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13 partners in 6 countries
3.5 M€ from 2010 - 2013
Coordinator Soton

Aim:

To valorise the energy
from food waste by
anaerobic digestion (AD),
with full evaluation of the
associated whole-life
energy balances from
collection to product
utilisation.




FW recovery

* Allows efficient recovery of a second-generation
fuel product with multiple end-uses

e Returns nutrients to agriculture, with associated
economic, energy and carbon gains from
offsetting of artificial fertilisers

 Reduces moisture content of residual waste,
improving CV and efficiency of thermal recovery,
and increasing the range of thermal technologies

* Increases potential for recovery of commodity
grade recyclables
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Today’s presentation

FW collection systems in Europe

— Energy in FW collection

FW characterisation

— Compositional characteristics

— Biochemical composition

— Contaminants
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FW collection schemes in Europe

» Key factors that affect performance

— Gross weight, contamination, participation,
capture rate etc

e Questions
— Who collects it?
— How is this done?

— What type of information is available and how
easy is it to get?




FW collection schemes in Europe

Methodologies

— guantitative compositional analysis, observational
studies, public opinion surveys

Web-based surveys
— Organisations
— Search terms

Pilot
Modifications

QA




Survey results
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Survey results
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Lining your kitchen bucket

@ Place the kitchen bucket onto
two sheets of newspaper.
(or one sheet folded
if its a broadsheet paper)
Cut or tear 4 lines as shown,

cut/tear in q —p
ah

4 places

Fold the ceﬁlre
parts inwards,

Trirn.

After Step 3 your liner may bea |

area
~ represents
bin bottom

Bring the outer
parts @) & (©
inwards, and
place (A) down
into the bucket.
& (©) should now

absorbancy /

bit creased. This is normal. Itis a

good idea to trim off excess b

paper hanging over the edge of Fold a sheet as above,
the bucket so that the lid is able Place inside and tuck the
to close properly. excess inside the bucket.
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Survey results
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Survey results

3 types but merge

— critical for plant design and operation

Container size a significant factor
— plastic bags

Inconsistent definitions
Good practice information
Methodology




FW Collection

* Energy out > Energy in ©
* Energy out < Energy in ®
 Multiple factors

— Climate, population size and density, vehicle type,
working hours, collection frequency, participation
rate, segregation efficiency: no information




Mechanistic model

* |nput

— No. of households, housing density, FW
generation rate, participation rate, collection
frequency etc

e Select

— Vehicle type, crew size, no. of bins etc

* Outputs

— fuel consumption, collection hours (staff time), no.
of vehicles required




Mechanistic model

* Fuel savings of 25% and more g;;gfg;
* |nsights on vehicle design E°°

— pod better than split Fooo

10 20 30 40 50 60 70 80 90 100
Capture rate (%)

Scoping tool

* Best: weekly food waste collection with AWC of
recyclable and residual waste by compartmentalised
vehicle

* Worst: weekly separate collection of recyclables,
residual and food waste by single-compartment RCV




FW composition

* Approaches
— Compositional characterisation
— Physico-chemical analyses
* Composition — categories?
— WRAP and other studies
— Partner systems




Compositional characterisation

WRAP revised (2009) WRAP original (2008) VALORSUL VALORGAS Greenfinch
1 Fresh vegetables and salads 7 Vegetables 1 Vegetables 1 1a Fruit and vegetable waste 1 Fruit & veg peelings
3 Fresh fruit 5 Fruit 13 Fruit 1b Fruit and vegetables (whole) 2 Fruit & veg whole
8 Processed vegetables and salad | 6 Salads 3 Salads 1c Large stones, seeds and fibrous 17 Seeds & stones
14 Processed fruit materials
10 Staple foods 4 Dried foods/powders 8 Dried foods/powders 2 Pastal/rice/flour/cereals Pasta/rice/flour
Cereal

3
9
4 Bakery 1 Bakery 10 Bakery 3 Bread and bakery 4 Bread and bakery
6 Meat and fish 2 Meat and fish 9 Meat and fish 4 4a Meat and fish 5 Meat and fish
32 Special - bones 4b Bones 6 Bones
7 Dairy and eggs 3 Dairy 7 Dairy 5 5a Dairy 8 Dairy
5b Egg shells 7 Eggs
2 Drinks 9 Drinks 4 Drinks 6 Drinks 10 Tea bags & coffee
13 Confectionery and snacks 8 Confectionery and snacks 5 Snacks 7 7a Confectionery and snacks 11 Sweets & desserts

11 Cake and desserts

11 Desserts

7b Desserts

9 Condiments, sauces, herbs and

10 Condiments, sauces, herbs and

12 Condiments, sauces, herbs and

8 8a Condiments

spices spices spices
5 Meals (homemade and pre- 12 Mixed foods 6 Mixed meals 8b Mixed meals 16 Mixed meals
prepared)
15 Other 13 Other 11 Other food 9 Other food 12 Other food material
12 Oil and fat

10 Biodegradable bags

14 Biodegradable bags

2 Garden waste

11 Garden waste

13 Non food biodegradable v

14 Paper
15 Cardboard - packaging
16 Cardboard - non packaging

12 Paper and card

17 Plastic - film bags

18 Plastic - bottles

19 Plastic - polystyrene
20 Plastic - other

23 Ferrous metals

24 Non ferrous metals

21 Glass - packaging

22 Glass - non packaging
25 Composites

26 Textiles

27 Sanitary textiles

28 Combustibles - wood
29 Combustibles - other
30 Incombustibles

31 Special - packaged organics
33 Special - other

13 13a Plastic containers

13b Plastic film (non-biodegradable)

13d Metals

13e Glass

13f Miscellaneous




Compositional characterisation

* VALORGAS partners
— Finland, Portugal, Italy, UK

Multiple studies in UK
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Compositional characterisation
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Compositional characterisation

Treviso, Italy

Forssa, Finland

B Fruit & veg waste

B Fruit & veg whole

H Stones & seeds

W Pasta/rice/flour/cereals
M Bread & bakery

B Meat & fish

B Bones

W Dairy

= Egg shells

M Drinks

Loures, Portugal Richmond, UK

B Confectionery & snacks
I Desserts

Condiments

Mixed meals

Other food



Compositional characterisation
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Compositional characterisation

Food waste composition, Presteigne, 2 day average / % by weight

Biodegradable bags
Other food materiaks

0.4% Contamination

Mon-food bindegradable
waste
02%

Mized meak

Snacks f sweets £

dessers
0.2% Fruit &Wegqwaste
28.4%

Tea bags ! coffes gr
11.2%

Eqgs (inc s hells)
1A%

[ airy

0.1%

sample dz:

2 days ceecion
100 bags per day

Bones
2%

Me at & fish
S0%

Bread & bakeny
12.8%

Fruit &Veg whole

Cereal

Pasta / rice
0.4% 2%

Seeds and stones

Food waste composition, Central Beds, 1 day /% by weight

Mixed mealz  Biodegradable bags
2.7% 7%

Contamination
2.9%
SnaCJ:S-;:\r't\:BTS ! on-fond bindegradakle
2.2% 2
Teabags / coffes .
granules
6.3%
Fruit & “egwaste
47 6%

Eggs (inc shells)
1.5%

Drairy.
1.3%

Bones

33%
Meat & fizh
3.9%
Bread & bakery
101%
Cereal
1.4% Sample size:
Pasta frice :nﬁ:f'::,':;

Seeds and fones it & “eg whole
0.1% 11 6%

1.7%

Food waste composition, Ceredigion, 2 day average /% by weight

Cther food materials  _Biodegradable bags
0.4% 20%

Mixed meals
5.5%

Snacks f saeets Contamination
deszerts 0.3%
0.2%
Teabags [ coffee on-food biodegracable
oranules waste

8.8% 0.5%

E gg= (inc shells)
1.0%

Drairy

Bread & bakery
10.5%

Cereal

02% Pasta/hce
0.7% Sample size:
2days clkeclon
100 bags per day

Seeds and Sonesgruit & Yeg whole
03% 8.3%

Food waste composition, Surrey, 1day / % by weight

Biodegradable bags C ontamin ation
6.1% 0%

Morfood bindegradable

Other food materiaks w aste
0.0%
Mized meak
AT 7%
Fruit & Vegwaste

J53%

Tea bags [ coffee granules
T%

Egas (incz shelks)
1.6%

Bones
27%

Me at & fish

05%
Sample size:
Bread & bakery 1y colkeclon
100 bays per day

8.3% Fruit &Wegwhaole

T A%

Seeds and stones

Food waste composition, Leatherhead, 1 day /% by weight

. iodegradable bags
Cther food materials = 4%

0.0% Contamination

21%

on-food biodegradakble
waste

0.0%

Mixed meals

9.5%
Snacks f sweets
desserts
11%

Tea bags / coffes
granules
50% it & Vegwaste

45.4%

E gg= (inc shells)
1.0%
Drairy
0.7%

Bones
27%

Meat & fizh
35%

Bread & bakery

10.0% Cereal . .
1.2% et
100 bags per day

it & “eg whole

Seeds and stones
7.2%

Pastafrice
1.4% 0.7%

F ood waste composition, Ealing, 1 day / % by weight

C ontamination
2%

/

Biodegradable bags
4.1%

Mon-food bindegradable

Other food materiaks waste

1.5%

Mixed meals
AT 2%

Snadks [ sneets [ Fruit &\eg waste

dessers
1.0%

Teabags f coffee g
4.2%

Egas= (inzzhelk),
0.9%

Bones
27%

Meat & fish Sample size:
1igys caleckon
2.0% 106bag per ey
Bread & bakeny
2.5%

Fasta frice . Seeds andstones Fruit &Wegwhole
2.5% 0% 47 %




Physico-chemical analysis

UK Finland Italy Portugal
Luton? Hackney®  Ludlow? Eastleigh  Eastleigh  Forssa Treviso Treviso Lisbon Lisbon Lisbon
rawwaste  to digester to digester

(Lab2)  (Lab2) (Lab 2) (Lab 2) (Lab 1) (Lab 1) (Lab 1) (Lab 3) (Lab 3)

Fundamental characteristics for anaerobic digestion

pH
TS
VS
VS
TOC
TKN
TKN

Ccv

% WW "

512+ 0.01 518+ 0.01 471+0.01 5.02+0.01 5.70 5.34 6.16
23704006 25744018 23744008 25804001 28624007 27024012 27474003 24431457 23

% WW

21.84+0.10 23.47 £0.31 21.71 £ 0.09 24.00 +0.03 26.83 +0.16 24.91 +0.05 23.60 £ 0.09 20.16 £+3.75  27.60

%TS
%TS

91.28+0.20 91.17 + 0.91 91.44 + 0.39 92.70 + 0.12 94.18 + 0.42 92.26 * 0.26 86.60 % 0.40 83.32 * 5.87 81.7
512+12 513+02 483+1.0 48.76+0.87
3.12+0.01 3.13+0.03 342%+0.04 291+0.05 2.74+0.05 239+0.04 255+0.03 2.84+0.76 15

g kg'1 ww 7.39+002 8.06+0.08 812+0.09 753+0.13 784+0.16 645+01 7.02+01 7.19+2.06 51

kig' TS

Biochemical composition

Lipids

gkg' Vs

Crude protein gkg™ VS

Nutrients
TKN (N)
TP (P)
TK (K)

g kg'l TS
g kg'1 TS
g kg'l TS

Elemental analysis

oOwITOZ

%TS
%TS
%TS
%TS
%TS

21.43+0.12 21.64 £0.11 20.66 = 0.18 20.97 +0.02 21.32 + 0.08 21.39 + 0.11 20.50 + 0.01

148 + 4 157+ 2 151+1 149+ 1 152 +2 156 +05 202+0.5
2131 2132 235+3 197+ 4 183+4 162+0.4 186 + 3

31.2+0.1 313+03 342%+04 291+05 274+05 239+04 255+03 28.44+7.62 15

487+0.08 6.41+012 541+032 2.82+0.13 294+0.01 2.73+0.05 3.47+0.06 3.26+1.54 5.0
123+0.1 129+06 143+08 859+0.27 112+02 100+02 100%0.1

3.12+0.01 3.13+0.03 342+0.04 291+0.05 2.80+0.02 2.46+0.03 2.58+0.05
512+12 513+02 483%x10 488+09 506+02 494%0.04 47.2x0.01
6.56+0.04 6.67+0.13 553+0.63 6.37+0.19

0.21+£0.00 0.23+0.03 0.15+0.01

30.7+12 298+04 343+25 347+09

(Labl)  (Lab3)

22-27%

6.93 £ 0.07 4.30
437 £0.05 2.72
25.23+£0.26

314+ 04

23-30%

5720
548+0.1

@

Samples analysed as part of the Defra funded project WR1208 (Banks et al., 2011) PWW = wet weight
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Overall characterisation

e Similar
...but may be changing?




AD of Food waste

e Early problems associated with this feedstock

VFA, mg/l
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AD of Food waste

e ... now resolved at mesophilic temperatures

— hypothesis on metabolic pathway and role of
hydrogenotrophic methanogens proven

* Laboratory-scale reactors running at up to 7 kg
VS m=3 day!, compared to < 2 kg VS m=3 day!

* Robust under varying loading




AD of Food waste

a
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AD of Food waste

e ...still unclear in thermophilic conditions

— different metabolic pathways and micro-
organisms, increased ammonia toxicity

* Looking at other approaches

biogas removed

— D i | u t i O n biogas circulated ammonia ronia
/—s\ capture removed
— Ammonia removal ~—1
N

mesophilic
digester ®

e 35°C
food waste |~ ( )
—_—> mixing tank
< \\/

recycled digestate

digestate

(0.02)
Jasunalsed

(




TAN (mg N kg-1)

Ammonia removal

TAN profile
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Ammonia removal

* Potential solution for thermophilic operation
* Opens up possibility of ‘designer digestates’
* Application to other feedstocks




Overall view

e Other activities

— gas upgrading, use in transport, case studies,
residuals

* Energy balance approach

— energy - carbon - nutrient

— ‘join up the bits’
— complex versus simple
— consequences of decisions




Thank you!

www.valorgas.soton.ac.uk




