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Waste valorization for animal feed production

» Need for sustainable development in terms of the safe reuse of waste biomass.

»Production of high-value secondary feedstuff for dairy sheep from
has been suggested? as a sustainable option:

Orange Peels

S. Cerevisiae

Optimisation of

Saccharification
Optimisation of

Hydrolysate | ;o obic cultivation
Solid- Liquid
Separation
Excess Yeast
Enzymes
Hydrolysed Solid Animal Feed

1 Andrianou, C.; Passadis, K.; Malamis, D.; Moustakas, K.; Mai, S.; Barampouti, E.M. Upcycled Animal Feed: Sustainable Solution to Orange PeelsWaste. Sustainability, 2023,15(3), 2033.



The environmental benefits and impacts of this valorization
strategy?

» The environmental impacts of turning waste orange peels into high-
value secondary feedstuff for dairy sheep were quantified through LCA



Impact categories

Life Cycle Assessment

Midpoint Endpoint

Global warming Human Health
Functional Unit: 1 ton of animal feed produced  REEEUCIEZEIEC UL DA yS
lonizing radiation Resources
System Boundary: Cradle to Grave Ozone formation, Human health
) Fine particulate matter formation
Inputs: Pilot plant data Ozone formation, Terrestrial
) ecosystems

Freshwater eutrophication
Marine eutrophication
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

Human carcinogenic toxicity
Human non-carcinogenic toxicity
Land use

Mineral resource scarcity
Fossil resource scarcity
Water consumption

Database: Ecoinvent 3.7 (primarily)
Impact Analysis Method: Recipe 2016 (H) m—)p




System Approach
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Feed Ingredient Production - Process Flow
Hydrolyzed

Transport
Fermentation Packaging to Feed
Producer

Transport Internal Saccharif- Solid-Liquid

to Plant Transport Hydrolysis Separ.

Unhydrolyzed

Transport
Packaging to Feed
Producer

Transport Internal

to Plant Transport




LCA Results for Animal Feed Ingredient
Production



LCA Results for Animal Feed Ingredient Production

ReCiPe
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LCA Results for Animal Feed Ingredient Production
ReCiPe Endpoint
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Contribution by Enzyme is 64.3%!

Tp
OP Feed
Ingredient
hydralysed

100 %
f 1

Tp 1p
Drying-0OP Packaging-OP-hy
drolyzed

1p Tp 1p
Transport to the Saccarification-hy Fermentation-yea
plant-COP drolysis-0P t production-0P

571 % 66 % 17.1% 3.08 % 543 %

26.7kg J 1.32E3 kg 0 kg ] 110 kg

680 kg 1.41E3 kg
Transport to the Hydrolysed feed Yeast production Liquid phase Dried ingredient Feed ingredient
plant stock bioreactor hydrolyzed packed
5.71 % 66 % 8.56 % 8.56 % 3.08 % L 5.43 %
I i ] i
1 I
74 thrn 4,24 kg 2.25kg 151 MJ 0.5 kg
Transport, freight, Enzymes {GLO} Ammonium Electricity, Big bag
larry »32 metric market for sulfate {RER}| medium voltage production
ton, eurct {RER}| enzymes | Conseq, market for {RER}| market
6.63 % 643 % 3.96 % 14.2 % 342 %




LCA Results for Animal Feed Preparation



Animal Feed Diet for Dairy Sheep

Ingredient Control (kg/ton) w/ Orange peel w/ Orange peel
hydrolyzed (kg/ton) | unhydrolyzed (kg/ton)

Corn grain 300 300 300
Barley grain 200 200 200
| Wheat bran 200 120 120 ]
Soybean meal 110 110 110
[Sunflower meal 150 120 120 ]
Limestone 5 5 5
Monocalcium phosphate 5 5 5
Salt 5 5 5
Vitamin & mineral premix 25 25 25

Orange peel based feed 0 110 110
ingredient
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LCA Results for Animal Feed Preparation
ReCiPe Midpoint
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Unhydrolyzed feed stock

M Heat

M Electricity

<HMOP Feed Ingredient unhydrolysesd

Sweet corn

Mineral supplement
H Triple superphosphate
M Limestone
B Sunflower silage
W Salt
m Soybean meal
H Wheat bran

Barley grain

GW Global warming

SOD Stratospheric ozone depletion

IR lonizing radiation

OF-HH | Ozone formation, Human health

EPE Fine pqrticulate matter
formation

OF-TE eoczgsr;itf:r;r?ation, Terrestrial

TA Terrestrial acidification

FE Freshwater eutrophication

ME Marine eutrophication

TE Terrestrial ecotoxicity

FET Freshwater ecotoxicity

MET Marine ecotoxicity

HCT Human carcinogenic toxicity

HNCT |Human non-carcinogenic toxicity

LU Land use

MRS Mineral resource scarcity

FRS Fossil resource scarcity

WC Water consumption
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LCA Results for Animal Feed Preparation

ReCiPe Midpoint
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Normalized Impacts: Animal Feed Preparation
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Animal Feed: with Hydrolyzed vs Unhydrolyzed Feed

Ingredient

ReCiPe Endpoint
40

35 -
30 -
25 -
a 20 -
15 -
10

5

0 - |
OP based animal feed = OP based animal feed-

hydrolysed unhydrolyzed

No remarkable difference!

W Resources W Ecosystems B Human health



Comparison with Current Situation

* Conventional feed for dairy

sheep

Ingredient

Corn grain

Barley grain

Wheat bran

Soybean meal
Sunflower meal
Limestone

Monocalcium phosphate
Salt

Vitamin & mineral premix

Kg/ton feed

300
200
200
110
150
5
5
5
25

* Possible waste disposal
scenarios

* Waste Treatment, composting of food
waste, EU27

* Waste Treatment, Incineration of waste,
food, EU27

* Waste Treatment, Landfill of waste, food,
EU27



Comparison with Current Situation

M Resources
B Ecosystems

B Human health

Pt
w
o
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0 w w
IOP based feed OP based feqd Current Current
| hydrolyzed unhydrolyz:li w/landfilling w/composting w/i

Scenario

» No remarkable difference between hydrolyzed and unhydrolyzed OP based feed animal

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



Conclusions

« Hydrolyzed orange peel has a remarkably higher impact (80%) than unhydrolyzed
one.

* Enzyme consumption plays a critical role in the proposed valorization process and
may require the optimization of enzyme use.

However,

« When integrated into the animal feed this remarkable difference decreased
remarkably (8% only)

 Comparison to the current situation revealed that the proposed valorization
process is superior for the disposal scenario of composting (45%) and landfilling
(50%), though not for incineration (-7%).

So, the proposed valorization process offers a good sustainable option for the
livestock sector.
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Thank You for listening,..
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