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Adding value to side flows from food processing

FOOD USE HIERARCHY

Safe and nutritious food available for
human consumption

. Prevention and reduction of
Prevention surplus food at source

- Redistribution and reprocessing of
Redistribution surplus food for human consumption

Use for animal feed

Recycling and recovery:

- compost, pet food, biomaterial and other industrial uses
- energy production: biogas, biofuel, incineration incl. energy recovery

Least preferable way

Disposal Disposal
+ Waste sent to landfill

« Product going to sewer

« Waste incineration without energy recovery

REFRESH 2019
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Apple pomace from juice and cider production

0, 7 million tonnes AP in EU

1 kg apple:

0,7 kg juice
0,3 kg pomace
and sludge

Landspread?

A
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How does the current handling compare to
other options?

® Environmental impacts

® Costs
® Market
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Scirence hosed

In REFRESH we have createdx“c/ool for
practitioners to help out: FORKLIFT
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FORKLIFT spreadsheet tools

® FORKLIFT (FOod side flow Recovery LIFe cycle Tool) aims at
providing stakeholders with a hands-on tool helping to gain a
general understanding and highlight the environmental impacts
and costs for selected valorisation routes, focusing on selected

parameters.

® Food side-flows covered in the tool: Rg ','_,,,
¢ Apple pomace 11 ¥
¢ Blood from slaughtering =
¢ Brewers’ spent grain 1| e
<& Tomato p omace o f, ”““‘“ e ot Akt s
¢ Whey permeate Hl— 2 =8 e
¥ Rapeseed press cake U
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FORKLIFT uses a Life Cycle Approach

Agriculture
Waste e

handling

LCA: environmental
impacts from cradle
to grave

Food
Industry

E-LCC: all costs (real
money flows)
associated with the
life cycle of a
product

i Transport
Retail
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How does FORKLIFT work?

® Models processing options, GHG and generic
costs for one tonne of a side flow.

® Actual costs on labour and equipment can be
added

® Background data, GHG and costs, for energy,
transports, processing are included for various
countries and can be modified.

® The impacts are split between main product and
side-flow based upon the value (economic
allocation).

® Compares the results from the model (GHG and
costs) with similar products on the market
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. Main page
efrash CORKUIET

Apple pomace side flow

|

Back to About the tool |

Back to Instructions

Apple pomace (AP) is a significant side flow from apple industry. AP originates from the apple juice processing step in the production of fresh and
concentrated apple juice, and cider (apple syrup or spirits). The world market of apples are 70 million tonnes and the EU market is 12 million tonnes,
which means that about 0.5 million tonnes of AP is available for valorisation in EU.

Apple pomace is rich in carbohydrates and vital nutrients and as such can serve as a source for raw material for bio production of various valuable
compounds. The figure below illustrates the four valorisation options covered in the tool.

The model covers from cradle to factory gate/ grave of the valorised/recovered side flow.

The background documentation on each case is provided in the supporting document: Valorisation spreadsheet tools.

Choose valorisation route:

Anaerobic Land
digestion

Pectin
Disposal/ valorisation production

Residue Electricity Digestate

New products

Default cost information from 2015-2018 period used

[

View and modify energy cost data Reset to original information
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Production of heat and electricity with anaerobic digestion

Retum o Maln Fage

Schematic of valarisation route

ir Production and A
trarspart of applesta |

| juice plant I

- - = -

1 tanne

apple

nomase

Field application
{inc. direct & indirect
My eamissiore]

Combined heat
and power plant

60kWh  120KWh
alectricity heat

Inputs

1. Market value of the side flow (/] 2. Choose country [4]

[ELEuann.auﬂas&_l

3. Energy costs only? [/

Labiour, capital and disposal costs are NOT added

Aod additiona) coshs

‘what iz the revenue for the zide low?
00 [[Monne side Flow]

j= the relative revenue For the side low? [£]
00 A=
|

Change details Here you zan view and change the parameters with largest effect on the results. Checky amend detalled iformation

The figure above illustrates the processes that are taken into sccount in the
calculation of GHG emissions and costs for using the apple pomace to produce
biogas. The environmental impact and cast fram the ppstream processes ane
mncludad if the apple pamace carries an sconamic value (therafore in dotted line).
An average value of production and transport of apples to a juice producer has bean
assumed (0.33 kg D0qeq.f kg apples).

The pomiace i transported to the AD plant by truck.

Results
tonne of apple pomace results in 260 kwh electricity and 129 kwh heat

The graphs illuztrate:

Production of 260 k'wh electricity and 1249 k'wh heat with anaerobic digestion compared to production of heat and electricity by ather means.
The comparison is made for several combinations of heat and electricity production.
Fleaze niote that only the bars to the left in each graph reprezent anaerobic digestion.

Eave this scanario
Sivcow e 8o i Toe

Costs GHG emissions
35 1)
10 260
140
25
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] i
g g
& 15 -
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a — a
Anserobic dpedion  Beeriely g for iy th e men Eleciriehy and hist, Elecisieby and hist, Ansirobie dgdisn  Bacwricy (g bor LT Bacrichy andhas, Bacsoty dod bin
chiiesunry) ind dedricity ind moed ELY v e EL i i - el eheweneaimtry) ind dieri ey mdwoad B wensag s U i il -
BL g it ehips et praduetisn and B g hisat ehip hisit produetnn and

appleation of mineral applcanion ol
BaralEar e Mt i

-

Labuar and wapilal nnnla banr

HOT brraadded

Apple raw material:

0.33 kg CO2 eq/ kg apples 24 kg CO2 eq/ day
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Detailed results in FORKLIFT

Detailed results

<efresh

An ae rObiC d ig estion Te Overview Page for Anaerobic digestion
Costs GHG emissions
14 30
[
12 // a0 7
10 * \3
1 tonne of apple pomace results in 260 kWh electricity and 129 kWh heat 0
o 02 g
g %
The graphs illustrate: s G o
Production of 260 kWh electricity and 0e 2
129 kWh heat with anaerobic digestion ' 3
02 20
00
. ; N
W Upstream burden Processing & other
[@Transpaort OLabour and capital costs B Upstream burden B Processing & other  #Transport
Preset information: Change to following information:
Transport of pomace to AD
Type of transport (i) Tractor, single trailer, 50% LF I Jv|
Distance to AD plant (i) 20 [km]

Transport of digestate to the field
Type of transport (i) Tractor, single trailer, 50% LF

Distance to field (i) 20 [km] Reset information |
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GHG emissions from biogas production from 1 tonne of
apple pomace

Estonia Norway
350
300 300
250 250
g oy
Y 200 9 200
O ™~
o 150 8
2 2 150
X
100 100
i B
0 0
Anaerohic digestion  Electricity (avg for Hydropower Electricity and heat, Electricity and he Anaerobic digestion  Electricity (avg for
chosen country) and  electricity and wood EU average EU average - inc chosen country) and ¢
EU avg heat chips heat production anc EU avg heat

application of min

P ] L
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Costs for biogas production

60
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EURO
(U5)
=1
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Anaerobic digestion  Electricity (avg for Hydropower Electricity and heat, Electricity and heat,
chosen country) and  electricity and wood EU average EU average - incl.
EU avg heat chips heat production and
application of miner
EU fertiliser
Costs for energy,
transports,
processing
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Added costs: 1 person hour/tonne AP

Anaerobic digestion  aerobic digestion  Electricity (avg for Anzerobic digestion  Electricity (avg fo
chosen country) anc chosen country) a
EU avg heat Elavg heat

EU Estonia Norway
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® Side-flow management

= Comparison products

= Net impacts
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heat heat + heat
fertilizer
Anaerobic digestion with CHP Disposal
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Concluding remarks and recommendations

Any intervention should be assessed from an environmental
perspective as well as an economic perspective and address the
low hanging fruits first.

® Food use hierarchy a good way of understanding roughly
how to think

® FORKLIFT is good starting points for understanding the
process in its context and a first step for making informed
decision on how to improve

® For decisions on investments and communication full LCAs
and LCC should be performed.

The impact of market and infrastructure as well as the context
for an intervention /valorisation option should be considered.
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Thank you for your attention!

Questions? -
4 i
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