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Outline

e The chains considered

e Life cycle assessment (LCA) Results
* Animal feed ingredient production
* Animal feed production

e Life cycle costing (LCC) Results
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Circular
Economy

Food Industry Bio-products
Optimization, Testing & Validation
High value secondary feedstuff

Three value chains
Food Industry By-products
Production of high-value secondary feedstuff for animals
from waste grape stems, and waste
olive cake as a sustainable option

Grape stems Orange peels Olive cake
from from orange juice from olive oil

wineries Industries Industry

{ st | [ nd . R
"'“ 1 2 Optimize and scale up

New feed three new New feed

ek W TR % ingredients feed ingredients ingredients

Grape stem from wineries as @ Orange peel from orange o E Al

i e p Ry £ b 3 for ruminants for poultry

second-generation feedstuffto juice industry to producesan oduce an TSR 8 it el ehitkaria)
produce a new feedingretient improved feed ingfSeient ingredient b _

for ruminants (dairy sheep and

for ruminants (dairy sheep)
cattle), AZTI / Spain ;

NTUA / Greece.

for poultry (broiler chicken)
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Two main components:

The environmental
impacts of turning wastes

The life cycle costing of
turning wastes into high-

into high-value secondary
feedstuff for animals were
quantified through LCA

value secondary feedstuff
for animals were

quantified through LCC
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LCA Results for Animal Feed Ingredient
Production
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Grape Stem Study - Approach
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OPTION 1

Comparison
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Animal Feed Production

Electricity
Heat
Other feed <€
ingredients

Grape Stem - Stage 2
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Other
Orange Peel Study - Approach i
W
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E Ingredient w/ EJ-' Feed with Hyrolyzed
OPTION 1 < Hydrolysis < oP Data from
‘- v vy - For dairy sheep Pilot Plant
& F: . E‘:% J

Comparison

i Production of OP Feed 1 e~ Production Animal
ﬁ Ingredient w/o E Feed with Non-

< Hydrolysis <t hydrolyzed oP
o &

- For dairy sheep

Data from
Pilot Plant

Comparison

|Ii||| o
[
LA

Other

Ingredients

L N

Disposal of OP Production of Conventional
Scenario 1 Incineration Animal Feed Data from
ScenarioZ Composting <= . For dairy sheep Databases
BUSINESS-AS-USUAL Scenario3  Landfill
L A )
A

Ingredients



N

newfeed

FEED FROM FOOD INDUSTRY
BY-PRODUCTS

Hydrolyzed Feed Ingredient

Electricity
Natural gas
S. Cerevisia |

Natural Gas (NH,4),50,

issi Electrici Hydrolysate MgS0,
Enzyme Emissions ty ydroly Oxygen

w/

lorries

w/

lorries

Wastewater
Air emissions

Emissions

Electricity KH,PO, |

[

i o

| Emissions
!

i

i

Transport of the
Orange Feedock to the
Peels Plant

Solid-Liquid
Separation

Transport to Feed
Producer

Ingredient i : i
g w/ E Emissi PP Bigbags | Waste PP | Electricity il vocC fl . W
lorries ; missions Electricity E Big bags ! H ; Steam ectricity astewater
_____________ d ! ; i
Transport i Transport
Transport w/3.57.5 PP Bigbags | w/ 32-
w/ 32-tonne tonne Electricity Electricity ! tonne
lorry ; ! .
lorries i lorries

Transport of the
Feed stock to
Plant

1
Transport to Feed
Feed Producer gredient

Internal
Transport

Orange Peel - Stage 1

Waste PP
Big bags

Emissions

Emissions

PRIMA

= N THE MEDITERRANEAN AREA




N

newfeed

e Animal Feed Production
Electricity

Other feed ingredients

' Heat

Animal Feed Animal
Preparation Feed

Orange Peel - Stage 2
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Olive Cake - Approach

BUSINESS-AS-USUAL

STAGE 1

= Production of OC Feed
Ingredient w/ S5F

PRIMA

3 IN THE MEDITERRANEAN AREA

Other
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LCA Results for Animal Feed Ingredient Production
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Grape Stem Orange Peel Olive Paste
4,5 4,5 4,5
4,0 4,0 - 4,0
3,5 Greater impacts with 35 1 Greater impacts with 3,5
30 hydrolyzed GS 30 - hydrolyzed OP 3.0
2,5 N 2,5
. 2,0 - ) 2,0 - . 2,0
15 L5 1,5
1,0 - 1,0 1,0
0,5 - l 05 - - 0,5 .
0,0 N | 0,0 0.0
GS Feed Ingredient- GS Feed Ingredient- OC Feed Ingredient

Hydrolyzed Nonhydrolyzed

w Resources m Ecosystems m Human health
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LCA Results for Animal Feed Ingredient Production- Process Contributions
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LCA Results for Animal Feed Preparation
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Contro
Ingredient 1

Control
kg/ton b

kg/ton

Ingredient

Ingredient Control

OC w/out
suppl.kg/ton

Control
kg/ton

OC w/suppl.

Ingredient B ion

kg/ton

Maize

342 370 ]
Barley 50 190 Corn grain 300 300 Yellow Corn 503.5 417 417
: SoybeanMeal 251 287 i
grain Barley grain 200 200 Soybean 420 410 410
Oat 530 240 Palm Kernel Meal
ats 150 80 Wheat bran 200 120 .
Meal Sovt o o Soybean Oil 36.5 34.5 34.5
Mai 1 1 oybean
alze e ol Wheat L4 20 me};l Ca Carbonate 13 13 13
DDG 0 50 Middl o
: Sunflower 150 120 Ca Dibasic 16 15 L5
Rapeseed 210 160 Rapeseed M. 20 30 meal Phosphate
hilezl Sunflower Limestone 5 5 Salt 3 3 3
11 10 Premix 3 3 3
Re;peseed 50 50 Meal Monocalcium 5 5 DL
ol -
Fat Salts 29 29 DUOEPIET Methionine 23 2 2
Molasses 30 30 Salt 5 5 Lvsi
Molasses 20 20 ysine 1.5 1.5 1.5
Vit. & 30 30 CaCO3 17 17 Vitamin & 25 25 Toxenil 1 1 1
mineral mineral OC feed 0 100 100
NaHCO3 11 11 premix . ce
GS feed 0 100 NaC' ingredient
ingredient .a ' 2 2 i(l)lgrfee;?ent 0 1o Suppl.(Yeast
Vit&Mineral 3 3 &Herbs) 0 50 0
GS feed 100
Dairy Sheep- GS el Dairy Sheep- OP Poultry- OC

Dairy Cattle- GS
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Impacts of Animal Feed Production 6
compared to Conventional Feeds

U
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= ———— ’ e — ——
- __Hydrolyzed  Non-hydrolyzed ~ Control  Hydrolyzed Non-hydrolyzed  Control = - [
1.0 > c 6,
Dairy Cow Dairy Sheep g o 5
T o
-
B Global warming M Stratospheric ozone depletion T 2 3,
H |onizing radiation Ozone formation, Human health g 3 )
m Fine particulate matter formation m Ozone formation, Terrestrial ecosystems o= ’
B Terrestrial acidification W Freshwater eutrophication < 1,
B Marine eutrophication M Terrestrial ecotoxicity 0 re— [— —
m Freshwater ecotoxicity m Marine ecotoxicity ! I I I
B Human carcinogenic toxicity B Human non-carcinogenic toxicity -1, OC-based AF wW/0 OC-based AF W/ Controt AF
® Land use Mineral resource scarcity
W Fossil resource scarcity m Water consumption Supplements supplements

No remarkable difference!
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Impacts of Animal Feed Production- Contribution by Value Chains
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4,5

3,5

2,5

1,5

0,5

non-hydrolyzed hydrolyzed

Dairy cow

non-hydrolyzed hydrolyzed

Dairy sheep

Orange Peel

others 0C

Olive Cake

others 0C

w/out supplement

® Global warming

® lonizing radiation

m Fine particulate matter formation
W Terrestrial acidification

B Marine eutrophication

m Freshwater ecotoxicity

B Human carcinogenic toxicity

H Land use

m Fossil resource scarcity

w/supplement

W Stratospheric ozone depletion
Ozone formation, Human health

m Ozone formation, Terrestrial ecosystems

M Freshwater eutrophication

W Terrestrial ecotoxicity

m Marine ecotoxicity

B Human non-carcinogenic toxicity
Mineral resource scarcity

m Water consumption

Negligable effects of value chains!
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Comparison with current situation Orange Peel
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N 80 & 30
* 60
20
40
10
20
0 0
Nonhydrolyzed Hydrolyzed GS- Conventional  Conventional  Conventional -10 7OPHA3Lr:|aIZZzed ?‘z:}? n;r::\)llee:;:I CE;;Z?ﬁlmth Ccl:)::}en;s\g:h lc: 0:
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& 30 40 -
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0
0 -

Nonhydrolyzed Hydrolyzed GS- Conventional  Conventional  Conventional
GS-based AF based AF AF+Landfilling AF+Composting AF+Incineration OC—basedAF OC—basedAF CurrentW|th CurrentW|th Current with

w/ Landfilling  Composting Incineration
supplements

w Resources m Ecosystems m Human health

» Smaller burden than the current situation with control feed + composting & landfilling, but higher than + incineration
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Life Cycle Costing

* [SO 15686-5:2017

* Life Cycle Cost (LCC): the total cost or cash flow incurred over the
entire life cycle or selected stages for products, services, or assets

under analysis.

 LCC considers;
* financial costs (CAPEX and OPEX)

 environmental costs (economic loss of well-being (e.g., human health and
biodiversity) due to an impact as well as the mitigation cost of any necessary
intervention)

* Benefits (revenues to be obtained from selling of the feed ingredients)
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Net Costs and Cost Effectiveness for a GS-based Feed Ingredient
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Production Plant with a Capacity of 1000 kg/d (Project life span: 20 years)

Non-hydrolyzed Hydrolyzed GS-

COST ITEMS GS-based feed based feed
ingredient ingredient
REVENUES
PV, € 560,157 588,165
€/kg of feed ingredient sold 0.31 0.33
CAPEX
PV 157,295 209,297
€/kg of feed ingredient produced 0.09 0.12
OPEX
PV, € 277,932 367,536
€/kg of feed ingredient produced 0.15 0.20
ENVIRONMENTAL COST
Cost, EUR2015 18,164 89,569
€/kg of feed ingredient produced 0.01 0.05
TOTAL COST (PV), € 453,391 666,402
TOTAL ANNUAL COST (PV), € 22,670 33,320
Total Cost (PV), €/kg of feed ingredient produced 0.25 0.37
NET TOTAL COST (NPV), €

Cost effectiveness (€/kg of feed ingredient produced)

Cost (€/kg of GS processed)
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LCC of Current Disposal Options

Cost Item Incineration @ Composting Landfilling
CAPEX

PV, €/ kg 0.587 0.098 0.204
OPEX

PV, €/kg 0.023 0.006 0.007
ENVIRONMENTAL COST

Cost, EUR2015 per kg food waste -0.387 0.731 0.194
TOTAL COST, €/kg of food waste 0.223 0.835 0.405
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Overall LCC Findings
Value Chains EoL
. G5 . OP feed ingredient |, OC fe.ed Incineration | Composting | Landfill
Feed ingredient ingredient
Non- Non- Solid-state
hydrolyzed Hydrolyzed hydrolyzed Hydrolyzed Fermented

€/kg of feed ingredient | -0.059 0.043 0.09 1.40 0.25 - - -
€per kg offood waste | g 659 | g.012 0.01 0.15 0.10 - - -
processed
€ per kg of food waste - - - - - 0.223 0.835 | 0.405
disposed
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Conclusions
Feed Ingredient Animal Feed
* Hydrolyzed GS and OP has a remarkably ¢ When integrated into the animal feed this
higher impact than nonhydrolyzed ones. remarkable difference almost disappears,

« NaOH consumption in GS, Enzyme use in with sensitivities to NaOH, Enzyme and

OP, Fodder yeast use in OC case plays a gﬁggﬁg&gm consumption almost
critical role 1n the proposed valorization ' o .
processes. * The proposed valorization process is

e Li : supertor to the disposal scenarios of
Lo i o Y sl peneall Sopostngand andtng. hovgh not or

e All three value chains resulted in lower environmental impacts than
conventional waste disposal options.
e All three value chains are cost effective!

All three valorization chains are sustainable options for the

livestock sector...
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