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Introduction 1 ®

EU Dairy Sector =T

[ Environmental

[ Economic -social \
impacts

values

*110 billion €
*12,000 dairy plants
*300,000 workers
*9.93 million cheese
*181 PDO cheese
*787,500 tons cheese export

R

*(Assolatte, 2014)
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4-109% of total EU impacts?

36-41% of impacts from EU

food consumption®

a(Tukker et al., 2006,
b(Weidema et al., 2008,




Introduction 2 ®

LECA: .Zc{e M Ps0edement | ISO 14040-14044

Extraction Water
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gli?fos

Aging

Life Cycle Life Cycle
Goal and Invent)(’)ry Impact
scope Assessment

LCI LCIA
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Introduction 3

EU-28 2014

Milk: 76,613,000 tons¢

Cheese: 8,858,720 tons¢
- 1° World Cheese Producer (57%)€ - i il

e 3° EU cheese producer: 11%¢“
- 4° World Producer: 6%?¢ -

Netherlands

1 million tons cheese?

50% PDO cheeseP
48 PDO cheese€

rance

Dairy Industry 11% revenue
from Italian food sector? T

il

a(Assolatte, 2015), b(IDF, 2012), <(Mipaaf, 2015), 9(Clal, 2014), ¢(FAOSTAT, 2013)
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Goal and scope ®

Scope:
» Enviromental impacts of Asiago PDO cheese

- Asiago 4° IT PDO cheese ___ 21,458 tons?
- COWIS milk %,g.,iif\.'f-‘,;hj
- North East Italy

» LCA from cradle to dairy plant gate

rFa » 34 Dairy farms analyzed
> 3 > 1 Dairy plant (Soligo Dairy Cooperative)

» 2013: annual data collection

 Focusing on Dairy Plant emissions

@ - Allocation scenario analysis
ASTAGO

d(Clal, 2014)
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LC Inventory 1
...From farm gate to plant gate

/Started coltures)
Pelure

Seed QOil
Lysozyme
Casein Plate

Cleaning agents

\Rennet

[Raw miIk]Q& -y

1 Kg
At plant
gate
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Refrigerant gas
\ d d

®
= Land Natural gas
Water Diesel
Lubricant oil B iy

=

Plastic packaging
Paper packaging
Wood pallets 7

'..ig'_ - Plastic _.

o Wastes79o

\Pallets Wate)r
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LC Inventory 2 ®

Economic revenueb:

Allocation

Milk solids?: raw milk

1 Kg
At plant gate

a(Kim et al., 2013)
b(Berlin, 2002)

Plant information?: other cheese ingredients

plant material flows and waste

@ther chees
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LC Impact Assessment @

“Farm Gate to Plant Gate”

B Raw milk transportll Manufacturinng Packaging B Waste management
100%

80%

60%

40%

20%

0%
CC oD TA FE TO POF LO CED

-20% f
v"  Manufacturing » 35-99% contribution‘

-40%
CC: Climate Change - OD: Ozone Depletion - TA: Terrestrial Acidification - FE: Freshwater Eutrophication
TO: Toxicity (human-terrestrial-acquatic) - POF: Photochemical Oxidant Formation - LO: Land Occupation
(agricultural-urban) - WD: Water Depletion - CED: Cumulative Energy Demand (nonrenewable-renewable)
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Interpretation 1
Main Plant Emissions drivers

B Raw milk transport|® Manufacturing|@ Packaging B Waste management

100%

80% -

60% -

40% -

20% -

0% -

-20%

_400 / ___|Electricity
/ﬁaa/nufacturin
Refrigerant gas Plant process water

CC: Climate Change - OD: Ozone Depletion - TA: Terrestrial Acidification - FE: Freshwater Eutrophication
TO: Toxicity (human-terrestrial-acquatic) - POF: Photochemical Oxidant Formation - LO: Land Occupation
(agricultural-urban) - WD: Water Depletion - CED: Cumulative Energy Demand (nonrenewable-renewable)
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Interpretation 2

kg CO.eq Farm gate to_plant gat_e_ AIIoca_tion
kg Asiago [ll Economic vs Milk Solids &

100 -

80 -

60 -

%
40 -

20 -

= CC

D TA FE TO POF LO WD CED
- - Other Liquid
[ n o
E: 1.33 to MS: 0.87 /o EmiIss AsSiago  (peece Whey
CC: Climate Change - OD: Ozone Depletion - TA: Terrestrial Acidification Econom 1C 67 31 2
FE: Freshwater Eutrophication - TO: Toxicity (human-terrestrial-acquatic) A 5
POF:rPhoachermiLcl:arl Ox:darllt Formationx—I Ilg Laund Occur;:atig:'\(agriclilltLIlral—urban) M Ilk SOI |dS 43 16 41

WD: Water Depletion - CED: Cumulative Energy Demand (nonrenewable-renewable).
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é\ LCA valid tool
Methodology A Final result comparison

I xAllocation

v' Energy sector improvements
v Packaging

Impacts
v Transport

v Whey and wastewater management

» Whole LCA (from cradle to grave)
Future
> LCA on PDO cheese: Added value
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10 - A. Dalla Riva et al. LCA As:ago PDO Cheese
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Toffanin, Martina Isaia, Paolo Gottardo, Alba Sturaro.

Local dairy farmers and Soligo Cooperative Dairy Factory.
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System boundaries and inventory

Gate to Grave

Boundary \

Cheese
- Consumption
- - - ~ ~—— Packagin - ~ — g
sFertilizer B eIngredients ( §ing eElectricity . End-of-Life
*Water eManure *Electricity, Fuel *Paper, plastics *Refrigerants *Electricity
*Fuel Management *Chemicals Corrugated boxes | *Solid waste
1 *Diesel *Water, ... ePallets
L Feed [eEmahy , | Cheese ) -
Production Processing '
Cradle to Grave / Sweet Whey
Boundary
- — ~ ~— Packaging - _ ~— Final Use
sElectricity *Not included in |
/ *Fuel . *Paper, Plastics model | eNot included in
Gate to Consumer *Ingredients sCorrugated boxes model
Boundary ‘Water, ... oPallets
Whey d C Retail/ L
| Processing Customer
Whey
Fig. 1 Flow diagram depicting cheese and whey unit processes/operations, applicable to both cheddar and mozzarella processes. Note that the
curved arrows represent a transport operation Kim et al.. 2013
—
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Different allocation methods

Cheese

®m Protein
m Fat
m Mass

® Economic
m Milk solids

Butter

Milk

0 10 20 30 40 50 60
% GHG to Milk

(Feitz et al., 2007)
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*» Dairy Products

Climate Change 0 Consumer

% CO, eq >-7 %
B Retail
6-8 %
- B Transport/Distrib
S o 3-8 %
2 § @ Packaging
= > 1-3 %
g g B Processing
|5 = 6-14 %
=5 = ® Milk prod.
44-53 %
| B Feed prod.
— , sy “ & . 19-24%
Fluid Milk Cheese Mozzarella
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10 - A. Dalla Riva et al. From Cradle to Dairy
LCA Asiago PDO Cheese Plant gate
Impact .
categories

[ kg CO, eq 10.14 9.68 1.33 0.87

kg CFC-11 eq 5.75E-06 3.80E-06 5.34E-06 3.39E-06

.Y kg SO, eq 0.07  6.75E-02 4.25E-03 2.83E-03
FE [CEX 8.13E-04 8.00E-04 3.57E-05 2.28E-05

TO kg 1,4-DBeq 0.54 0.53 0.08 0.06

kg NMVOC 2.12E-02 2.05E-02 2.69E-03 1.91E-03

LO m2a 8.09 8.07 0.07 0.05
2.35E+00 2.34 0.02 0.01

EE_MJ 70.23 63.34 20.00 13.11

EM= Economic Alloc, MS= Milk Solids Alloc, CC: Climate Change, OD: Ozone Depletion, TA: Terrestrial Acidification,
FE: Freshwater Eutrophication, TO: Toxicity (sum of human-terrestrial-freshwater-marine toxicity),

POF: Photochemical Oxidant Formation, LO: Land Occupation (sum of agricultural and urban), WD: Water Depletion,
CED: Cumulative Energy Demand (sum of nonrenewable fossil-nuclear-biomass and renewable biomass-wind-solar-
geothermal-water).
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“Cradle to Plant Gate”

| B Farm | B Raw milk transport

O Packaging B Waste management
100%

B Manufacturing

80%

0w | ¥ Farm > 72-99% contribution

2 I I I I I I I I
- I I I I I I I I

CC OD TA FE TO POF LO WD CED

CC: Climate Change - OD: Ozone Depletion - TA: Terrestrial Acidification - FE: Freshwater Eutrophication
TO: Toxicity (human-terrestrial-acquatic) - POF: Photochemical Oxidant Formation - LO: Land Occupation
(agricultural-urban) - WD: Water Depletion - CED: Cumulative Energy Demand (nonrenewable-renewable)
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