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A LCA study: Development of an LCA study when determining the goal and
scope of the study, inventory of related data, assessment of environmental
impacts, and interpretation of results in accordance with ISO 14040 and
14044.

A Water footprint: Calculation ofthe water footprint according to ISO 14046.

A Carbon footprint: Quantification of the carbon footprint of the product
according to ISO 14067 and the carbon footprint of the organization
according to ISO 14064.

A Ecodesign: Evaluation of sustainability and environmental design based on
the LCA study and requirements of ISO 14045.

A Critical review for Lice Cycle Assessment (LCA) in accordance with ISO
14071.
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AExamples of LCA application
A Cup plant (Perennial cropping)

A Circular feed in aquaponics and carp ponds

A Starch potatoes with nutrient recovery
from process water

A Indoor hemp production

A Optimisation of nitrogen fertilisation in
wheat systems under Pannonian conditions

A Paddy rice
A Environmental footprint of pet animals

Ve

A ...

A From Cradle to Farm gate
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Cup-plant silage can replace at least
30% of the conventional silage in the
ration without sacrificing dairy cow
@| mputs: Energy carries performance (Albrecht el al., 2017).
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APerennial cropping system - how?

AYield level (10 years of cultivation)

AHeavy metals (input x output) - farm level (SALCA)

AField emission and perennial cropping system
- AManure via WFLDB

ASimaPro Craft - calculators based on WFLDB
ADatabase combination
ASequestration in SimaPro

Alternative for silagemaize

Inventory is stopped at storage. Spreading impacts are allocated to the user of the manure.
~ " Emissions of CH4, N20 (direct and indirect) and NH3 to air. Emission of nitrate to groundwater.
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AProcesses level in SimaPro Craft

= Minerals
Goal and scope i Filter on Oand Oor
Description = Others —
Libraries Adapted from Ecoinvent cut-off U Name
| tory Adapted from WFLDB Ammonia NH3
= Bernas_Jaroslav Carbon dioxide from limestone CO2

Processes AGROCHEMIKALIE_MZE Dinitrogen monoxide N20
Product stages Alfalfa Field_emission_CO2_urea
System descriptions Aquaponie Field_emission_CO2_vapno_dolomit
Waste types AVIRE obal Field_emission_N20_direct

P VIRE_obaly Field_emission_N20_indirect
Parameters biochar Land occupation annual crop
Impact assessment BOKU Land occupation permanent crop
Methods CRO CB Land use change annual crop

- ilohi i Land use change perennial cro
Calculation setups Cup plant_sllphlum perfoliatum Nt MO ge p p
. Cup plant silage ate

Interpretation CZU spolupréice Nitrogen dioxide NO2
Interpretation Emmanuel Nitrogen Oxides NOx

Document Links
General data

ENERGIE CZ

B FIELD EMISSION

Literature references
Substances
Units

Quantities

Direct emissions from crop and animal production_Nemecek2019
= Direct field emissions_Nemecek_2007

1_Emissions of Ammonia to the Air

2_Nitrate Leaching to Ground Water

3_Emissions of Nitrous Oxide (N20) to the Air

4_Emissions of NOx to the Air

Emissions of Phosphorus to the Water

Release of Fossil CO2 after Urea Applications

N2 - fixation of legumes

Phosphate PO43-
Phosphorus P
Water consumpiton

4 |

& FIELD EMISSION
= Direct emissions from crop and animal production_Nemecek2019

1T_Ammonia (NH3)

2_Nitrogen oxides (NOx, NO, NO2)
3_Nitrate (NO3-) leaching to ground water
4 Nitrous oxide (N20)

Heavy metals emissions to agricultural soil and water

# Direct field emissions_Nemecek_2007
N2 - fixation of legumes




Documentation | Input/output : Parameters l System description |

3.9.7.2 The SQCB-NOs model WF L D B
Input parameter Value DistribL SD2 or 2SD Min Max Hide Comment s . S )
. ‘ ‘ eographic scope of application: Non-European countries.
P J 0 Undef.. | | 1 r P = precipitation + irrigation [mm/year] The SQCB-NOs model is reported in Faist Emmenegger et al. (2009) and is an adaption of a formula
C 20 Undef... | r ¢ = clay content [%)] developed by de Willigen (2000) and used and validated by Roy et al. (2003). The formula calculates
t - the leaching of NOs-N and is a simple regression model| of the form:
L 1.2 Undef...| I | L = rooting depth [m] » B
S 0 Undef... ™ | S = nitrogen supply through fertiliser [kg N/n| & =21.37+ E[ﬂmﬂ *§+0.0000601* Nerg — 000362 * U]
U 0 Undef...| v r |u= nitro‘gen qptake by crop Ikg,,N,/,ha]
Corg 15 Undefi Corg (%) where:
ned More specific values can be used, where avai N = leached NOs-N [kg N/{ha*year)]
~ | converted into mass fraction by the formula: p = precipitation + irrigation [mm/year]
Corg [%] = Corg [t/3009 m3]*(1/1.3tm-3) . - clay content (%]
Carbon content [t C/ha in upper 30cm= t/300 ] - rooting deoth m
Cool temperate dry: 38 t C/ha = rooting dept "
1 1 T " 5 = nitrogen supply through fertiliser [kg N/ha]
Vv 3000 Undefi soil volume V [m3/ha] \ ot ) i« matt N
ned ™ | Vis taken to be 5000 m3, which means that 1 = "_ roEn I organic mater (kg N/hal
1 7 A _ 7 _ | assuming the same carbon content for 30-50 v = nitrogen uptake by crop (kg N/ha]
Db 1300 Undefi r bulk density Db [kg/m3]
ned ‘ Bulk density is taken to be 1300 kg/m3, which ¥ Since the model is applied only to Europe, the Southern hemisphere does not need to be considered. |
CN 1 Undefi C/N ratio rC/N [dimensionless] The C/N ratio =
ned ™ | literature research (Batjes 2008; Scheffer 2002; Eggleston et al. 2006) and consultation of experts (pers. comm. J. Leitfeld,
‘ ‘ Agroscope).
Rnorg 0.85 Undefi ratio of Norg to Ntot (total soil nitrogen) rNorg [dimensionless] The C/N ratio expresses the ratio of Corg and Ntot. The ratio rNorg
ned ™ | is needed calculate Norg from Ntot, which is calculated in a first step applying the C/N ratio. rNorg is assumed to be 0.85 (Scheffer
‘ 2002).
Norg 4520 Undefi zadat udaj z NorgEquation
ned ™ | Celkovy obsah dusiku (Nt) v orniénf vrstvé ptid Ceské republiky se pohybuje vétsinou v rozmezi hodnot 0,1-0,2 %, mize viak kolisat ve
znacném rozmezi (0,03% - 0,5 %). Lze vypocitat, Ze v ornicni vrstvé je asi 3000 - 9000 kg N/ha.
Add line
Calculated parametel Expression Comment
N (21.37)+(P/(c*1L))*((0.0037*S)+(0.0000601 N = leached NO3-N [kg N/(ha*year)]
NorgEquation (Corg/100*V*Db)/CN*Rnorg = 4.52E3 Norg = nitrogen in organic matter [kg N/ha]
NO3 N*4.4268 = 94.6 How to convert between NO3 and NO3-N:
To convert Nitrate (NO3) to Nitrate-Nitrogen (NO3-N), multiply by 0.2259.
To convert Nitrate-nitrogen (NO3-N) to Nitrate (NO3), multiply by 4.4268.
Add line
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Manure management at farm, cattle, solid storage, cool, per kg DM (WFLDB)/GLO U
Manure management at farm, cattle, solid storage, temperate, per kg DM (WFLDB)/GLO U

Manure management at farm, cattle, solid storage, warm, per kg DM (WFLDB)/GLO U
< | [

Emissions calculated based on dry matter content (assumed equal to volatile solids, VS, by simplification), based on IPCC 2006, FAO 2010 and EMEP/EEA 2014,
Cool: Temperature below 15 °C

Temperate: Between 15 and 25°C

Warm: Above 25°C

Manure collected at farm has an N content of 0.045 kg N /kg DM manure. Average between lactating cows and other animals (max 0.051, min 0.036, according to ASAE
2005 and Nennich 2005)

Default DM content: 12% in liquid manure

Inventory is stopped at storage. Spreading impacts are allocated to the user of the manure.

Emissions of CH4, N20 (direct and indirect) and NH3 to air. Emission of nitrate to groundwater.

Data Quality Rating (DQR): 2.3 (i.e. good quality)
American Society of Agricultural Engineers (ASAE) (2005) Manure production and characteristics. St Joseph, MI, USA.

Nennich TD, Harrison JH, VanWieringen LM, et al (2005) Prediction of manure and nutrient excretion from dairy cattle. J Dairy Sci 88:3721-33. doi: 10.3168/)ds.50022-0302
(05)73058-7
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Silage maize MINERAL FERT Silage maize MANURE Cup plant (from SEEDS) Cup plant (from SEEDLINGS)

B Acidification B Climatechange [ Ecotoxicity, freshwater Particulate matter . Eutrophication marire |[JJj Eutrophication, freshwater . Eutrophication, terrestrial . Human toxicity, cancer . Human toxicity, non-cancer
. lonising radiation [ Land use . Ozone depletion [ Photochemical ozone formation Resource use, fossils . Resource use minerals and metals . Water use

Method: Environmental Footprint 3.1 (adapted) V1.03 / EF 3.1 normalization and weighting set / Single score / Excluding long-term emissions
Comparing 1kg 'Silage maize MINERAL FERT", 1 kg 'Silage maize MANURE', 1 kg 'Cup plant (from SEEDS)' and 1 kg "Cup plant (from SEEDLINGS}:

’B 001 | 110.2.0.0 Analyst
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Climate change Ecotoxicity, freshwater Eutrophication, freshwater Land use Water use

[l silage maize MINERALFERT [ Silage maize MANURE [ Cup plant (from SEEDS) | Cup plant (from SEEDLINGS)

Method: Environmental Footprint 3.1 (adapted) V1.03 / EF 3.1 normalization and weighting set /Characterization / Excluding long-term emissions
Comparing 1kg 'Silage maize MINERALFERT', 1 kg 'Silage maize MANURE', 1 kg 'Cup plant (from SEEDS)' and 1 kg 'Cup plant (from SEEDLINGS)';
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‘Compare processes
Impact assessment I Inventory Process contribution | Setup |Checks (1021)| Product overview |

Characterization | Normalization

Default units

Skip categories Never v R Dﬂ[] N = %N % i/ @ Exclude long-term emissions
Per impact categor
1004
95 1
0
85 4
80
753
70 3
65
60
554
® 504
45 ]
40
35
30 4
251
20
i
104
5]
0: . — v 2 .
Global warming Freshwater eutrophication Land use Water consumption

B Silage maize MINERALFERT | Silage Maize + Cup plant (90:10) [Jij Silage Maize - Cup plant (80:20) Silage Maize « Cup plant (70:30) [Jjj Silage Maize + Cup plant (60:40) [ Silage Maize - Cup plant (50:50)

Method: ReCiPe 2016 Midpoint (H) V1.11 /World {2010) H / Characterization / Excluding long-term emissions
Comparing processes;

SB 001 110.2.0.0 Analyst
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A General idea

Tailored
Aquaponic feed

A By-products
A Wasted food
A Circularity

A Plant nutrients ~educed dependency on fertlizer salts
A Meat quality
A Water quality
A ..

Optimized plant nutrients in fish sludge

’ Jihoceska univerzita
‘ ‘ v Ceskych Budé&jovicich
Roy, K., Bernas, J., GebauerTRIpuscherA. A., Nikl, O., Shaw, C., ... & Mraz, J. (2&2&)ronmentalmpact Fakulta rybafstvi
assessmenof fish feed for aquaponicsystemso introducehigherphosphorusandpotassiumin valueadded " a ochrany vod
fishsludge Aquaculture 599, 742142.
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The average prices of main and@mmducts or byproducts were reflected used for econom
allocation principle

market price of main products co-products/byproducts on market price ceproducts/by-products on food wast

I (PR e (czk/kg or czk/l) food waste level level (czk/kg) OGN
rolls/bread’ buns 115 breadcrumbs 6 0.052
sugar 20 sugar beet pomace 10 0.500
muesli 100 muesli 5 0.050
roasted coffee beans 700 coffee grounds 10 0.014
whiskey- Czech production 500 corn DDGS 31 0.062
czech beer 80 malt 8.5 0.106
rapeseed oll 36 rapeseed expeller 3.3 0.092
sunflower oil 45 sunflower expeller 7.5 0.167
fish meat 250 fish meal (freshwater) 35 0.140
chicken meat 200 feather meal 59 0.295
czech beer 80 yeast 76 0.950

chicken meat 200 chicken meat and bone me 25 0.125
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= Characterization

Additional analyses
Economic allocation coefficients ] P = Uncertainty
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. . . 1 |

AThree similar proteln (41 + 2 %) : [ Primary data }-:—[ Fish feed for aquaponics
and energy (342 + 3 kcal 100 ! -
g_1) feeds Wlth graded P ar_]d }<_ : [SomeLmDm]i_: a —[ (for feed-food conflict free by-products)
levels were validated in a tilapia- - - - :
based aquaponic facility for 35 I T
days, followed by a life cycle Low KP diet Medium KP diet
impact assessment (LCIA) per 1000g ]: j 1000g
unit fish yield and plant nutrient Ingredients, transport, Ingredients, transport,
manufacturing

fertilization during fish yield I

FCR x feed nutrient

X nutrient recovery

Environmental impact assessment 1

Feed conversion

On one hand, it did not reduce the Per ¢ untricat ertiled
during 1 kg fish yield

environmental impact per unit fish yieﬁ

(as more feed was needed to produce a
unit fish yield),but greatly reduced the
environmental impact of inorganic plant
fertilization (as more nutrients were
loaded per unit feeding).

nutrient recovery.

Validation
= Feeding trial, sludge characterization.
= LCA —reference inorganic fertilizers
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feed/ pellet

Breadcrubms

: - _ Sugalbeet pulp
| Impact assessment | Inventory | Process contribution I Setup lChecks (1296)| Product overview |

| Characterization Damage Assessment Normalization ~ Weighting Coffeegro_und
i Skip categories Never - HH [lul] A= % % % Muesli
Pea
Rapeseeail

Sunflowerseedmeal

Repeseedneal
Barleyfrom malting

Fishmeal
X

bt 5s

mPt

WHEAT 1 kg START 1kg all ingrediences MASS PLANT 1 kg all ingrediences MASS MIXED 1kg all ingrediences MASS

[l Human health [ Ecosystems [ Resources

Method: ReCiPe 2016 Endpoint (H) V1.11 /World (2010) H/A / Single score / Excluding long-term emissions
Comparing 1kg "WHEAT 1kg’, 1 kg 'START 1kg all ingrediences MASS’, 1 kg ‘PLANT 1 kg all ingrediences MASS' and 1 kg "MIXED 1kg all ingrediences MASS'

USB 001 110.2.0.0 Analyst
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Starch potatoes with nutrient
recovery from process water

Jihoceska univerzita
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Lyckeby .
Amylex

Water

Proteins

. Starch
Organic Field Potato rocessin Potato
fertilizers tubers P g starch
— factory
Mineral
___fertilizers | 1 Electricity Potato
processing . .-
E— [ ] wastewater Alternativeto Kfertilizer
Landuse .'III-IIIII-IIIII-III-I-III... +
Planting and o .,
i ~ * oMo
harvesting [ Land use . Relatedvolumeof N and Hertilizer
S———— J f
" K Theissueof Pemissionn : [ Pesticides ]— :
-
“sasssssmEEsEEEEEEEEEEEEnEnE? aCCOrdanC&O SALCA : A t h = l = :
. grotecnnica - Transport
model . [ operations E —pJ
3.9.8.2 Phosphate run-off to surface water ’ Direct field | i E | Water I :
Run-off to surface water was calculated in a similar way to leaching to ground water: . emissions =
- - S : Starch
Pro = Prot * Fro . Organic o Field . Potato rocessin Potato
Pro= quantity of P lost through run-off to rivers [kg/(ha*a)] . fertilizers ) ’L . tubers P facto g starch
L] ™\
Prol = average quantity of P lost through run-off for a land use category [kg/(ha*a)], which is - Mineral - - y
0.175 kg P/(ha*a) fOr arabl.e land, : fert”lzers ) : Elec‘tricity |
0.25 kg P/(ha*a) for intensive permanent pastures and meadows and . ~ . |
0.15 kg P/(ha*a) for extensive permanent pastures and meadows . Transport -
L]
6= correction factor for fertilization with P [dimensionless], calculated as: : N ‘ : | Land use I
0= 1+ 0.2/80 * P,0smin + 0.7/80 * P20ss + 0.4/80 * P205man : Plantmg _and .
P,0smin = quantity of P,0s contained in mineral fertiliser [kg/ha] = | harvesting ) M Potato processing
P20ssi = quantity of P20s contained in slurry or liquid sewage sludge [kg/ha] = - wastewater
P20sman = quantity of P,Os contained in solid manure [kg/ha] '.' -
»

The values of P,0s-content for slurry and manure were taken from Flisch et al. (2009) or other

national sources.

*

0‘ ".
..IlllllllllllllllllllllIll-‘
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Starch potatoes with nutrient

recovery from process water

and Technology

Theissueof Pemission

Impact assessment | Inventory | Process contribution | Setup IChecks (1028)| Product overview |

in accordancdo SALCA

Characterization Normalization

Skip categories Never v HH “]E A

fit

Pro =
Pro =

Prol =

Fo =

Fro =

Terrestrial acidification

Global warming

' kﬁeshwatef utrophicatioy

Default units

@ Exclude Iga

3.9.8.2

Terrestrial ecotoxidty

model

)

Phosphate run-off to surface water

Run-off to surface water was calculated in a similar way to leaching to ground water:

Prol * Fro
quantity of P lost through run-off to rivers [kg/(ha*a)]

average quantity of P lost through run-off for a land use category [kg/(ha*a)], which is
0.175 kg P/(ha*a) for arable land,
0.25 kg P/(ha*a) for intensive permanent pastures and meadows and
0.15 kg P/(ha*a) for extensive permanent pastures and meadows

correction factor for fertilization with P [dimensionless], calculated as:

1+ 0.2/80 * P,0smin + 0.7/80 * P20s4 + 0.4/80 * P205man

P20smin = quantity of P,Os contained in mineral fertiliser [kg/ha)]
P20ss = quantity of P20s contained in slurry or liquid sewage sludge [kg/ha]
P,0sman = quantity of P,Os contained in solid manure [kg/ha]

The values of P,0s-content for slurry and manure were taken from Flisch et al. (2009) or other
national sources.

Freshwater ecotoxicity Land use

[ NAZV brambory konvencni technologie [l NAZV brambory hlizova voda (jako K}

Method: ReCiPe 2016 Midpoint (H) V1.11 /World (2010) H / Characterization / Excluding long-term emissions
Comparing 1kg ‘'NAZV brambory konvenéni technologie’ with 1kg "NAZV brambory hlizova voda (jako K);

JSB 001 I

[10.2.0.0 Analyst

Water consumption
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A Environmental impacts were evaluated per 1 kg of dried

hemp inflorescence.

A Four indoor cultivation strategies with varying fertilizer and

Indoor hemp production

Rethinking Efficiency: How Increased Electricity Use Can

Reduce Environmental Impacts in Controlled Hemp Cultivation

H H H H H Documentation Input/output : Parameters i System description
lighting inputs were compared using life cycle assessment. | nputfoutp > phion |
P P ; ; H H Input parameter  Value Distribu SD2 or 25D Min Max Hide Comment
A Regional electricity mix, particularly from lignite-based B e = ! '
th d . t t . b t t CerneUhli 34 Undef... r %
sources, was € dominant contributor across mos HnedeUhli 385 Undef.. - o
environmental impact categories. JademaEnergie | 37.1 Undef.. r %
Plyn 6.9 Undef... = %
A Treatments with higher lighting intensity chieved lower Vodni 26 Undef.. r %

. . . . . r
environmental impacts per 1 kg of dried hemp inflorescence Precerpavaci | 1.2 Undef.. |%
due tO hI her ieldS Biomasa 3.1 Undef... r %

g y - Bioplyn 3 Undef... ™ | % (ostatni OZE z Energostatu dle MPQ)
Vetrna 0.8 Undef... r %
Outputs to technosphere: Products and co-products Amount Unit Quantity Waste type  Allocation Category Comment N l_
electricity production mix cz (vlastni model) E=1 KWh Energy not defined | 100 % Others\Berna | https,//mpo.gov.cz/assets/cz/energetika/std SOIaml 3 Undef'” | %
s_Jaroslav\EN | ergie/2025/1/Obnovitelne-zdroje-energie-} Frs 2 2 3 r B
e 9 . je-energ ENERGIE 1 Undef... ™ kWh (V pfipadé zmény mnoZstvi energie)
_ LErergosta) Geotermal 04 Undef... r
Add line
Qutputs to technosphere: Avoided products Amount Unit Distribution SD2or25D  Min Max Comment Add |ine
Add line
Inputs Calculated parametel Expression Comment
Inputs from nature Subcompartment  Amount  Unit Distribution ~ SD20r25D  Min Max Comment cu (CerneUhIi*ENERGIE)/100 = 0.034
Add line HU (HnedeUhli*ENERGIE)/100 = 0.385
Inputs from technosphere: materials/fuels Amount Unit Distribution SD2or2sD  Min Max Comment .
Add line JE (JadernaEnergie*ENERGIE)/100 = 0.371

Inputs from technosphere: electricity/heat Amount Unit Distribution SD2 or 25(] P (Plyn*ENERGIE)/100 = 0.069
Electricity, high voltage [CZ}| electricity production, hard coal | Cut-off, U CU =0.034 | KWh - _
Electricity, high voltage (CZ)| eleciricity production, lignite | Cut-off, U HU = 0385 P (Vodni*ENERGIE)/100 = 0.026
Electricity, high voltage {CZ)| electricity production, nuclear, pressure water reactor | Cut-off, U JE = 0371 | wn Pr (Precerpavaci*ENERGIE)/100 = 0.012
Electricity, high voltage {CZ}| electricity production, natural gas, conventional power plant | Cut-off, U | P=0069 | kWh .
Elecvicity, high voltage (CZ)] electricity production, hydro, run-of-river | Cut-off, U V=002 [ 'ewn B | (Biomasa*ENERGIE)/100 = 0.031
Electricity, high voltage {CZ}| electricity production, hydro, pumped storage | Cut-off, U Pr=0012 KWh BP (Bioplyn*ENERGIE)/100 = 0.03
Electricity, high voltage [CZ)| heat and power co-generation, wood chips, 6667 kW, state-of-the-art 2014 | Cut-off, U B =0031 KWh Y -

] ] Ve (Vetrna*ENERGIE)/100 = 0.008
Electricity, high voltage (CZ}| heat and power co-generation, biogas, gas engine | Cut-off, U BP = 0.03 KWh T N
Electricity, high voltage {CZ}| electricity production, wind, 1-3MW turbine, onshore | Cut-off, U Ve = 0008 Wh S (Solarni*ENERGIE)/100 = 0.03
Electricity, low voltage {CZ}| electricity production, photovoltaic, 3kWp slanted-roof installation, single-Si, panel, mounted | Cut-off, U $=003 KWh . .

T6 = 0008 Tiowm No | Scope ‘ Error | Additional info

Electricity, high voltage {CZ}| electricity production, deep geothermal | Cut-off, U
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Fullsystemaggregatednput analysis Fertilizerfocusedcontribution analysis
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