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Objectives of the study

The objective of the present research was twofold:

~» To Investigate the qualitative, quantitative and
physicochemical characteristics of HFW produced in

Greece

~ To assess the potential of HFW for biogas production.



The language of food waste...

There is no common definition of food waste....

WRAP: defines food waste as all food and drink discarded
throughout the entire food chain.

Food waste is a part of , which includes the
biodegradable garden and park waste, food and kitchen
waste from households, restaurants, caterers and retall
premises, and comparable waste from food processing
plants (Directive 2008/98/EC).

Food waste i1s a part of which
Includes any waste that is capable of undergoing anaerobic
or aerobic decomposition, such as food and garden waste,

and paper and paperboard (Directive 1999/31/EC).



Quantities..

Based on European Commission, 76 kg per capita per year i.e. 208
g/c/d are produced.

In total 40 Mt for the EU-27.

B households

B manufacturing

w food service /catering sectors

B wholesale fretail

As it can be observed Household Food Waste (HFW) constitutes the
highest percentage (42%).



Methodology

Kitchen-waste-diary
5 two-member families:H1, H2, H3, H4 and H5 of Attica Region
28 consecutive days during winter

Preparation of HFW samples
(4 weekly samples for each household)
20 HFW Laboratory samples were prepared

Laboratory Analysis
TS%, VS%, pH, conductivity, TC, TOC,
TN, TKN, NH4, Metals (Cu, Mn, Ni, Cd, Pb, B MP tests
Cr, Zn) and minerals (K, Na, Ca Mg)

Assessment of HFW




Household diary keeping

HMEPA: oo | EBAOMADA: e [ HMEPOMHMNIAL e

DAOYAIA R MEPZIIEYMATA AMO

SEQAOYAIMATA NOY MATEIPEYMENO DATHTO FOOD WASTE

AEN TROTONTAI TAMIZMENA f NOY EXOYN AH=E

Prepared,
served, or Not used in

cooked too time
much

EYNOAD:

Drinks and other special waste including tea bags, espresso capsules, yogurts and blood residues.






Laboratory Analysis - NTUA

TS%: Carbolite AX30 Furnance

VS%: Bl Barnstead/ Thermolyne 1400 Furnace
pH: METTLER TOLEDO MPC227

Conductivity: METTLER TOLEDO MPC227

TOC: Shimadzu TOC-VCSH - Solid Sample
Module SSM 5000A

TN, TKN: Gerhard Kjeldatherm KB / KBL,
Gerhard Vapodest 30s
Metals: cu, mn, Ni, cd, Pb, Cr, zn

Minerals k, Na, camg VARIAN AA240FS
Fast Sequential




ICE-HT
FORTH

BMP Assays ICE = HT FORTH

The assessment on methane generation was based on the results of
batch mesophilic Biochemical Methane Potential assays.

The BMP tests were carried out laboratory of Biochemical Engineering
and Environmental Technology of the Institute of Chemical Engineering
Sciences (ICE-HT/FORTH) in Patras

BMP experiments for all substrates were carried out at the in duplicate
at 35°C according to Owens J.M. and Chynoweth D.P.. Biochemical
methane potential of municipal solid waste (M.
Sci. Technol, 27, 1-14 (1993).

The produced gas composition in methane
was quantified with a gas chromatograph (SRI
8610c MG#1) equipped with a thermal
conductivity detector and a packed column
with helium as carrier gas.




Results and Discussion (l)

Compositional analysis (w/w%) based on diary keeping
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Results and Discussion (ll)

Average composition of all samples (w/w%) based on diary keeping
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Results and Discussion (lll)

Avoidability between different food waste categories
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In total 30% of the waste quantity recorded was avoidable and 70% unavoidable



Results and Discussion (1V)

ICE-HT
FORTH

Percentage of weight per household food waste category

Fruits 51,9% Vegetables 37,7% Bread & bakery | 2,1% Cooked food 4,7%
Oranges 49,9% Potatoes 14,6% Bread 100% Rice 29,8%
Lemons 7,2% Lettuce 13,%% Spaghetti 33,9%
Mandarins 17,3% Onions 12,8% Meat & Fish 3,0% Mashed potatoes 15,5%
Apples 9,3% Cucumbers 9,9% Deli meats 46,5% Fresh Beans 6,1%
Bananas 13,4% Broccoli 7,5% Chicken 24,6% Souvlaki pita 5,2%
Kiwis 0,5% Carrots 7,.6% Fish 18,7% Mixed Salad 6,4%
Strawberries 1,1% Leafy salad 3,5% Meat 1,8% Lentils 3,1%
Pears 1,2% Leeks 2,8% Sausages 8,4%

Cabbages 2,7% Olive 384

Rocket 5alad 4,8% Cheese 71

Parsley 2,8% Eggs 12

Peppers 3,1%

Tomatoes 2,2%

Beans 2,3%

Mushrooms 0,5%

Dill 0,4%




Results and Discussion (V)

ICE-HT
FORTH

Daily per capita HFW production g/c/d
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Results and Discussion (VI)
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(1) The results are calculated in dry matter basis.
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Results and Discussion (VII)
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(1) The results are calculated in dry matter basis.



Results and Discussion (VIII)

akisalh)

FOPANBLYS

ICE-HT

2\
— FORTH
Metals and minerals
Cu Mn Zn K Ma Ca Mg
me/kg me/kg me/kg me/ke me/kg me/ke me/kg
H1iw1 1724125 16.90+2 66 2261+7.14 1947612016 1 088+340 Bo97B+1 188 28181913
H1W2 1421058 18.15+1.72 14 76144 20007 1,783 3. 77612809 F.298+2 420 2. 409+496
H1W3 0.53+0.05 8.48+3 22 20514334 1157343107 3 6095+808 2,859 +507 g07+190
H1W4 3. 55+008 1212+0.02 22 65+3 76 11 894 +5847 4 818+41 3,441 +445 1 66E8+119
H2W1 055+0.16 19 73+0.12 12.11+10.50 87751284 B 556+225 4623 +260 1,707 +43
H2W2 1.25+0.18 14 50037 26.20x8 65 13 290841 768 3,6092+258 3,030+258 1,214+61
H2W3 3604027 17944103 17.289+0.096 14 3404+914 2452475 6,820+250 1431471
H2W4 0.0ex0.07 6. 85+0.34 12 48+11 23 74354502 7.2BE+640 4043 +244 FEE 58
HIW1 0.0 Q721056 16.80+2 44 12, 105879 141379 4 793 +250 1179459
HIW2 0.0 7551000 19.80+2.01 11 6761530 O6li36 4 592+134 QX6 138
HIW3 0.00 6.92+0.37 141241228 1140943 345 835+265 4 Bad4+]1 463 8511244
H3IW4 .06 13.12+2 60 1801+2 26 8476+l 615 6121+1 032 4 330+643 Qgl1+17E
——  HAW1 14 34+1 65 22021143 £3.34+520909 14 762+1,047 41414162 41731231 1,709+114
HAW2 3.38+0 46 14 244066 11.56+411.01 11,023+923 2,025+490 B,167+1 632 1,404+438
HAW3 0.57+0.549 8.06+0.25 14 68+0.64 0491 +406 2,024+04 3,501 +168 7B3 163
HaW4 0.0e+0.11 0.40+1 63 AR 9B+B B 14 57812 581 4 798+212 3 896+3 022 1248 +359
H5W1 J.09+0.12 120341040 0.09+7 .89 12 8344526 6,111+1,135 20011+2575 2,014 +005
H5W2 0.00 G.63+153 8.1+l 68 50424003 4 335+654 1706613 0B8 1,734 +280
H5W'3 3.08+5.33 21 35+4 24 29.12+11 BE 15 882 +453 2 234+8360 36007 +4 716 2 150+864
H5W4 000 25840449 6861504 7,144 4347 2, 1364501 12 25941 240 2,358 +566

(1) The results are calculated in dry matter basis.



Results and Discussion (I1X)

ICE-HT
FORTH

L CHa/kg TS L CHa/kg V5
H1W1 362479 38948 6
H1W2 3674255 4024279
H1W3 413405 442405
H1W4 444+10.1 4904108
H2W1 4594591 4934636
H2W2 445446 8 4804505
H2W3 287+10.6 3082114
H2W4 Cglgtsng) 550164.3
H3W1 Cags+12.D) 283412 8
H3IW2 449421 475425
H3W3 44142 5 466427
H3W4 459417 494418
HAW1 366+1.4 4379+15
HAW2 3044647 325472 4
HAW3 368+19.7 386221.0
HAW4 4424117 4714139
H5W1 408+4 .3 45644 6
H5W2 4334810 460486
H5W3 3344255 3954279
H5W4 386405 410405

BMP assays

265-519LCH/Kg TS

283 - 559 L CH,/Kg VS



ICE-HT
FORTH

Conclusions

‘Fruitt and ‘Vegetable’ waste constitute the main waste

categories of HFW recorded, accounting for almost 90%.
In total 30% of the HFW could have been prevented.
30% of ‘Fruit’ and ‘Vegetable’ waste could have been avoided.

Although variations exist, the average daily per year production
of HFW was slightly higher (96 kg) to the one estimated for the
EU-27 (76kg).

HFW is characterized as having acidic pH values, high VS

content and high TOC content.

Based on the conducted BMP tests, source separated HFW are

great substrates for high methane yields.
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