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Life Cycle Assessment (LCA) & Ecosystem Services Assessment (ESA)

• ESA designed for a better understanding on 
ecosystems contribution to human well being.

• LCA designed to address potential environmental 
impacts of a product/service including different 
life cycle stages.
Product-oriented and impact-focused

Area-based and benefit-oriented

Challenge & opportunity



Adress the environmental impacts related to grape production, in
different vineyards of the Sudoe region, with a life cycle perspective, but
accounting for ES provision, before and after the implementation of
nature-based solutions

Conventional scenario NBS scenario

LCAAgricultural 
phase

• Soil erosion control
• Nutrient retention
• Carbon sequestration

ESA

Agricultural 
phase

Goal



Scenarios

SUDOE region SUDOE region includes areas with strong

viticultural tradition

6 t/ha 6.5 t/ha 6 t/ha 9 t/ha



1 kg grapes

Scope

Location and mapping

Cradle to farm-gate



LCA Methods: Impact categories

Category Unit Assessment method

Carbon footprint (GW) kg CO2eq ReCiPe 2016 v1.1 (midpoint) H

Water deprivation (WD) m3 water consumed AWARE (Available WAter
REmaining). The WULCA consensus
characterization model for water scarcity
footprints: assessing impacts of water
consumption based on available water
remaining (AWARE).

Freshwater eutrophication (FE) algae-eq Payen et al. (2021) Freshwater
eutrophication: spatially explicit fate
factors for nitrogen and phosphorus
emissions at the global scale

Terrestrial acidification (TA) kg SO2eq ReCiPe 2016 v1.1 (midpoint) H

Terrestrial ecotoxicity (TET) kg 1,4-DCB ReCiPe 2016 v1.1 (midpoint) H



On-field emissions

Pollutant Compartment Method Scope

NH3 Air EMEP/EEA 2023 Tier I

NO2 Air EMEP/EEA 2023 Tier I

N2O Air IPCC 2019 Tier I

Phytosanitary: 
copper sulfate, 
fosetyl, folpet, 

fluopyram, 
glyphosate

Soil, superficial 
water PEF 2018 Tier I

NO3
- superficial water InVEST, NDR Tier II 

PO4
-3 superficial water InVEST, NDR Tier II

CO2
superficial water, 

soil PEF 2018 Tier I

NOx, SO2 Air PEF 2018 Tier I

Global warming

Toxicity

Eutrophication

Acidification

Acidification



Pollutant Compartment Method Scope

NO3
- superficial water InVEST, NDR Tier II 

PO4
-3 superficial water InVEST, NDR Tier II

Nutrient Delivery Ratio (NDR model)

On-field emissions

▪ N and P loads
▪ Rapid runoff flow
▪ Nutrient uptake by crops and adjacent vegetation
▪ Orography (slope, retention coefficient, hydrologic balance)

NO3
- & PO4

-3 loads reaching
nearby water bodies →

↑accuracy

Nutrient retention
Feed balance
• Amounts / digestibility / contents: 

gross energy, N, P, ash)

Animals
• Categories

• live weight changes

Housing

Pastures and 

heaths 

Manure storage

Manure application

Induced emissions

N2O NOx

NOx

NOx

CH4

N2

NO3
-

NO3
-

NH3 NOx NO3
-

N2O
N2O

NH3

NH3

NH3

N2O

PO4
3-

CH4 

CH4

CH4
PO4

3-

Nutrient loads

Hydrological model

Land Use buffer

Nutrient 
Delivery Ratio 
(NDR) model



Erosion control

To quantify and map sediment generation and delivery to water courses

Annual soil loss is estimated through Revised Universal Soil Loss formula (RUSLE1 - Renard et al. 1997) (t/ha/year) :

NBS 
effect

Benefit from cover crops and management practices

Sediment Delivery Ratio (SDR model)

• Increased sediment loads to water bodies affects water quality

• Understanding where sediments are deposited allows to design better strategies with impacts on irrigation, 

water treatment…

• Soil loss from land reduces agricultural productivity



PRELIMINARY RESULTS

LCA results ESA results



Vineyard comparison

Carbon Footprint (CO2eq)

Terrestrial Acidification (SO2eq)
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Freshwater Eutrophication (algae-eq) Water Deprivation (m3 eq)

Terrestrial Ecotoxicity (1,4-DCB eq)
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No single vineyard performs best in all categories
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Conclusions

• SUDOE vineyards are at the lowest range of environmental impacts 
comparing to literature

• Each vineyard has different focus to reduce its environmental impact → NBS

0.131-0.380 gCO2/kg 1.67-5.73 gSO2/kg



Erosion control

Total soil loss (kg·yr-1)

V4 V3 V2

✓ Effect of vegetation

✓ Topography: steep

✓ Soil properties

✓ Climate: rain intensity

The redder it is, the more erosion it means

V1 (Galician pilot)

• Reduced soil fertility

• Reduced water and nutrient holding capacity

• Increase in treatment costs for drinking water supply

It provides an assessment of the current situation

but must be compared with interventions (NBS)

V1

V2 V3

V4



Nitrogen retention

Total N export (kgN·yr-1)

V4 V3 V2 V1

✓ Applied N load

✓ Topography

✓ Climate

✓ Soil properties

The redder it is, the more N it leaches

It provides an assessment of the current

situation but must be compared with

interventions (NBS)

V1

V2 V3

V4



Monetization of 
Environmental burdens

LCA

€ / ha

ReCiPe2016 (H) Midpoint

Climate change (€/ha)

Terrestrial acidification (€/ha)

Water use (€/ha)

Adjusted to inflation 2021-224 

(≈19%)

Monetization:

Environmental Prices Handbook

……. (€/ha)

ES will be monetized through 

Biophysical estimation

European society Willingness to Pay 
to address environmental pollutants

To connect these results with decision-making, we explore monetization

This is not about producing a single number, but about creating a common language for policy 
and management



Monetization of Environmental 
burdens (€ ha-1 yr-1)
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Conclusions:

• GIS analysis enhances ES understanding through mapping

• Erosion control and nutrient retention are expected to be benefited by Nature-

Based Solutions

• All indicators are expected to be monetized to include cost – benefit

analysis in intervention plans.

• NBS implementation costs & Monetization of environmental impacts

• Socio-economic valuation (direct & indirect prices)

ESA – Cost/benefit analysis



Thank you for 
your attention!
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