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LABORATORY of  

LIFE CYCLE ASSE S SMENT
LCA studies can serve as a tool for reducing the 

environmental impact of companies, as motivational 
aspects in communication with the customer, as 
motivational tools for environmental policy (e.g., 

agriculture), for increasing competitiveness, or for 
development and research.

With the help of LCA, it is possible to compare the 
environmental impacts of products with regard to their

function or evaluate the environmental impacts with 
respect to the entire product life cycle.



https://www.jcu.cz/en


Laboratory  options

• 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.

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

• 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.

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

• Critical review for Lice Cycle Assessment (LCA) in accordance with ISO 
14071.



BACKGROUND

University of South Bohemia in 
České Budějovice

Laboratory  of  LCA

30 months

https://www.jcu.cz/en


Content

• Examples  of  LCA application
▪ Cup plant ( Perennial  cropping )

▪ Circular feed in aquaponics and carp ponds

▪ Starch  potatoes with nutrient recovery 
from process water

▪ Indoor  hemp  production

▪ Optimisation of nitrogen fertilisation in 
wheat systems under Pannonian conditions

▪ Paddy  rice

▪ Environmental footprint of pet animals

▪ …

•  From  Cradle  to Farm  gate



CUP PLANT
Cleaner  production  of  biomass  for  silage

Bernas, J., Bernasová, T., Gerstberger, P., Moudrý, J., Konvalina, P., & Moudrý Jr, J. (2021). Cup 
plant, an alternative to conventional silage from a LCA perspective. The International Journal of 
Life Cycle Assessment, 26(2), 311-326.



CUP PLANT
Cleaner  production  of  biomass  for  silage

• Perennial  cropping  system  – how ?

• Yield  level (10 years  of  cultivation )

• Heavy  metals (input x output) – farm  level (SALCA)

• Field  emission  and perennial  cropping  system

• Manure  via WFLDB

• SimaPro  Craft  – calculators  based  on WFLDB

• Database combination

• Sequestration  in SimaPro

Alternative for silage maize



• Processes  level in SimaPro  Craft



WFLDB
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CUP PLANT
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Circular feed in aquaponics and 
carp ponds

https://www.frov.jcu.cz/cz/


Fish feed for aquaponic systems

• General idea

• By-products

• Wasted  food

• Circularity

• Plant nutrients

• Meat  quality

• Water  quality

• …

Roy, K., Bernas, J., Gebauer, R., Tellbuscher, A. A., Nikl, O., Shaw, C., ... & Mraz, J. (2025). Environmental impact 
assessment of fish feed for aquaponic systems to introduce higher phosphorus and potassium in value-added 
fish sludge. Aquaculture, 599, 742142.

https://www.frov.jcu.cz/cz/


Fish feed for aquaponic systems

The average prices of main and co-products or by-products were reflected used for economy 
allocation principle

main products
market price of main products 

(czk/kg  or czk/l)
co-products/by-products on 

food waste level
market price  co-products/by-products on food waste 

level (czk/kg)
coefficients

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 oil 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 meal 25 0.125



Circular feed in aquaponics and 
carp ponds

• Three similar protein (41 ± 2 %) 
and energy (342 ± 3 kcal 100 
g −1 ) feeds with graded P and K 
levels were validated in a tilapia -
based aquaponic facility for 35 
days, followed by a life cycle 
impact assessment (LCIA) per 
unit fish yield and plant nutrient 
fertilization during fish yield

On one hand, it did not reduce the 
environmental impact per unit fish yield 
(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).



Carp  pondsImpact per kg of 
feed/pellet

Breadcrubms
Sugar beet pulp
Coffee ground

Muesli
Pea

Rapeseed oil
Sunflower seed meal

Repeseed meal
Barley from malting

Fish meal
…



Starch potatoes with nutrient 
recovery from process water

The issue of P emission in 
accordance to SALCA 

model

Alternative to K fertilizer
+

Related volume of N and P fertilizer



Starch potatoes with nutrient 
recovery from process water

?

The issue of P emission 
in accordance to SALCA 

model



Indoor  hemp  production

• Environmental impacts were evaluated per 1 kg of dried 
hemp inflorescence.

• Four indoor cultivation strategies with varying fertilizer and 
lighting inputs were compared using life cycle assessment.

• Regional electricity mix, particularly from lignite -based 
sources, was the dominant contributor across most 
environmental impact categories.

• Treatments with higher lighting intensity chieved lower 
environmental impacts per 1 kg of dried hemp inflorescence 
due to higher yields.

Rethinking Efficiency: How Increased Electricity Use Can 
Reduce Environmental Impacts in Controlled Hemp Cultivation



Indoor  hemp  production
Full system aggregated input analysis Fertilizer-focused contribution analysis



Optimal design of nitrogen application rate for 
facultative wheat using life cycle assessment

• Highlights
▪ The environmental design of facultative wheat production was assessed.

▪ The field experiments' results were used for agricultural LCA.

▪ Optimization of N input can reduce the environmental impact.

▪ Grain N yield was implemented as a functional unit.

▪ Winter wheat tended to bring a lower environmental impact than spring wheat.

▪ Zero N fertilization can bring a higher environmental impact than medium N 
fertilization.

Primary dat

LCA; Winter wheat; Spring wheat; Fertilization rate;
Grain N yield

Bernas, J., Koppensteiner, L. J., Tichá, M., Kaul, H. P., Klimek-Kopyra, A., Euteneuer, P., ... & 
Neugschwandtner, R. W. (2023). Optimal environmental design of nitrogen application rate for facultative 
wheat using life cycle assessment. European Journal of Agronomy, 146, 126813.



Optimal design of nitrogen application rate for 
facultative wheat using life cycle assessment

• Fig . 4. Environmental  impact  levels  
(trends ) per 1 kg of  grain N yield  
ha −1 (in eco -points ) . Pt  = The  value  
of  1 Pt  (eco -point) is  
representative  of  one -thousandth  
of  the  annual  environmental  
impact  of  one  average  European  
inhabitant ; E1 = environment 1 
(season  2019/2020); 
E2 = environment 2 ( season  
2020/2021); W S = spring  wheat ; 
WW = winter  wheat ; N0 = Control ; 
N50, N100, N150, and N 
200 = fertilization  rates  of  50, 100, 
150 and 200 kg N ha −1 ; SimaPro  
9.3.0.2 software; ReCiPe  2016 
Endpoint  (H) V1.05 / World  
(2010) H; Cut -off  System  Model 
approach ; 
Normalization /Weighting  model.



Sustainability Estimation of Oat:Pea
Intercrops from the LCA Perspective

• Trends of the environmental 
impact (the combination of the 
unit of production; grain N yield 
respectively, and the unit of 
area; land demand for 
generating the same N yield, 
respectively);

• C = Control;

• N60 = variant with input of 60 
kg N ha −1;

• N120 = variant with input of 
120 kg N ha −1;

• Sowing ratios of oat:pea (%:%): 
100:0, 75:25, 50:50, 25:75, and 
0:100;

• Based on Normalization model; 
ReCiPe 2016 Endpoint (H) 
V1.05/World (2010) H/Official; 
Endpoint category: Resources, 
Ecosystems, Human health.



Hotspot detection in the cultivation of 
organic winter wheat variety mixtures

• Impact  of  variety 
mixture  on the  
yield  parameters  – 
and envi . impact

• The results of this 
research can be 
used as an 
example of an 
environmental 
design application 
based on hotspot 
detection in 
organic 
agriculture from 
the LCA 
perspective.



LCA of biochar and cattle manure 
application in sugar beet cultivation –

• LCA of biochar (B) and 
cattle manure (CM) 
applications at three 
different rates (5, 10, and 
15 tons ha −1 ) compared 
with conventional chemical 
fertilization (CH) in the 
autumn and spring sugar 
beet crops has been 
studied.

• The system boundaries for 
LCA analysis were set from 
the cradle to the sugar 
factory gate.

• Quality x quantity x envi . 
impact



Environmental impact of paddy rice 
cultivation under wetting and drying 
management of cultivation from the 
perspective of LCA 

Paddy  rice

Yield level, N2O, CH4



Paddy  rice

Same agrotechnology

Draft of the paper





Targets

• Soya  been

• Fishery  issue

• Mushroom  – human  risk assessment

• Energy  efficiency  (BOKU)

• Novel method of refining  aseptic  waste packages

• Beet  root  (intensity of  cultivation )

• Alternate  floristical  materials /substrates

• Alcohol  consumption  – impact  on the  environment

• Carbon  footprint  in the  campus (transport) – part of  the  ESG of  JU



Thank  you  for  your  attention

Jaroslav Bernas



NAZV (QL24010101) -Innovations in potato cultivation 
technology for starch production with respect to the circular 
economy

Erasmus+ Key Action 2: Cooperation Partnerships
Increasing Awareness on Reducing Carbon Footprint through 
Trainings in IPARD Investments (CARBODIGIPARD)
PROJECT ID - 2025-1-TR01-KA220-VET000356996

Interreg ATCZ00217
TASTE – Technological Adaptation for 
Sustainable Transformation of the Agri-
Food Ecosystem in the Upper Austrian–
South Bohemian–Vysočina Border 
Region



• Cup – plant

• Issue  při práci

• Heavy  metals – farm  level

• Perenial  cropping  systém

• Yield

• Field  emission  při perenial  cropping

• Srážky – rok nebo sezona

• SimaPro  aplikace SALCA a WFLDB

• Kombinace databazi  v jednom modelu

• Rybářský článek

• Issue  při práci

• Ekonomika – faktory pro zohlednění zátěže – nechtěli jsme od nuly

• Joel Aubin  – konzultace metodiky

• Aplikace v peletách

• Příprava H2020
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