7 1.7 0.4 0.6 0.7 5.1
N 1.6 1.6
S 0.1 0.1
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Table 34. Composition of stomach content used in the Uppsala case study (% of DM,
unless otherwise stated)

Substance Content Note
DM, of ww 11.0

VS 90.0

C-Chfd 11.7

C-Chmd 17.9

C-Chsd 52

C-Fat 3.8

C-Protein 53

C-Tot 43.9

6] 39.1

H 5.1

N 1.6

NH,™-N 0.2

P 1.0 Databok for driftplanering (1983)
S 0.13 Same as manure

Cl 6.4 _Same as household waste

K 1.75 Databok for driftplanering (1983), same as manure
Ca 1.0 Managing livestock wastes (1973)
Pb 6.6%104 Andersson (1977)

Cd 0.32%10+4 Andersson (1977)

Hg g* [t Andersson (1977)

Cu 4*1073 Andersson (1977), Managing livestock wastes (1975)
Cr 5.2%104 Andersson (1977)

Ni 7.8%104 Andersson (1977)

Zn 22%103 Andersson (1977)

7.3 Sludge from the internal sewage work

7.3.1 Amount

The amount of sludge from the internal sewage work at Farmek is 4000 tonnes per year
(Edstrom, pers. comm. 1993).
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7.3.2 Composition

The composition of the sludge from Farmek’s internal sewage work is presented in table 35,
36 and 37.

Table 35. Nutritive composition of sludge from the internal sewage works (% of DM,
unless otherwise stated)

Substance Content Source

DM (% of wet weight) 18 Edstrom, pers.comm. (1993)
Ash 1 Edstrom, pers.comm. (1993)
Protein ‘ 40 Tritt & Schuchardt (1993)
Fat 44 Edstrom, pers.comm. (1993)
Carbohydrates 0

N-Tot 2 6.4

NH,'-N 0.3 Tritt & Schuchardt (1992)

a Calculated as protein/6.25

Table 36. Chemical composition, from table 35, Handbook of chemistry and physics
(1979) and chapter 4 (% of DM)

Substance Carbohydrates Fat Protein Sum
Distribution of 0 44.0 40.0 84.0
nutritives
C 0 335 21.0 54.5
0 0 5.1 9.0 14.1
H 0 54 2.8 8.2
N 6.6 6.6
S 0.6 0.6
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Table 37. Composition of sludge from Farmek's internal sewage works (% of DM, unless
otherwise stated) used in the Uppsala case study

Substance Content Note

DM, % of ww 18.0

VS 88.5

C-Ch Tot 0.0

C-Fat 35.3

C-Protein 22.1

C-Tot 57.4

0 14.8

H 8.6

N 6.8

NH,"-N 0.3

P 0.9 Tritt & Schuchardt (1992)
S 0.6

Cl 0.3 Same as blue waste

K 0.1 Tritt & Schuchardt (1992)
Ca 1.0 Managing livestock wastes (1975)
Pb 2*106 Chapter 3.8

Cd 0.2%10° d:o

Hg 0.5*%106 d:o

Cu 150* 106 d:o

Cr 4*10-6 d:o

Ni 5*106 d:o

Zn 3*103 d:o

7.4 Blood water

This waste fraction is a result of the fact that Farmek has increased its amount of slaughter.
Normally the blood is sucked out of the carcasses and used in the production of cured
meats. Due to the increase mentioned above, there is no capacity to utilise all blood, and
some is flushed away with water and thus becotmes waste.

7.4.1 Amount

The amount is 1500 tonnes per year (Edstrom, pers.comm. 1993).
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7.4.2 Composition

The composition of the blood water from Farmek is presented in table 38, 39 and 40.

Table 38. Nutritive composition of blood water (% of DM, unless otherwise stated)

Substance % Content Source

DM, of ww 7.0 Edstrom, pers.comm. (1993)
Ash 8.0 SLV (1993)

Protein 89.0 SLV (1993)

Fat 2.2 SLV (1993)

Chfd 0.5 SLV (1993)

Chmd 0.0

Chsd 0.0

N-Tot 2 14.2

NH,"-N 1.0 Tritt & Schuchardt (1992)

a Calculated as protein/6.25

Table 39. Chemical composition of blood water (% of DM), from table 38, Handbook of
chemistry and physics(1979) and chapter 4

Substance Chfd Fat Protein Sum
Distribution 0.5 2.2 80 91.7
of nutritives
C 0.2 1.7 46.7 48.6

0 0.3 0.2 20.0 20.5
H 6.0 0.3 6.2 6.5
N 14.7 14.7
S 1.4 1.4
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Table 40. Composition of blood water (% of DM, unless otherwise stated) used in the
Uppsala case study

Substance Content Note
DM, % of ww 7.0

VS 91.6

C-Chfd 0.2

C-Fat 1.7

C-Protein 46.7

C-Tot 48.6

O 20.5

H 6.5

N 14.5

NH,-N 1.0

P 0.5 Koivostinen (1980)
S 0.6 Koivostinen (1980)
Cl 0.6 Van Nostrand’s Scientific Encyclopaedia (1989)
K 0.6 Kotivostinen (1980)
Ca 0.1 Koivostinen (1980)
Pb 0.0 Koivostinen (1980)
Cd 2.5*%106 Koivostinen (1980)
Hg 1104 Kotvostinen (1980)
Cu 4.5%10+ Koivostinen (1980)
Cr 5%10¢ Koivostinen (1980)
Ni 10*10-6 Koivostinen (1980)
Zn 17.5%104 Koivostinen (1980)

« Van Nostrand's Scientific Encyclopaedia (1989) presents the content of NaCl in blood as
180 mg/100 ml blood which implies 110 mg Cl/100 ml blood. With current DM content this
makes 0.6% CL.

7.5 "Blue'" slaughterhouse waste

Hygienically satisfactory offal is called “blue waste”. It consists of the parts of the animals
we do not eat. For example hearts, lungs, udders, bones, skulls and so on. Presently this
waste is transported to a fodder-producing industry in southern Sweden. For hygienisation

it is heated to 70°C during one hour.

7.5.1 Amount

Farmek does not have data on the composition, but the amount is well known, being 2830
tonnes per year (Eriksson, pers. comm. 1993).
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7.5.2 Composition

The composition of the blue slaughterhouse waste from Farmek is presented in table 41, 42
and 43.

Table 41. Nutritive composition of blue offal (% of DM, unless otherwise stated)

Substance Content Source

DM (% of wet weight) 30 Edstrom, pers.comm. (1993)
Ash 10 Edstrom, pers.comm. (1993)®
Protein 50 Edstrom, pers.comm. (1993)
Fat 37 Edstrom, pers.comm. (1993)
Chfd 3 Edstrom, pers.comm. (1993) ®
N-Tot 2 8

NH,"-N 0

« Calculated as protein/6.25.
b Edstrom (pers.comm. 1993) states ash+C-Ch=13%, we assume 10% ash and 3% C-Chfd.

Table 42. Chemical composition of blue offal (% of DM), from table 40, Handbook of
chemistry and physics (1979) and chapter 4

Substance Chfd Fat Protein Sum
Distribution 3.0 37.0 50.0 90.0
of nutritives
C 1.2 28.1 26.3
0] 1.6 4.3 11.2 17.1
H 0.2 4.6 3.5 8.3
N 8.2 8.2
S 0.8 0.8
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Table 43. Composition of blue offal (% of DM, unless otherwise stated) used in the
Uppsala case study

Substance Content Sources and notes
DM, % of ww 30.0

VS 90.0 Table 41

C-Chfd 1.2 Table 42

C-Fat 28.1 Table 42

C-Protein 26.3 Table 42

C-Tot 55.6 Table 42

O 17.1 Table 42

H 8.3 Table 42

N 8.0 Table 42

NH,"-N 0.0

P 1.0 Koivostinen (1980) b
S 0.8 Table 42

Cl 0.3 ¢

K 0.6 Koivostinen (1980) b
Ca 1.0 Koivostinen (1980) b
Pb 2*106 Chapter 3.8

Cd 0.2%10 Chapter 3.8

Hg 0.5%106 Chapter 3.8

Cu 1.5%104 Chapter 3.8

Cr _ 4*106 Chapter 3.8

Ni 53%10° Chapter 3.8

Zn 30%104 Chapter 3.8

a This is half the content in blood, according to Van Nostrand's Scientific Encyclopaedia
(1989) the Cl-content in blood is higher than in other tissues.
b This is an assumption based on figures for different guts and bones from Koivostinen

(1980).

7.6 "Red" slanghterhouse waste

This waste has a lower hygienic status than blue waste and originates from animals that
have died of natural causes and from parts of or whole animals that have been rejected by
the veterinary control. In Sweden this type of waste may not in any form be used as fodder
for animals that are used for food production.

7.6.1 Amount

Farmek has a precise knowledge of the amount, 350 tonnes per year (Erikssoﬁ, pers.
comm., 1994).

7.6.2 Composition

We assume that the composition is the same as blue offal, table 43. The reason to have itin
a grade of its own is that it has to be heated to 130°C before it can be considered hygienic.
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8. INDUSTRIES APART FROM FARMEK

8.1 Pharmacia

Pharmacia is a medical industry in Uppsala, producing a polyglucose solution waste which
originates in the production of infusion nutrient. This waste is extremely clean, there is
hardly any contamination, the reason it becomes waste is that it is not absolutely sterile.

8.1.1 Amount

The amount is 5300 tonnes per year (Edstrdm, pérs.comm. 1993).

8.1.2 Composition

As mentioned above, this is a pure polyglucose solution, n*(C¢H;,O¢). Thus all other
positions than those in table 44 in its ORWARE vector are zero.

Table 44. Composition of waste from Pharmacia (% of DM, unless otherwise stated)

Substance Content
DM, % of w. weight 2.6
VS 100.0
C-Chfd 40.0
C-Tot 40.0
O-Tot 53.3
H-Tot 6.7

8.1.1 Energy consumption for evaporation

This waste is today utilised as fodder for dairy cows. To simplify the handling and use, its
DM content is increased, from 2% DM to 25% DM, by evaporation. The evaporation is
performed in a three-stage process. We assume 55% heat regeneration. The change in
entalphy between 20°C and 80°C is 2507 kJ/kg water (Mortstedt & Helisten, 1987). The
55% heat regeneration means that 1128 kJ/kg water is needed. An increase in DM from 2 to
25% implies that 46 kg water is to be removed per kg DM. This in turn implies an energy
consumption of 46 kg/kg*1.128 MJ/kg DM=51.9 MJ/kg DM.

8.2 Slotts

The waste from Slotts consists of batches of marmalade, mustard and ketchup that have
been rejected for some reason. The problem is that these products are wrapped in glass or
plastic, which may make them difficult to utilise.

8.2.1 Amount

There are no exact figures on the amount of waste. Today all waste is thrown into a skip
and the company does not know how much that is biodegradable. Eriksson (1991) states
150 tonnes per year and Jonsson (1993, pers. comm.) mentions 50 tonnes/year. We used the
figure 75 tonnes/year.
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We assume that the waste from Slotts has the following constituents; tomato ketchup,
orange marmalade and mustard, all to the same extent. The compositions of the three
constituents according to SLV (1993) and Koivostinen (1990) are given in table 43.

Table 45. Composition of the different constituents in waste from Slotts (% of DM, unless

otherwise stated)

Substance Ketchup Marmalade Mustard Mean

Koivo- SLV Koivo- SLV Koivo- SLV

stinen (1993) stinen (1993) stinen (1993)

(1990) (1990) (1990)
DM, % ww 30.00 30.00 55.00 58.00 34.00 37.00 41.0
Fat 1.70 0.00 17.30 6.3
Protein 5.00 0.34 15.40 6.0
Carbo- 79.30 98.80 54.90 77.7
hydrates
Ash 10.30 10.30 0.45 0.34 7.30 8.10 6.1
N 0.67 0.1 2.10 1.0
S 0.53 0.01 0.47 0.3
K 1.33 1.33 0.06 0.03 0.32 0.44 0.6
Ca 0.09 0.02 0.05 0.03 0.23 0.26 0.1
P 0.13 0.07 0004 34%1073 0.32 0.46 0.2
Zn 0.67*103 0.00 1.9%103 0.86*1073
Na 3.17 0.03 2.05 1.8

We assume that the carbohydrates consist of 50% starch and 50% disaccharides (i.e. only
fast degradable material). The figure for Cl is calculated using the content of Na, assuming

that all Na and Cl occur as NaCl.

Table 46. Chemical composition of waste from Slotts, from Table 45 and chapter 4 (% of

DM)

Substance Chfd Fat Protein Sum
Distribution 777 6.3 6.9 90.9
of nutritives
C 334 4.8 3.6 418
0 394 0.8 1.6 41.8
H 4.9 08 0.5 6.2
N 0.0 0.0 1.1 1.1
5 0.0 0.0 0.1 0.1
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Table 47. Composition of waste from Slotts, from Table 45, Table 46 and chapter 4 (% of
DM unless otherwise stated)

Substance Value used in the Uppsala Note
case study
DM, % of ww 41.0
C-Chfd 33.4
C-fat 4.8
C-protein 3.6
C-Tot 41.8
0 41.7
H 4.9
N-Tot 1.1
S 0.1
Cl 2.7 Calculated as 1.5*Na content
K 0.6
Ca 0.1
P 0.2
VS 92.3 Calculated so that sum of

org. matter+ash= 100

8.3 Bakeries

There are a number of industrialised bakeries in Uppsala. The waste from these industries is
of two kinds, flour and dough (Eriksson, 1991).

8.3.1 Amount

The amount of flour is 30 tonnes/year and dough 53 tonnes per year (Eriksson, 1991). This
waste is generated uniformly throughout the year and it is not packed in any way.

8.3.2 Composition

The DM content of flour is 86% and of dough 36% (Eriksson, 1991). This, together with
the amounts mentioned above, leads to a relation on DM basis of 60% flour and 40%
dough. These figures are used for weighting the averages in the following tables.

Table 48. Nutritive composition of waste from bakeries (% of DM), from chapter 4,
SLV (1993), Brinslen frdn jordbruksgrédor (1975 )

Nutritive Flour Dough Weighted C 0 H N S

compound average

Carbo- 88.4 82.8 86.2

hydrates

Chfd 76.9 77.0 77.0 337 384 49
Chmd 9.1 4.5 7.3 33 36 03
Chsd 24 1.3 2.0 1.3 06 0.1
Fat 1.5 4.7 2.8 21 03 04

Protein 9.9 12.1 108 56 24 08 19 0.16
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Table 49. Composition of waste from bakeries, figures from table 45 are diminished in
proportion to take the minerals (3% of DM) into consideration (% of DM unless otherwise
stated)

Substance Dough Flour Table 46  Value used
in the
Uppsala
SLV Koivostinen SLV Koivostinen case study
(1993) (1980) (1993) (1980)
DM, % of 36.0 86.0 86.0 55.0
WW
VS 97.0 97.0 99.5 99.5 98.5
C-Tot 447 44.7
C-Chfd 32.7 32.7
C-Chmd 3.3 3.3
C-Chsd 1.3 1.3
C-Fat 2.0 2.0
C-Protein 54 54
O 439 43.9
H : 6.3 6.3
N-Tot 2.2 2.4 1.9 2.3
S 0.1 0.2 0.2 0.1
p 0.2 0.2 0.1 0.2 0.2
l 1.2 ° 0.5 ° 0.8
K 0.3 . 03 0.1 0.19 0.2
Ca 0.1 0.1 0.0 0.0 0.05

a Caleulated as the natural Cl content (see footnote b) and the content calculated from the
Na content, assuming that all Na and Cl is present as NaCl.

b According to Fries (1973), the natural CI content in plants are between 0.14 and 1.1 0 %
of DM. We assume 0.5% of DM,

8.4 Nordmills

This waste consists of wheat grain that moulds during storage. This waste occurs very
unevenly in time and amount, if one silo gets mouldy, the whole volume has to be
condemned. This complicates the handling of this waste. Normally there is no waste and
then suddenly there are 10-50 tonnes all at once.

8.4.1 Amount
The assumed amount is 50 tonnes/year, which is the figure for 1990 (Eriksson, 1991).

8.4.2 Compeosition

The DM content in dried grain is supposed to be below 15%, so we assume 15% for the
grain that is mouldy.
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Table 50. Nutritive composition of waste from Nordmills (% of DM) calculated using
chapter 4

Substance Akerberg Briinslen frin  Value C 0 H N S
et al. jordbruks- used in
(1965) grodor the
(1975} Uppsala
case study
VS 95.8 98.5 97.0
Protein 12.6 10.6 12.0 63 27 08 20 02
N-Tot 2 2.0 1.7 1.9
Chfd b 76.5 74.0 324 370 46
Chmd b 8.5 8.5 40 42 03
Fat 2.3 2.5 2.5 19 03 03

4 Calculated as protein/6.25
»Sum of Chfd and Chmd is 80.5% of DM

Table 51: Composition of waste from Nordmills (% of DM unless otherwise stated)

Substance Value used in Source or note
the Uppsala
case study
DM, % of ww 85.0 Table 50
VS 95.6 Table 50
C-Chid 32.4 Table 50
C-Chmd 4,0 Table 50
C-Chsd 0.0 Table 50
C-Fat 1.9 Table 50
C-Protein 6.3 Table 50
C-Tot 44.6 Table 50
O 44.2 Table 50
H 6.0 Table 50
N-Tot 1.9 Table 50
S 0.15 Koivostinen (1980) states 0.16
p 0.25 Mean from Koivostinen (1980) and SLV (1993)
Cl 0.5 Table 49 .
K 0.3 Mean from Koivostinen (1980) and SLV (1993)

Ca 0.04 Mean from Koivostinen (1980) and SLV (1993)
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9. RESTAURANTS AND CATERING

There are several investigations regarding organic waste from restaurants and catering. The
problem is that the results differ widely, both concerning the amount and the composition.

9.1 Amount

According to Berg (1992) the amount of waste from restaurants and caterers can be
calculated as a function of the number of employees in restaurants and hotels. The
municipality of Uppsala has 62% of the inhabitants in the county of Uppsala (SCB, 1993).
We assume that the proportion of the labour force that works in the above-mentioned
business in Uppsala is the same as in Sweden as a whole (the statistics only give the national
level proportion). We also assume that 95% of the employees in restaurants and hotels
work within the city and only 5% work in the countryside and thus are outside the system’s
boundary. The employees in restaurants number 1162 and in hotels 642 according to the
reasoning above, combined with data from SCB (1993). The amount of waste per employee
is 1258 kg/year in restaurants and 1000 kg/year in hotels. The figures above lead to 2100
tonnes/year, as an estimate of the amount of organic waste from restaurants and catering.

This is the figure chosen, being within the range 1650 tonnes/year (Lindman, 1990) to 5100
tonnes/year (Eriksson, 1991), which are the two extreme values found in literature.

9.2 Composition

We assume that this waste has the same composition as the average intake of food in
Sweden according to SCB (1993). This assumption is based on the fact that waste from this
branch mainly consists of food leftovers and to some extent of preparation waste. These
materials are likely to have a similar composition to the food we eat.

Table 52. Intake of nutritives in Sweden

Nutritive Intake, Distribution Distribution of Chosen

g DM/person*day of nutritives value, 3
(SCB, 1993) nutritives,  (Anderberg, 1980), % of DM
% of DM % of DM

Protein 90 15.9 15.8 13

Fat 121 214 30.6 24

Chmd 20 °

Chsd 27 °© 48 ° 53.6 ° 4 °

Sum 564 100.0

¢ The chosen values have been reduced to account for the ash content of 20%.
b The distribution of carbohydrates is presumed to be the same as in household waste.
¢ Sum of Chmd and Chsd.
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Table 53. Nutritive composition of waste from restaurants and caterers (% of DM)

Nutritive C ] H N S
Protein 6.8 29 0.9 2.2 02
Fat 182 2.8 3.0

Chfd 8.3 9.5 1.2

Chmd 93 99 0.8

Chsd 2.6 1.2 02

Sum 4572 263 6.1 2.2 0.2

Table 53 together with some single data from other references and also from household
waste gives the assumed composition of waste from restaurants and caterers used in the
Uppsala case study (Table 54).

Table 54. Composition of waste from restaurants and caterers { % of DM unless otherwise
stated)

Substance Value Source or note

DM, % of ww 30.0 Widén (1993), Wikberg & Mathisen (1991)

VS 79.6 Widén (1993), Wikberg & Mathisen (1991)
C-Chfd 8.3 Table 53

C-Chmd 9.3 Table 53

C-Chsd 2.6 Table 53

C-Fat 18.2 Table 53

C-Protein 6.8 Table 53

C-Tot 45.2 Table 53

O 26.3 Table 53

H 3.1 Table 53

N-Tot 2.2 Table 53

S 0.2 Koivostinen (1980) states 0.16

P 0.1 Mean from Koivostinen (1980) and SLV (1993)
Cl 04 Same as household waste.

K 1.2 Mean from Koivostinen (1980) and SLV (1993)
Ca 2.8 Same as household waste.

10. GREASE SEPARATORS

The grease separators are installed in connection with restaurants and caterers and consists
of a devices that decreases the fat content of the waste water. Fat may cause problems in
the sewers and in the sewage plant.

10.1 Amount

The amount is 3000 tonnes/year (Edstrom, pers. comm. 1993).
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10.2 Composition

The composition is calculated using the assumption that 90% of DM is fat and the residual
being fast degradable carbohydrates. The DM content is 2% (Edstrom, pers.comm. 1993).

Table 55. Composition of fat water ( % of DM unless otherwise stated), Koivostinen (1980),
SLV (1993) and chapter 4

Substance Fat C-Chfd Fat Fat Value used in the
(90% of DM) (10% of  (Koivo- (SLV, Uppsala case
(chapter 4) DM) stinen, 1993) study @
(chapter4)  1980)

DM, % of ww 2.0

VS 99.0 98.0 98.0

C-Fat 67.9 66.6

C-Chfd 4.4 4.3

C-Tot 70.9

0 10.5 4.9 15.3

H 11.1 0.6 11.6

N 0.1 0.1 0.1

S 0.1 0.1

P 0.03 0.02 0.05

Clb 1.0 1.0

K 0.02 0.02 0.02

Ca 0.02 0.02 0.02

« Some figures are decreased in proportion to the VS content.
b Assumed that all Na and C1 is bound as NaCl, since the content of Na is known, the Cl
content can be calculated.

11. PARKS

11.1 Amount

According to Uppsala kommun (1993b) the amount of waste from parks is 11 kg/inhabitant,
and in Uppsala this implies 1900 tonnes/year.

11.2 Compesition

The nutritive composition of park waste is presented in table 56. The figures originate from

several investigations. Thereafter the chemical composition is presented in table 57, using
data from chapter 4 to transform the data from table 56.
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Table 56. Nutritive composition of waste from parks (% of DM unless otherwise stated)

Substance Partof DM VS Chfd Chind Chsd Prot
DM *

Wood 70 75°  97° 70¢ 24° 4°

Leafs 20 40° 75° 21t 2t 20f 1f

Grass cuttings 10 20  94° 32¢  40* 14¢ 10°

Weighted average 61 90 8 59 22 4

= Jonsson (1993, pers. comm.)

b =Statens energiverk (1985)

¢ = Fries (1973)

9 = Bréinslen frén jordbruksgrodor (1975)
¢ = Tillman (1978)

! = Wessén (1983)

Table 57. Chemical composition of park waste (% of DM unless otherwise stated),
calculated from table 56 and chapter 4

Substance Chfd Chmd Chsd Protein Total

Distribution 8.0 59.0 22.0 4.0 93.0
of nutritives

C 3.5 26.6 14.4 1.8 46.3
0 4.0 28.0 6.6 0.8 39.4
H 0.5 2.5 1.0 03 4.3
N 0.6 0.6
S 0.05 0.05

Table 58. Composition of waste from parks (% of DM unless otherwise stated)

Substance Value used in the Source or note
Uppsala case study
DM, % of ww 60.0 Table 56
VS 90.2 Table 56
C-Chfd 3.5 Table 57
C-Chmd 26.6 Table 57
C-Chsd 14.4 Table 57
C-Protein 1.8 Table 57
C-Tot 46.3 Table 57
0 39.0 Table 57
H 4.0 Table 57
N-Tot 0.7 Table 57
S 0.05 Table 56, Widén (1993) states 0.06
P 0.1 Average of Widén (1993) and Bengtsson & Fergedal (1991.)
d 0.5 Table 49
K 0.5 Average of Widén (1993) and Bengtsson & Fergedal (1991.)
Ca 1.0 Average of Widén (1993) and Uppsala public works office

(1993a)
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12. GARDENS

Organic waste from gardens consists of afl waste that is generated in private gardens and in
some way treated. This implies for example that grass clippings that remains on the lawn is
not included. The treatments can be composting, burning or depositing it on a landfill.

12.1 Amount

The amount of waste from private gardens are 15 kg/year and one-family dwelling and 5
kg/year and apartment (Berg, 1992). This figure represents only the waste that is presently
collected. Many garden-owners take care of their garden waste themselves. Since the aim of
the ORWARE model is to compare different handling systems for all organic waste, we
increase the amount from one-family dwellings by 100%, i.e. to 30 kg/year and garden.
With the numbers of households in Uppsala we get 560 tonnes/year.

12.2 Composition

We use the figures for park waste with the difference that there are no grass clippings, the
wood part is 85% and the leaf part is 15%.

Table 59. Nutritive composition of waste from gardens (% of DM unless otherwise stated)

Substance  Part of DM VS Chfd Chmd Chsd Prot

DM

Wood 85 75 ¢ 96 * 549 24 ¢ 4°
Leaves 15 40° 75° 27 27¢  20° 1°
Weighted

average 70 52 4 64 23 3

“ =Statens energiverk {1985)

b = Fries (1973)

¢ = Brinslen fran jordbruksgrodor (1975)
4 = Tillman (1978)

¢ = Wessén (1983)

Table 60. Chemical composition (% of DM), calculated from table 59 and chapter 4 -

Substance Chfd Chmd Chsd Protein Total

Distribution 4.0 64.0 23.0 3.0 94
of nutritives

1.8 29.8 15.3 1.6 48.5

2.0 2.5 7.1 0.7 12.3

0.3 2.5 1.1 0.2 4.4

0.5 0.5

0.05 0.05

nwZImon
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Table 61. Composition of waste from gardens (% of DM, unless otherwise stated)

Substance Value used in Source or note

: the Uppsala

case study

DM, % of ww 70.0 Table 59
A 92.4 Table 59
C-Chfd 1.8 Table 60
C-Chimnd 29.8 Table 60
C-Chsd 15.3 Table 60
C-Protein 1.6 Table 60
C-Tot 48.5 Table 60
6] 41.7 Table 60
H 4.4 Table 60
N-Tot 0.5 Table 60
S 0.05 Table 60
P 0.1 Average of Widén (1993) and Bengtsson & Fergedal (1991.)
Cl 0.5 Table 49
K 0.5 Average of Widén (1993) and Bengtsson & Fergedal (1991.)
Ca 0.5 Average of Widén (1993) and Uppsala public works office (1994)

13. DISCUSSION

The main result from this survey is the lack of data concerning organic wastes, not only
regarding contaminants but also the distribution of the main constituents and content of
plant nutrients.

There are different levels of accuracy in the numbers given in this report. The accuracy can
be divided into three levels. The highest level, where we have found good data, include:

 Heavy metal content in most waste fractions. There were few data for the industry
waste, but instead there were data available for the food that the waste originated from.

e The amounts of waste from all sources, except grease separators, are fairly easy fo get
data on. This is the measure used in the economic system, the companies are charged by
volume or tonne of waste that they generate.

e Some waste fractions from the slaughterhouse, manure and stomach content. These
fractions are used in agriculture as fertilisers or soil amendments and therefore are
analysed, both concerning content of nutrients and heavy metals.

The medium level of accuracy concerns;

e The distribution of the major constituents and plant nutrients in household and park
waste.

e Most waste fractions from the slaughterhouse, sludge, blood and slaughter waste. No
analyses were performed on the waste but relatively good assumptions could be made
using data from animal physiology and food chemistry.

e The distribution of major constituents and plant nutrients in the other industrial waste,
Slotts, Nordmills, Pharmacia and industrialised bakeries. As for the slaughterhouse
waste, no analyses have been performed on the waste, but since the waste is well-defined
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regarding “ingredients”, mainly food, it is possible to use data for food to estimate the
composition of the waste.

The substances where the presented numbers are insufficiently substantiated are:

o The amount of organic pollutants (CHX, VOC, PAH, PCB, AOX, dioxins and phenols)
in all waste fractions.

The greatest need for more research concerning the composition of organic waste, as we
see it in the light of the simulations with ORWARE, is primarily concemning the major
constituents, the nutritives, such as carbohydrates, fat, protein etc., in addition to the
content of plant nutrients. This is urgent since the performance of the biological treatment
processes is dependent on the composition of the feedstock. The content of organic
pollutants in waste is not well investigated. However, since the knowledge is small
concerning the fate of these substances in the treatment processes and to some extent also
concerning their environmental impact, a better knowledge of the content of organic
pollutants will not automatically increase the accuracy of the simulation results.
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