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Pourpuse of the training 

HarvREStproject proposes a modular training framework 
grounded in partners high expertise, desk research, and regional 
stakeholder engagement divided in 5 modules.

These modules reflect IŀǊǾw9{ǘΩǎsystemic understanding of RES 
uptake as not only a technological transition but a social and 
organisationalone. By embedding training within broader 
knowledge exchange networks - linking farmers, cooperatives, 
research institutions, and advisors - the project aims to create 
conditions for inclusive, scalable, and context-sensitive 
innovation in the agricultural energy transition 
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Modules Index

1. Technical module

2. Environmental & Sustainability module

3. Policy Module

4. Business Module

5. Stakeholder Engagement & Market Research 
for RES Integration Module
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Capacity Building Material
¢ŜŎƘƴƛŎŀƭ aƻŘǳƭŜ
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Context

Objectiveof HarvRest:

ÅDevelopinnovativesolutionsto decarbonizethe agriculturalsector through the
useof renewableenergies,electrification,andadvanceddigital tools.

Current Challenges in the Agricultural Sector:

ÅHigh energy costs.

ÅDependence on fossil fuels.

ÅNeed for sustainability and emission reduction.

ÅLimited water resources.
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wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ
-What are renewable energies?

-Application of RES (Renewable Energy Sources) in the 
agricultural sector

-Wind, hydraulic, green hydrogen, solar photovoltaic, 
biomass, and biogas energy

-Energy self-consumptionEuropean policies
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Renewable Energies

ÅRenewableenergiesare those obtained from inexhaustiblenatural sourcessuch as the
sun,wind,water, or organicmatter.

ÅUnlike fossil fuels, their use doesnot generatenet greenhousegasemissionsor deplete
planetaryresources.

ÅTheyareadaptableto variousscales,from domesticself-consumptionto largeplants.

ÅRenewableenergiescan be applied in a wide range of contexts and activities, from
decentralizedgenerationto intensiveusein industrialor agriculturalprocesses.

What Are Renewable Energies?
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ÅHeating, domestic hot water, household electricity.

Residential

Å¢ƘŜǊƳŀƭ ǇǊƻŎŜǎǎŜǎΣ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ŜƴŜǊƎȅ ǎŜƭŦπŎƻƴǎǳƳǇǘƛƻƴΦ

Industrial

ÅBiofuels, green hydrogen, electric vehicle charging.

Transport

ÅIrrigation, pumping, drying, heat or electricity generation on farms.

Agricultural

ÅEnergy injection into the grid and support for the electrical system.

Electric Grid

DŜƴŜǊŀƭ ¦ǎŜǎ ƛƴ 5ƛŦŦŜǊŜƴǘ {ŜŎǘƻǊǎΥ

Renewable Energies
What Are Renewable Energies?
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Main RenewableEnergySourcesApplicablein the AgriculturalSector:

ÅSolar(photovoltaicandthermal)

ÅWind (small-scaleandmedium-scalewind turbines)

ÅBiogas(from livestockandvegetablewaste)

ÅBiomass(firewood,forest residues,or energycrops)

ÅHydraulic(micro-hydropowerin rural areas)

ÅGreenHydrogen(producedviaelectrolysisusingrenewableenergy).

Renewable Energies
What Are Renewable Energies?
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Renewable Energies

wŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ƻŦŦŜǊ ǎƻƭǳǘƛƻƴǎ ǘƻΥ

ÅwŜŘǳŎŜ ŘŜǇŜƴŘŜƴŎŜ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ

Å/ǳǘ /hі ŜƳƛǎǎƛƻƴǎΦ

Å[ƻǿŜǊ ƳŜŘƛǳƳπǘŜǊƳ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ ŀƴŘ ŜƴŜǊƎȅ ŜȄǇŜƴǎŜǎΦ

Å{ǳǇǇƻǊǘ ǊǳǊŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ŀŎŎŜǎǎ ǘƻ ŜƴŜǊƎȅ ƛƴ ƛǎƻƭŀǘŜŘ ŀǊŜŀǎΦ

ÅtǊƻǾƛŘŜ ŀǳǘƻƴƻƳȅ ŀƎŀƛƴǎǘ ǇǊƛŎŜ ǾƻƭŀǘƛƭƛǘȅΦ

ÅLƳǇǊƻǾŜ ǇǳōƭƛŎ ƛƳŀƎŜΣ ŦŀŎƛƭƛǘŀǘŜ ŀŎŎŜǎǎ ǘƻ ŦǳƴŘƛƴƎΣ ŀƴŘ ƳŜŜǘ ŎƭƛƳŀǘŜ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ǘŀǊƎŜǘǎΦ

Application of Renewable Energies in the Agricultural Sector

The agricultural sector requires electricity and fuels for irrigation, machinery,
greenhouseclimatecontrol,andproductpreservation.
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Renewable Energies

Detaileduses in agriculture:

ÅIrrigation and water pumping: solar or wind systems 

enable efficient irrigation.

ÅHeatingand cooling: biomass used to heat livestock or 

agricultural facilities.

ÅAgro-industrial processing: biogas to fuel boilers or 

thermal engines.

ÅLightingand general electricity: pv systems or micro-

hydroturbinesfor farms, greenhouses, and collection 

centers.

ÅEnergy storage: batteries or green hydrogen to ensure 

continuous availability.

Application of Renewable Energies in the Agricultural Sector

Strategicbenefits:

ÅImproves competitiveness by lowering 

structural costs.

ÅFacilitates compliance with environmental 

regulations and sustainability criteria.

ÅContributes to income diversification 

(selling energy surplus or joining energy 

communities).
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wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ

Specificchallengesof the sector:

ÅNeed to adapt technological solutions to local characteristics: solar availability, water
resources,type of cropsor livestock.

ÅAdministrativeandtechnicalbarriersfor gridconnectionor implementationof installations.

ÅTrainingandawareness-raisingof agriculturalpersonnelin the efficient useandmaintenance
of technologies.

Emergingopportunities:

ÅDigitalizationlinkedto energygeneration(monitoring,remotecontrol).

ÅGreenjob creationin rural areas.

ÅCollectiveself-consumptionmodelsor integrationwith agri-food cooperatives.

Application of Renewable Energies in the Agricultural Sector
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Renewable Energies

Wind energyis a power generationtechnologythat convertsthe kineticenergyof the wind
into electricity through the useof wind turbines,which transformthe rotational movement
of their bladesinto electricityby applyingprinciplesof aerodynamicsandelectromechanical
conversion.

Wind Energy

ÅThe aerodynamiceffect causesthe rotor to spin
when the wind strikes the blades, generating
rotationalmotion.

ÅThis motion drives an electric generator, which
converts the mechanical energy into alternating
current (AC)electricity.
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wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ

Power generationdependson the height of the wind turbine, the roughnessof the terrain, the
availabilityof the resource(wind hours), andthe performanceof the turbines.

Thespeedand quality of the wind will dependon factorssuchas terrain relief, seasonof the year,
time of day,atmosphericpressure, andthe presenceof obstacles(buildings,vegetation).

Wind Energy

Mean wind speed. Credit: Global WindAtlas.
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Renewable Energies

Wind turbines can be installed on agricultural land, providinga clean source of energy.

Applications:

ÅWind turbinescangenerateelectricity to power variousagriculturaloperations,from lighting and
heatingto the operationof machineryandequipment.

ÅSimilarto solar-poweredirrigationsystems,wind-poweredwater pumpsarea viableoption for crop
irrigation,especiallyin areaswith goodwind resourcesandidealfor locationswith limited accessto
the electricitygrid.

ÅElectricity supply for agricultural facilities such as farms, storage buildings, or greenhouses,
significantlyreducingoperationalcostsandincreasingenergyindependence.

ÅSupportfor hybridsystems(solar+ wind) to ensurea constantelectricitysupply.

Wind Energy in Agriculture
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wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ

Keyconsiderations:

ÅRequires constant wind speeds >4ς5 m/s on average.

ÅBetter in elevated, open plains or wind corridors.

ÅPrior wind resource assessment is crucial.

Operation& Maintenance:

ÅInspections every 6ς12 months (blades, nacelle, anchoring, brakes).

ÅRegular lubrication and replacement of bearings, gears, and moving parts.

ÅSCADA or IoT systems for remote monitoring.

ÅCleaning in dusty, salty, or insect-prone areas.

ÅEstimated lifespan: 20ς25 years, with possible repowering or modernization.

Wind Energy in Agriculture
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Renewable Energies

Challengesandbarriers:

ÅHighinitial investmentfor smallfarmsif there isno accessto financingor subsidies.

ÅWind variabilityand the natural intermittencyof the resource(althoughpredictablein
manyenvironments).Visualandnoiseimpactof the turbines.

ÅLocationmusthavesufficientwind resources.

ÅPossibleadministrative or social barriers if the turbine is consideredan intrusive
element.

Wind Energy in Agriculture
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Renewable Energies

ÅIȅōǊƛŘǇǊƻƧŜŎǘΥ ŎƻƳōƛƴŜǎр ǿƛƴŘ
ǘǳǊōƛƴŜǎόммΦрa²ύǿƛǘƘŀǇǳƳǇŜŘ
ƘȅŘǊƻǎǘƻǊŀƎŜǎȅǎǘŜƳΣǳǎƛƴƎǿŀǘŜǊƛƴŀ
ŦƻǊƳŜǊǾƻƭŎŀƴƛŎŎǊŀǘŜǊΦ

Å!ƎǊƛŎǳƭǘǳǊŀƭǳǎŜΥŜƭŜŎǘǊƛŎƛǘȅǎǳǇǇƭȅŦƻǊ
ǿŀǘŜǊŘŜǎŀƭƛƴŀǘƛƻƴŦƻǊƛǊǊƛƎŀǘƛƻƴŀƴŘ
ŎƻƴǎǳƳǇǘƛƻƴƻƴǘƘŜƛǎƭŀƴŘΦ

ÅLƳǇŀŎǘΥƴŜŀǊπǘƻǘŀƭŜƴŜǊƎȅŀǳǘƻƴƻƳȅŦƻǊ
ǘƘŜƛǎƭŀƴŘǎȅǎǘŜƳόŀǊƻǳƴŘммΣллл
ƛƴƘŀōƛǘŀƴǘǎύΤ ŘƛǊŜŎǘǳǎŜƛƴǘƘǊŜŜ
ŘŜǎŀƭƛƴŀǘƛƻƴǇƭŀƴǘǎΦ

Wind Energy in Agriculture

Casestudy: Goronadel VientoςElHierro, IslasCanarias(Spain)

Credit: viva-espana.at
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Renewable Energies

Hydropowerharnessesthe potential energy of water stored at height or in motion to
produceelectricitythroughhydraulicturbinesconnectedto generators.

Hydropower

ÅCŀƭƭƛƴƎƻǊŦƭƻǿƛƴƎǿŀǘŜǊǇǳǎƘŜǎǘƘŜ
ǘǳǊōƛƴŜōƭŀŘŜǎΣƎŜƴŜǊŀǘƛƴƎǊƻǘŀǘƛƻƴŀƭ
ƳƻǾŜƳŜƴǘΦ

Å¢ƘƛǎƳƻǾŜƳŜƴǘƛǎŎƻƴǾŜǊǘŜŘƛƴǘƻ
ŀƭǘŜǊƴŀǘƛƴƎŎǳǊǊŜƴǘό!/ύŜƭŜŎǘǊƛŎƛǘȅōȅŀ
ƎŜƴŜǊŀǘƻǊŎƻǳǇƭŜŘǘƻǘƘŜǘǳǊōƛƴŜΦ

Credit: lifeder.com
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Renewable Energies

Powergenerationwill also depend
on the performance of the
hydraulic and electrical system,
includingturbines, generators,and
transformers, as well as friction
lossesin pipelinesandconduits.

The flow rate and hydraulic head
will depend on the hydrological
regime,climate,terrain topography,
seasonality,and the management
of the water resource (reservoirs,
water transfers,agriculturaluses).

Hydropower

Credit: institutodelagua.es
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Renewable Energies

LǘƛǎƻƴŜƻŦǘƘŜƻƭŘŜǎǘŦƻǊƳǎƻŦŜƴŜǊƎȅǳǎŜŀƴŘŎŀƴǇƭŀȅŀǾŜǊȅǎƛƎƴƛŦƛŎŀƴǘǊƻƭŜƛƴǘƘŜǎŜƭŦπ

ǎǳŦŦƛŎƛŜƴŎȅƻŦŀƎǊƛŎǳƭǘǳǊŀƭƻǇŜǊŀǘƛƻƴǎǿƛǘƘǿŀǘŜǊǊŜǎƻǳǊŎŜǎŀǾŀƛƭŀōƭŜŜƛǘƘŜǊŎƻƴǘƛƴǳƻǳǎƭȅƻǊ

ǎŜŀǎƻƴŀƭƭȅΦ

!ǇǇƭƛŎŀǘƛƻƴǎΥ

ÅLƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ƳƛŎǊƻǘǳǊōƛƴŜǎ ƛƴ ƛǊǊƛƎŀǘƛƻƴ ŎŀƴŀƭǎΣ ŀƴŘ ƴŀǘǳǊŀƭ ƻǊ ŀǊǘƛŦƛŎƛŀƭ ǿŀǘŜǊŦŀƭƭǎΦ

Å9ƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ŦƻǊ ŦŀǊƳǎΣ ǎǘƻǊŀƎŜ ŎŜƴǘŜǊǎΣ ƻǊ ǊǳǊŀƭ ƭƛƎƘǘƛƴƎ ǎȅǎǘŜƳǎΦ

ÅIȅōǊƛŘ ƘȅŘǊƻπǎƻƭŀǊ ǎȅǎǘŜƳǎ ƻƴ ŦŀǊƳǎ ǿƛǘƘ ŀŎŎŜǎǎ ǘƻ ǿŀǘŜǊŎƻǳǊǎŜǎΦ

Hydropowerin Agriculture
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Renewable Energies

Advantages:

ÅContinuous generation (24/7) when a constant flow is available (uninterrupted energy 
production).

ÅHigh efficiency (up to 90%) under suitable hydraulic conditions.

ÅDiscreet integration into the agricultural landscape.

ÅStorage capacity through elevated tanks or batteries.

Considerations:

ÅRequires a sufficient and stable flow throughout most of the year.

ÅA prior hydrological study is essential to determine the energy potential.

ÅCoordination with other water users is necessary to avoid conflicts during periods of scarcity.

Hydropowerin Agriculture
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Renewable Energies

Operation& Maintenance:

ÅRequiresa hydraulicdesignadaptedto the availableflow.

ÅRoutinemaintenanceof turbines,gates,filters, andpipelines.

ÅStructuralinspectionsto preventblockagesor leaks.

ÅMonitoringof water levelsandcleaningof soliddebris.

ÅCanoperateautonomouslywith remotecontrolssuchaslevelandflow sensors.

ÅAveragelifespanof 30ς50yearswith propermaintenance.

Challengesandbarriers:

ÅHighinitial costsfor civilworksandinfrastructure.

ÅSeasonallimitations in areaswith variablewater flow.

ÅAdministrativeproceduresrelatedto water use.

IȅŘǊƻǇƻǿŜǊƛƴ !ƎǊƛŎǳƭǘǳǊŜ
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Renewable Energies
Hydropowerin Agriculture

Casestudy: Microturbine irrigation systemin Binéfar(Spain, 2021)

Credit: cingral.com

Water enters the turbine station through the suction manifold (5),
from whereit is directedto eachof the two turbines(1), causingthem
to rotate. The water then exits through the turbine discharge
manifolds(2) andflows throughthe chamberinto reservoir3, whichis
the lower reservoirusedto irrigate the areawith excesspressure.
The rotation generated by the turbines mechanicallydrives the
pumpingequipment(3), whichdrawswater from the suctionmanifold
and pushesit through the dischargemanifold (6) into reservoir1, the
elevatedreservoirsupplyingthe areawith pressuredeficit.
Thehydraulicunits (4) adjust the turbine distributor to placeit at the
point of maximumefficiency.
The by-pass (7) allows the Irrigation Community to channel water
directly into reservoir3 without passingthroughthe turbines.
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Renewable Energies

IȅŘǊƻƎŜƴƛǎƴƻǘŀǇǊƛƳŀǊȅŜƴŜǊƎȅǎƻǳǊŎŜΣōǳǘǊŀǘƘŜǊŀƴŜƴŜǊƎȅŎŀǊǊƛŜǊǘƘŀǘŀƭƭƻǿǎŜƴŜǊƎȅ
ƎŜƴŜǊŀǘŜŘŦǊƻƳƻǘƘŜǊǎƻǳǊŎŜǎόǊŜƴŜǿŀōƭŜƻǊŦƻǎǎƛƭύǘƻōŜǎǘƻǊŜŘΣǘǊŀƴǎǇƻǊǘŜŘΣŀƴŘǳǎŜŘΦLǘǎ
ŜƴŜǊƎȅǳǎŜƛǎōŀǎŜŘƻƴƛǘǎƘƛƎƘŜƴŜǊƎȅŘŜƴǎƛǘȅǇŜǊǳƴƛǘƻŦƳŀǎǎόҒмнлaWκƪƎΣŀōƻǳǘǘƘǊŜŜ
ǘƛƳŜǎǘƘŀǘƻŦƎŀǎƻƭƛƴŜύΦ

Hydrogen

Hydrogencanbe obtainedthroughvariousmethods,the most relevantbeing:

ÅWater electrolysis: separationofIіandhіusingelectricity. If the electricitycomesfrom
renewablesources,it iscalledgreenhydrogen.

ÅNatural gasreforming: the most commonmethod, but it emits/hі(grey hydrogen,or
bluehydrogenif carboncaptureisapplied).

ÅBiomassgasification: analternativewith potential in rural environments.
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Renewable Energies

ElectrolysisseparateswaterόIіhύinto hydrogenόIіύandoxygenόhіύby applyingelectricity.

If this electricity comes from renewable sources, green hydrogen is obtained: clean and emission-
free.

Hydrogen

Credit: OvejeroNoticias.cl

wŜŀŎǘƛƻƴΥ   нIн hҌŜƭŜŎǘǊƛŎƛǘȅнIнҌhн

{ȅǎǘŜƳŎƻƳǇƻƴŜƴǘǎΥ

ÅwŜƴŜǿŀōƭŜǎƻǳǊŎŜΥǎƻƭŀǊΣǿƛƴŘΣƻǊƘȅŘǊƻǇƻǿŜǊΦ

Å9ƭŜŎǘǊƻƭȅȊŜǊΥŎƻƴǾŜǊǘǎŜƭŜŎǘǊƛŎƛǘȅƛƴǘƻIіΦ

Å{ǘƻǊŀƎŜΥƘȅŘǊƻƎŜƴƛǎŎƻƳǇǊŜǎǎŜŘƻǊƭƛǉǳŜŦƛŜŘŦƻǊ
ƭŀǘŜǊǳǎŜΦ
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Renewable Energies
Hydrogen

There are interactive maps that display
hydrogeninfrastructure projects, as well as
their developmentthroughto 2050.

On the website shown, the projects are
divided into six categories, including
transmission pipelines, distribution
pipelines, terminals and ports, storage
facilities,as well as demandand production
projects.

Thesetypes of web applicationsallow users
to visualizethe impactofIіprojects.

Credit: h2inframap.eu
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Renewable Energies

Energyvectorproducedthroughwater electrolysisusingelectricityfrom renewablesources.

Agriculturalapplications:

ÅTractorsandmachinerypoweredby fuel cells.

ÅProductionof greenfertilizers(ammoniafromIіύ.

ÅSeasonalstorageof renewableenergyin isolatedareas.

ÅIntegrationinto rural energycommunities.

Outlook:

ÅA long-term solutionto decarbonizeusesthat aredifficult to electrify.

ÅIts developmentdependson costreductionandinfrastructureexpansion.

DǊŜŜƴ IȅŘǊƻƎŜƴƛƴ !ƎǊƛŎǳƭǘǳǊŜ
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Renewable Energies

Operation& Maintenance:

ÅRequiresdeionizedwater andprecisecontrolof temperatureandpressurein electrolyzers.

ÅContinuousmonitoringby sensorsfor pressure,leaks,andtemperature.

ÅMonthly inspection cycles and preventive maintenanceof membranes,valves, and electronic
components.

ÅStoragetanksrequirefire protectionandsafeventilation.

ÅInfrastructureisstill costlybut evolvingrapidlyin termsof technology.

Challengesandbarriers:

ÅHighproductioncostcomparedto conventionalalternatives.

ÅRequiresaccessto cheapandabundantrenewableenergy.

ÅDistributionandstorageinfrastructureisstill underdevelopment.

ÅNeedfor clearregulationsandinstitutionalsupport.

Green Hydrogenin Agriculture
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Renewable Energies

Casestudy: H2AgrarPilot ProjectςHydrogen-PoweredTractors

Green Hydrogenin Agriculture

Å5ŜǾŜƭƻǇƳŜƴǘƻŦƘȅŘǊƻƎŜƴπǇƻǿŜǊŜŘǘǊŀŎǘƻǊǇǊƻǘƻǘȅǇŜǎǳǎƛƴƎŦǳŜƭ
ŎŜƭƭǎΦ

Å¢ƘŜ5[DόDŜǊƳŀƴ!ƎǊƛŎǳƭǘǳǊŀƭ{ƻŎƛŜǘȅύƘŀǎǊŜŎƻƎƴƛȊŜŘǘƘƛǎǇƛƻƴŜŜǊƛƴƎ
ǇǊƻƧŜŎǘŀǎǘƘŜōŜǎǘƛƴǘƘŜ5[D!ƎǊƛŦǳǘǳǊŜ/ƻƴŎŜǇǘ!ǿŀǊŘнлннΦ

ÅDǊŜŜƴƘȅŘǊƻƎŜƴƛǎǇǊƻŘǳŎŜŘǿƛǘƘǘƘŜƘŜƭǇƻŦǊŜƴŜǿŀōƭŜŜƴŜǊƎȅŦǊƻƳ
ŀƭƻŎŀƭǿƛƴŘŦŀǊƳΦ

Å{ŜǾŜǊŀƭǇǊƻǘƻǘȅǇŜǎŀǊŜōŜƛƴƎǳǎŜŘƻƴŦŀǊƳǎǘƻŜǎǘŀōƭƛǎƘŀƘȅŘǊƻƎŜƴ
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜŦƻǊŀƎǊƛŎǳƭǘǳǊŜƛƴǘƘŜ9ƳǎƭŀƴŘǊŜƎƛƻƴΣDŜǊƳŀƴȅΦ

Å!ǎǇŀǊǘƻŦǘƘŜǇǊƻƧŜŎǘΣǘƘŜƘȅŘǊƻƎŜƴŎƻƴǎǳƳǇǘƛƻƴƻŦǘƘŜǘǊŀŎǘƻǊǎŀƴŘ
ǘƘŜǘŜŎƘƴƛŎŀƭǊŜǉǳƛǊŜƳŜƴǘǎŦƻǊŀǎǳƛǘŀōƭŜƘȅŘǊƻƎŜƴƛƴŦǊŀǎǘǊǳŎǘǳǊŜƛƴ
ŀƎǊƛŎǳƭǘǳǊŜǿƛƭƭōŜŘŜǘŜǊƳƛƴŜŘΦ

Credit: fendt.com
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Renewable Energies

Photovoltaic solar energyis a power generation technology that converts solar 
radiation directly into direct current (DC) electricityusing semiconductor 
devicesthat harness the photovoltaic effect.

PhotovoltaicSolar Energy

ÅThe photoelectric effect occurs when a photon (a 
light particle) strikes a photovoltaic cell made of 
silicon (or another semiconductor material), 
releasing electronsfrom the material.

ÅThis generates an electric potential difference, 
producing a direct current (DC).

PhotoelectriceffectCredit: StudySmarter
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wŜƴŜǿŀōƭŜ 9ƴŜǊƎƛŜǎ

The most important resource for generating this energy is solar irradiance(W/m²): the amount of 
available radiation.

Generation also depends on the tilt angle of the modules, shading, temperature, and the system 
performance.

Solar irradiance depends on weather, air pollution, latitude, season of the year, and time of day.

PhotovoltaicSolar Energy

Global Horizontal Irradiance. Credit: https://globalsolaratlas.info 
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Renewable Energies

Photovoltaicmodulescanbe installedon agriculturalland,both on the groundandon rooftops.

Photovoltaic Solar Energy in Agriculture

!ǇǇƭƛŎŀǘƛƻƴǎΥ

Å{ƻƭŀǊ ǇǳƳǇƛƴƎ ŦƻǊ ƛǊǊƛƎŀǘƛƻƴǳǎŜǎ ǇƘƻǘƻǾƻƭǘŀƛŎ ŜƴŜǊƎȅ ǘƻ 
ŜȄǘǊŀŎǘ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ǿŀǘŜǊΣ ŀƭƭƻǿƛƴƎ ŎǊƻǇǎ ǘƻ ōŜ ƛǊǊƛƎŀǘŜŘ 
ǎǳǎǘŀƛƴŀōƭȅ ŀƴŘ ŜŦŦƛŎƛŜƴǘƭȅ ǿƛǘƘƻǳǘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ ƻǊ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ

Å{ŜƭŦπŎƻƴǎǳƳǇǘƛƻƴŦƻǊ ŎƭƛƳŀǘŜ ŎƻƴǘǊƻƭΣ ƭƛƎƘǘƛƴƎΣ ƳŀŎƘƛƴŜǊȅΣ 
ŀƴŘ ǊŜŦǊƛƎŜǊŀǘƛƻƴΦ

Å!ƎǊƛǾƻƭǘŀƛŎǎƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŎƻƳōƛƴŜǎ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴ 
ǘƘǊƻǳƎƘ ǇƘƻǘƻǾƻƭǘŀƛŎ ƳƻŘǳƭŜǎ ǿƛǘƘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛƻƴ 
ƻƴ ǘƘŜ ǎŀƳŜ ƭŀƴŘΣ ƻǇǘƛƳƛȊƛƴƎ ƭŀƴŘ ǳǎŜ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ōƻǘƘ 
ŜƴŜǊƎȅ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŜŦŦƛŎƛŜƴŎȅΦCredit: RoxaneBruhwylerςLiègeuniversité
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Renewable Energies

Considerations:

ÅRequires good direct and diffuse radiation.

ÅBest utilized in areas with high solar radiation and low cloudiness.

ÅPrior evaluation of the solar resource using historical data or meteorological stations is key to system 
sizing.

ÅCompatible with fixed and mobile installations.

ÅThe orientation and tilt of the modules matter, as well as shading from trees, buildings, or terrain.

Operation & Maintenance:

ÅRegular cleaning of panels (every 1ς3 months) to maintain efficiency.

ÅInspection of electrical connections, support structures, and grounding systems.

ÅInverter and battery checks (if applicable) every 6ς12 months.

ÅEstimated lifespan: 25 to 30 years for modules; 10 to 15 years for inverters, with replacement possible.

Photovoltaic Solar Energy in Agriculture
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Renewable Energies

Challenges and barriers:

ÅHigh initial investment, especially for systems with storage (batteries) or elevated 
agrivoltaicstructures.

ÅVariability of solar radiation depending on the time of year, cloudiness, and local weather 
(though predictable).

ÅNeed for shadow-free space to maximize production, which may limit site selection.

ÅAccumulation of dust, dirt, or animal waste in agricultural areas may reduce performance 
if frequent cleaning is not done.

ÅDependence on specialized technical support for design, installation, and maintenance.

ÅPossible administrative barriers or permit requirements, especially in protected 
agricultural soils or restricted rural areas.

tƘƻǘƻǾƻƭǘŀƛŎ {ƻƭŀǊ 9ƴŜǊƎȅ ƛƴ !ƎǊƛŎǳƭǘǳǊŜ
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Renewable Energies

ÅAgrivoltaic Project: Structures with mobile solar panels
installed over crops (vineyards, vegetables), which
automatically adjust their tilt to simultaneouslyoptimize
electricity production and agronomic conditions (partial
shading,thermalcontrol).

ÅAgriculturalUse: Improveswater-useefficiencyin areaswith
thermal stress and seasonaldrought; crops benefit from
reducedevaporationandbetter microclimateconditions.

ÅImpact: Reduceswater consumptionby up to 30% in some
crops, while maintaining or improving agricultural yield
under extremeclimaticconditions. Additionally,it allowsfor
renewableenergygenerationwithout net lossof cultivable
surface.

Photovoltaic Solar Energy in Agriculture

Casestudy: PhotovoltaicProjectά{ǳƴΩ!ƎǊƛέςFrance

Agrivoltaicfacility. Credit: sunagri.fr
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Renewable Energies

.ƛƻƳŀǎǎŜƴŜǊƎȅƛǎƻōǘŀƛƴŜŘŦǊƻƳǘƘŜŎƻƳōǳǎǘƛƻƴ
ƻŦƻǊƎŀƴƛŎƳŀǘǘŜǊόŀƎǊƛŎǳƭǘǳǊŀƭŀƴŘŦƻǊŜǎǘǊȅǿŀǎǘŜΣ
ƳŀƴǳǊŜΣǇǊǳƴƛƴƎǿŀǎǘŜΣŜǘŎΦύΦ

.ƛƻƎŀǎŜƴŜǊƎȅƛǎǇǊƻŘǳŎŜŘōȅƛƴǘǊƻŘǳŎƛƴƎƻǊƎŀƴƛŎ
ǿŀǎǘŜόƳŀƴǳǊŜΣǎƭǳǊǊȅΣǾŜƎŜǘŀōƭŜǿŀǎǘŜύƛƴǘƻŀ
ƘŜǊƳŜǘƛŎŘƛƎŜǎǘŜǊǘƘŀǘŀƭƭƻǿǎƳƛŎǊƻƻǊƎŀƴƛǎƳǎǘƻ
ŘŜŎƻƳǇƻǎŜǘƘŜƳŀǘǘŜǊƛƴǘƘŜŀōǎŜƴŎŜƻŦƻȄȅƎŜƴ
ŀƴŘǇǊƻŘǳŎŜōƛƻƎŀǎΣǿƘƛŎƘƛǎǘƘŜƴōǳǊƴŜŘƛƴŀƴ
ƛƴǘŜǊƴŀƭŎƻƳōǳǎǘƛƻƴŜƴƎƛƴŜΦ

Biomassand BiogasEnergy

Biogas plant. Credit: host-bioenergy
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Renewable Energies

ÅThe most important resourcefor generating this energy is the 
available biomass: agricultural waste, manure, harvest residues, 
prunings, energy crops, or agro-industrial byproducts.

ÅEnergy generationalso depends on the type of biomass, its 
energy content (calorific value), moisture content, conversion 
method (combustion, anaerobic digestion, gasification), and 
system efficiency.

ÅThe availability of the resourcedepends on the seasonality of 
crops,the type of agricultural exploitation, waste management, 
collection and storage logistics, and climatic conditions that affect 
plant or animal production.

Biomassand BiogasEnergy
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Renewable Energies
Biomassand BiogasEnergy

Biomass and biogas energy facilities can be integrated into agricultural and livestock farms, using their own waste to 
generate thermal and/or electrical energy.

Main Applications:
Å Biogas generation via anaerobic digestion: Use of manure, slurry, crop residues, and agro-industrial byproducts 

to produce biogas, which can be used in boilers, engines, or microturbines for energy self-consumption or grid 
injection.

Å Thermal and electrical self-consumption: Use of biogas or solid biomass (pellets, chips, straw) for greenhouse 
heating, crop drying, hot water production, electricity generation for machinery, lighting, or refrigeration.

Å Circular economy in farming: Reduction of organic waste, production of organic fertilizers (digestate), and 
reduced energy costs through the energy recovery of agricultural and livestock byproducts.
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Renewable Energies

Considerations:

ÅRequires availability of biomass (manure, harvest residues, prunings, etc.) either consistently or seasonally.

ÅMore efficient on farms with high production of organic waste.

ÅIt is essential to evaluate the quantity, type, and moisture content of the biomass before installation.

ÅModular installations, adaptable to different farm sizes.

ÅThe location should facilitate the supply of raw materials and proximity for energy use.

Operation & Maintenance:

ÅRegular cleaning and monitoring of the digester or boiler.

ÅInspection of engines, valves, burners, and safety systems.

ÅMonitoring of parameters such as pressure, temperature, and mixing.

ÅProper management of digestateor ashes as agricultural byproducts.

ÅEstimated useful life: 15ς20 years with regular maintenance.

Biomass and Biogas Energy in Agriculture
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Renewable Energies

Challenges and barriers:

ÅHigh initial investment, especially for biogas systems with electricity generation and 
automated control.

ÅRequires a constant and sufficient biomass supply, which may limit feasibility on small 
farms.

ÅComplex logistics: storage, transportation, and handling of organic waste.

ÅNeed for qualified technical staff for safe and efficient operation.

ÅOdors, emissions, or digestatemanagement may cause social rejection or require 
mitigation measures.

ÅPossible administrative obstacles (environmental, health, or land-use permits), especially 
in protected areas or near urban centers.

Biomass and Biogas Energy in Agriculture
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Renewable Energies

ÅAgro-Livestock Project: a collective biogas plant located in
Martigné-Ferchaud,in the Brittany regionof France. It is owned
by three livestockfarms: two dairyandonepig farm.

ÅAgricultural use: The plant processes slurry and manure
generated by the associatedfarms to produce electricity and
heat. Theelectricitygeneratedis injectedinto the grid,while the
heat isusedto dry alfalfagrownon the samefarms.

ÅImpact: Electricity supply for approximately1,000 households,
reductionof greenhousegasemissionsby treating organicwaste
on-site, production of organic fertilizers from digestate, and
promotionof collaborationamongfarmers.

Biomass and Biogas Energy in Agriculture

Casestudy: BiogasPlantάMétha-FerchaudέςFrance

Biogas Plant. Credit: campogalego.es
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Renewable Energies

Self-Consumption Energy is the use of renewable sources to generate and consume energy in the same 
place where it is needed.

In this way, dependence on the electricity or gas gridis avoided or reduced.

Energy can be consumed immediately or storedόǳǎƛƴƎ ōŀǘǘŜǊƛŜǎΣ Ƙƻǘ ǿŀǘŜǊΧύΦ

Emissionsand environmental footprint are reduced.

Thereare two types:

ÅSelf-consumption without surplus:all the energy 
generated is consumed.

ÅSelf-consumption with surplus:unused energy is 
injected into the grid.

Credit: energynetworks.com.au

Self-ConsumptionEnergy 



www.harvrest.eu

Expected growth of rooftop 
photovoltaic. Credit: Solar Power 
Europe

Credit: Irena

Renewable Energies
Self-ConsumptionEnergy in Figures
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Renewable Energies

ÅPromotes universal access to clean energy.

ÅEncourages the use of solar, wind, biogas, and biomasssources in 
rural areas.

ÅFacilitates technologies for irrigation, storage, and food processing.

ÅFEADER and FEAGA support for financing renewable energy 
infrastructure, energy efficiency projects in agricultural facilities, or 
the implementation of sustainable practices.

ÅCalls for the ǳǊƎŜƴǘ ǊŜŘǳŎǘƛƻƴ ƻŦ /hі ŜƳƛǎǎƛƻƴǎΦ

ÅPromoteslow-carbonagriculturalpractices. 

ÅSupportsclimateresiliencein agriculture. 

EuropeanPolicy2030
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Hybridization and Agro 
Virtual Power Plant (AVPP)
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Energy hybridizationin agriculturalenvironments

What is energyhybridization?

It is the combination of multiple energy generation and/or
storagetechnologies(e.g., solar,wind, batteries,hydrogen,etc.)
to optimize energy supply in a reliable, cost-effective, and
sustainableway.

Applicationin agriculture:

ÅAgrivoltaics: Solar panels installed above crops to produce 
energy without losing productive land.

ÅHybrid solar pumping: Combination of solar power with 
batteries or grid connection to ensure water availability.

ÅEnergy storage: To meet demand during periods without sun 
or wind.

ÅElectrification of consumption: Replacement of fossil-fuel 
machinery with electric alternatives (tractors, irrigation 
systems, etc.).

Key advantages:

ÅReduction of carbon footprint

ÅGreater energy independence

ÅImproved profitability and resilience of 
the sector
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Energy hybridization + Agrivoltaics: typologies

ÅSolar

ÅWind

ÅHydro

ÅBESS  

ÅPumpedHydro

ÅStandalone

ÅPurchase

ÅPurchase+ Sale 

ÅConsumption

ÅFlexible Loads

ÅAgrivoltaics

ÅAgriculture

ÅLivestockfarming

GRID
LOAD

AGRO

STORAGE

RES
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HybridizationςWind and PV

Wind and photovoltaic energy complement each other
effectivelyin hybridizationschemes.

On a daily basis,photovoltaic generation is concentrated
duringthe centralhoursof the day,while wind energyhasa
more consistent presence during the night and early
morning.

Onanannualbasis,solarenergyreachesits peakduringthe
spring and summer months, when wind energy typically
decreases,while wind energy increasesits production in
autumnandwinter, whensolarradiationis lower.

Thistemporal complementarityallowsfor a more balanced
and continuous production of renewable energy
throughoutthe dayandthe year.

Credit: APPA Renovables
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HybridizationςSolar + BESS

Credit: MaximKulikA1SOLARSTORE

https://a1solarstore.com/blog/backup-plan-best-solar-batteries.html
https://a1solarstore.com/blog/backup-plan-best-solar-batteries.html
https://a1solarstore.com/blog/backup-plan-best-solar-batteries.html
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HybridizationςCase study

ÅCasde PedroFarm(Lugo)hasan off-grid hybrid self-
consumptioninstallationcombiningphotovoltaicand
wind energy, with an installedphotovoltaiccapacity
of 35.28 kWp, consisting of a total of 98 solar
modulesand2 Bornaywind turbinesof 5 kWeach.

ÅThe system is complementedby a battery storage
capacityof 52,320kWh.

ÅThanksto this off-grid self-consumptioninstallation,
the owner achievesan annualenergyproduction of
64,131 kWh from 100%renewablesources,which is
equivalent to a reduction of nearly 26 tons of /hі
emissionsper year.

Credit: Instalación autoconsumo híbrida aislada Granja Cas de 
Pedro - EiDFSolar

https://www.eidfsolar.es/proyectos/autoconsumo-hibrido-fotovoltaico-eolico-granja-cas-de-pedro/
https://www.eidfsolar.es/proyectos/autoconsumo-hibrido-fotovoltaico-eolico-granja-cas-de-pedro/
https://www.eidfsolar.es/proyectos/autoconsumo-hibrido-fotovoltaico-eolico-granja-cas-de-pedro/
https://www.eidfsolar.es/proyectos/autoconsumo-hibrido-fotovoltaico-eolico-granja-cas-de-pedro/
https://www.eidfsolar.es/proyectos/autoconsumo-hibrido-fotovoltaico-eolico-granja-cas-de-pedro/
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Agro Virtual Power PlantςAVPP

Definition:

TheAVPPis a digital platform for energysimulation
and management in agricultural operations that
integratesdifferent sourcesof generation,storage,
anddemand,simulatingtheir combinedbehavioras
if they werea singlevirtual powerplant.

Objectives:

ÅEvaluate the technical and economic viability of 
hybrid projects.

ÅIdentify optimal configurations for each 
operation.

ÅMaximize flexibility and energy efficiency.

ÅSupport informedinvestmentdecisions.

Key components of the AVPP:

ÅEnergy modeling: Consumption, 
generation, storage, prices, etc.

ÅHourly simulation: Calculation of energy 
flows based on real or simulated data.

ÅOptimization: Algorithms to find the best 
configuration

ÅEconomic analysis: Return on investment, 
LCOE, energy savings.
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Technological integrations included in the AVPP 

Generationsources:

ÅConventional and agrivoltaicsolar PV

ÅSmall-scale wind

ÅBiogas

ÅHydropower

Storage:

ÅBatteryEnergy Storage Systems

Flexibility:

ÅControllableloads(irrigation, ventilation, climate
control, electricvehicles)

Strategic advantages of the AVPP:

Advantage Descripction

Scalability
It can be applied from small farms 
to agricultural cooperatives.

Diigitalization
It promotes the use of smart tools in 
rural areas.

Energy efficiency
Reduction of losses and better 
utilization of resources.

Sustainability
It contributes to the European 
climate goals.

Costs optimization
It helps reduce energy costs with 
customized solutions.
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AVPP ςUse Cases

Thermo-electric 
energy 

management 
system

Agrivoltaics
(AgroPV)

Electrical 
management 

system 
(Electrification + 

flexibility)

Biogas

Performance 
optimization of the 

generation/transmission 
system with thermal and 

electrical loads.

Integration of 
photovoltaic modules in 
agriculture to combine 
agricultural production 

and clean energy 
generation on the same 

land.

Investment in replacing 
fossil fuel equipment 

with electric equipment 
and optimization of the 
ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳΩǎ 

performance.

Study and potential 
of biogas.

Norway VRT and Italy VdV, Italy and VRT Sorigué
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Decision Support System 
(DSS) and Multi-Criteria 
Decision Analysis (MCDA) 
A Strategic Approach to Renewable Energy 
Investments in Agriculture 
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Agro-community stakeholders face complex decisions when considering
investmentsin RES

Evaluatingvariousgeneration,storage,and demandoptions,alongwith economic
andtechnicalviability,canbedaunting

There'sa need to identify optimal configurationsand maximiseenergyefficiency
for specificagriculturaloperations

HarvREStaddressesthis by developingtools that support informed, data-driven
investmentdecisionsfor agro-communitymembers

Navigating Renewable Energy Investments
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TheHarvREStproject shalldevelopa specialisedDecisionSupportSystem(DSS)to
aid in strategicplanningfor RESintegration

ThisDSSblendsrenewableenergygenerationforecastsandoptimisationtools from
earlierprojectwork with farm-specificconstraints

Its corepurposeis to guideoptimalRESchoicesandsystemsizingon farms

The aim is to reduce the uncertainty and complexity farmers face in long-term
energy investment decisions,providing a transparent tool that aligns with EU
climategoals

HarvRESt'sDecision Support System (DSS)
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CoreMethodology: TheHarvREStDSSshallutiliseeMulti-CriteriaDecisionAnalysis
(MCDA)to evaluatevariousscenariosfor RESadoption

HolisticEvaluation: MCDAallowsthe DSSto considerandbalancetrade-offs across
environmental,economic,andtechnicaldimensions,within a unifieddecisiontool

Hybrid Modelling: Thesystemshallcombineenergyforecastingresults,local farm
constraints(like size,energyneeds,regulatory limits), and optimisationstrategies
to generatetailoredrecommendations

User-CenteredDesign: The tool is being developedwith practical application in
mind,enablingagro-communitymembersto input relevantparametersandreceive
clear,actionableinsightsfor optimalsizinganddeploymentof RES

How it Works: Multi-Criteria Decision Analysis (MCDA)
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Data-Informed Investment: Helpsagro-communitiesmake data-informed investmentdecisionsin
RES

Unified Criteria: Incorporatessustainability,technical,and economicdimensionsinto one unified
decisiontool

Optimised Infrastructure: Supports optimised sizing and deployment of RESinfrastructure in
agriculturalsystems

Scalability: Applicablefrom smallfarmsto largeagriculturalcooperatives

Digitalisation: Promotesthe useof smarttools in rural areas

Sustainability: Directlycontributesto EUclimategoals

CostOptimisation: Helpsreduceenergycoststhroughcustomisedsolutions

Key Benefits & Strategic Advantages
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Capacity Building Material
Environmental & Sustainability module

BETA
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1. Introduction

1.1 Objectives of the Module

1.2 Global Environmental Challenges 

1.3 Why do we study Environmental Impacts of RES?
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Objectiveof HarvRest:

Develop innovative solutions to decarbonize the
agriculturalsector through the useof renewableenergies,
electrification,andadvanceddigital tools.

Objectiveof this training module:

ÅUnderstandthe environmentalbenefits of using RESin
agriculture

ÅRecognizethe potentialnegativeimpactsandtrade-offs

ÅIdentifyopportunitiesfor sustainabledeploymentof RES

1.1 Objectives of the Module
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ÅClimate Change: Agriculture both contributes to and is affected by GHG emissions

ÅResource Depletion: Fossil fuel dependence strains ecosystems

ÅPollution: Air, water, and soil degradation linked to traditional energy sources

ÅBiodiversity Loss: Deforestation and habitat destruction from unsustainable energy use

Renewable energy in agriculture = part of the solutionto these global challenges.

1.2 Global Environmental Challenges 
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ÅAgriculture is highly dependent on natural resources (soil, water, biodiversity)

ÅEnergy use in farming has major environmental consequences

ÅTransitioning to RES can:

V Reduce greenhouse gas emissions

V Protect ecosystems and biodiversity

V Improve long-term sustainability of farming systems

1.3 Why do we study environmental impacts of RES?
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2. Sustainability of Renewable Energy Systems

2.1 Environmental rationale for RES 

2.2 RES and Agriculture

2.3 RES as a Driver of Sustainability
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ÅRES: energy systems that rely on naturally replenished sources

ÅSolar, wind, hydropower, biomass

ÅProvide clean alternativesto fossil fuels

ÅPlay a central role in addressing climate, energy, and sustainability challenges

ÅReduce greenhousegas (GHG) emissions

ÅMinimizeair, water, and soilpollution

ÅEnablea transition to a circular economy

2.1 Environmental rationale for RES 
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ÅAgriculture is both a contributor to environmental problems (emissions,
deforestation,waste)anda sectorhighlyimpactedby them

ÅRESprovideopportunitiesfor:

ÅCleanerirrigation,transportandprocessing

ÅWastereduction

ÅReducedlanddegradation

ÅAgriculturebecomesa test casefor demonstratingw9{Ωǎenvironmentalvalue

2.2 RES and Agriculture
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ÅIntegratesenergy, environment, and socio-economicsystems

ÅContributesto:

ÅClimatechangemitigation

ÅResourceefficiency(energy, water, biomass)

ÅEcosystemprotection (air, soil, biodiversity)

ÅFoundationfor a sustainableenergytransition in rural and urbancontext

2.3 RES as a Driver of Sustainability
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3. Positive environmental impacts

3.1 Climate Change Mitigation 

3.2 Biodiversity protection

3.3 Soil healthand fertility

3.4 WasteManagement & Circular Economy

3.5 Improved air quality

3.6 Water resource management
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Clean energy as a driver of environmental sustainability
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3.1- Climate Change Mitigation (GHG Reductions)

73

ÅRESreplacefossilfuelsҦ lower/hіemissions
ÅDecentralizedenergyreducestransmissionlosses
ÅSupports climate-smart agriculture and
sustainablefood systems

Theair movementfrom turbinesdown to the soil
enhances carbon dioxide availability for
photosynthesis and increases sunlight
penetration in densecrop canopies. Largewind
turbines can modify local wind patterns,
impactingmicroclimates.
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3.2 BiodiversityProtection

ωLessdeforestationҦ habitatpreservation

ωReducedfossilfuel extractionҦ lower ecosystem
disruption

ωRenewablelandscapescan coexistwith agriculture
and nature

E.g.: The land beneath and around solar panels 
can be managed to foster biodiversity. For 
example, creating pollinator habitats under 
solar arrays
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3.3 Soil and plantHealth

ÅBiogasturnsorganicwasteinto energy+ biobasedfertilizer
(digestate)

ÅReduceddeforestation= lesslanddegradation

Fruit and specialty crops that are being increasingly
damagedby hail, wind erosion, frost and drought can
also benefit from the protection offered by the PV
modules, which partially cover the crops. Also, using
solartrackingPVsystemshelp to optimizethe available
light for crops.

Turbinescreate intermittent shadeon cropsthat can be benefitial. Wind turbines
help reducedew on crops, loweringthe riskof diseases.
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3.4 WasteManagement & Circular Economy

ωAgriculturalresiduesҦ bioenergyinsteadof
burning

ωManuredigestionҦ providesenergyand 
fertilizers

Circular economy in farming: Reduction of
organicwaste, production of organic fertilizers
(digestate), and reducedenergycosts through
the energyrecoveryof agriculturalandlivestock
byproducts.
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ÅNo particulateemissionsfrom solar, wind, hydro
ÅReplacingdieselgeneratorsreduces, NOxΣ {hі
ÅManureanaerobicdigestionto produce biogasreduces methaneemissions

3.5 Improved air quality

The airflow from the blades can
enhance ventilation, benefiting
certain crops and reducing
humidity-relateddiseases
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ωSolar irrigation reduces risk of diesel
contaminationin water bodies
ωBiogas digesters minimize slurry discharge into
rivers
ωThe liquid fraction of digestate can be use as
fertirrigation

3.6 water resource management

Agri-PVs can help create an improved
microclimate by offering shade and reducing
evaporation, which helps to preserve soil
moisture and can end reducing irrigation
demandby up to 20percent.
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4. Potential Negative Environmental Impacts

4.1 LandUse Conflicts

4.2 Resource-Intensive Manufacturing

4.3 Wasteand DisposalChallenges

4.4 Impacts on Wildlife and Ecosystems

4.5 ManagingTrade-offs
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4.1- Land use conflicts and effect on soil

80

ωLargesolar farms may competewith agricultural
land
ωWindfarmsrequiresignificantlandfootprints
ωPotentialhabitat fragmentation
ωBiogasproduction can require large amounts of
feedstock Ҧ land & water demand and
competitionwith food production
ωThe presenceof heavy infrastructure and heavy
constructionmachinerycancausesoil compaction,
whichmaynegativelyaffectsoilhealth
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4.2 Resource-Intensive Manufacturing

ωSolarpanels,wind turbines,andbatteriesrequire rare earth metalsand intensive
mining
ωRiskof shiftingenvironmentalburdensomewhereelse
ωHighenergyinput duringproduction
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4.3 Waste and Disposal Challenges 

ÅEnd-of-life solar panels, batteries, and turbine blades 

ÅRecycling technologies not yet widely available

ÅRisk of soil and water contamination from improper disposal

ÅHigh amounts of digestates to be disposed 
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4.4 Impacts on Wildlife and Ecosystems

ωWindǘǳǊōƛƴŜǎ Ҧ bird & bat mortality

ωHydropowerdamsҦ disrupt fishmigrationand aquatic
ecosystems

ω{ŜŘƛƳŜƴǘ ǘǊŀǇǇƛƴƎ ŦǊƻƳ ƘȅŘǊƻǇƻǿŜǊ ŘŀƳǎ Ҧ ǊŜŘǳŎŜǎ ǎƻƛƭ 
fertility downstream

ωSolar farmsҦ habitat lossfor native species

ÅTurbines, transformers, and transmissionlinesgenerate
Electromagneticfields that mayaffectsoil life, microbes, fungi, 
earthworms, and grazinganimals. 
ωChangesin airflow and humidity from wind turbines could
disruptcloudformationand precipitationpatterns
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ÅNeed for environmental impact assessments (EIA) before projects
ÅThereal footprint of wind installationsshouldincludeaccessroadsand 
infrastructure. 
ÅFocus on sustainable siting and life-cycle management
ÅCircular economy: recycling and reuse of components
ÅPolicy regulation of digestate application
ÅIntegrated planning to balance energy, food, and ecosystem needs

4.5 Managing Trade-offs
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Environmetalimpact Agricultural impact
RES Technology Positive Negative Positive Negative 

Hydropower
Low GHG emissions; water 
storage for multiple uses; 
supports off-grid

Alters river flow and 
aquatic ecosystems; 
sediment trapping; habitat

Reliable irrigation; 
multipurpose reservoirs; 
supports water and 
energy

Downstream water 
reduction; waterlogging 
or flood risk; possible 
land

Solar PV
Reduces GHG emissions; 
land under panels can retain 
moisture and biodiversity

Land occupation; habitat 
fragmentation; heat island 
effects in dry

Dual land use (agriPV); 
improved microclimate 
and soil moisture

Shading may reduce 
yield (depending on 
crop); compaction from 
panel

Wind Energy
Clean electricity; low water 
use; minimal emissions 
during operation

Bird and bat collisions; 
noise pollution; landscape 
alteration

Powers farm equipment; 
minimal land footprint if 
placed on margins

Noise may affect 
livestock; access 
restrictions during 
installation

Biogas

GHG mitigation from 
methane capture; promotes 
waste circularity; reduces 
odours

Risk of nutrient runoff; 
odours if mismanaged; 
localised air and water 
quality reduction

Fertiliser substitution 
(digestate); on-site 
energy for heat/electricity

Digestate 
overapplication risks 
soil and water pollution; 
requires
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5. Biogas and digestate: Case study and evidences

5.1 Biomas and Biogasenergy

5.2 Diferencesbetweenorganic, syntheticand biobasedfertilizers

5.3 TheCatalanUse Case

5.4 How to analyze the impact of biobased fertilizers
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5.1 Biomassand BiogasEnergy
Biomassenergy is obtained from the combustion of organic matter (agriculturaland forestry waste,
manure,pruningwaste,etc.). Biogasenergy is producedby introducingorganicwaste (manure,slurry,
vegetablewaste) into a hermetic digester that allowsmicroorganismsto decomposethe matter in the
absenceof oxygenandproducebiogas,whichis then burnedin an internalcombustionengine.
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Synthetic fertilizers are designed to provide crops with the nutrients 
that they need. They offer readily available nutrients that plants can 
quickly absorb through their roots, making them more efficient and 

requiring smaller volumes compared to organic alternatives

Organic Fertilizers: Organic fertilizers are derived from natural sources 
such as manure, plant residues, and bio-based materials. They also 

contribute to soil organic matter and improve soil structure, 
enhancing overall soil health and fertility. 

Biobased fertilizers are obtained through a physical, thermal/thermo-
chemical, chemical, and/or biological processes for the treatment of an 
organic waste stream that result into a change in composition due to a 

change in concentration of nutrients

5.2 Organic ςSynthetic - Biobased fertilizers
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Biobased fertilizers (mineral or organic)

Treatedmanure
Digestate
Sewagesludge
Wastewater
Bio waste
Biologicalbyproduct

9ƴŘπtǊƻŘǳŎǘǎ

{ǘǊǳǾƛǘŜ

±ƛǾƛŀƴƛǘŜ

YπǎǘǊǳǾƛǘŜ

tƘƻǎǇƘŀǘŜǎ

{ǘŀōƛƭƛǎŜŘǎƭǳŘƎŜ

/ƻƳǇƻǎǘ

5ƛƎŜǎǘŀǘŜ

tπǊƛŎƘŀǎƘŜǎ

!ƳƳƻƴƛǳƳ
ǎǳƭǇƘŀǘŜ

!ƳƳƻƴƛǳƳƴƛǘǊŀǘŜ

bϧY ŎƻƴŎŜƴǘǊŀǘŜ

Biobased
fertilisers

Ҧ

BiogasPlant Overview
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5.3 The Catalan use case: Noguera-Sorigué

To collect data from the biorefinery to 
model and optimisebiogas production 

from agro-residues

The fertiliserpotential of the nutrients 
recovered from the the digestate will be 

assessed

.ƛƻƎŀǎ ǇǊƻŘǳŎǘƛƻƴ ǳƴƛǘ ŎƻƴǎƛǎǘƛƴƎ 
ƻŦ п ŘƛƎŜǎǘŜǊǎ ǘƘŀǘ ǾŀƭƻǊƛǎŜŀƎǊƻπ
ǊŜǎƛŘǳŜǎ ŀƴŘ ǇǊƻŘǳŎŜ ŘƛƎŜǎǘŀǘŜǎ 

ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ

Crude 
digestate

Solid
fraction

Liquid 
fraction

Solid
fraction
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Experimental campaigns 

Different experimental activities will be carried out on an experimental campaign to achieve the objectives of the 

Catalan UC:

1. Agronomic assays will be performed under natural conditions in the field and controlled conditions in the 

laboratory through pot-tests using representative soil to analysethe capacity of the digestate for improving 

nutrient management, soil quality and crop yield and replace current mineral fertilizers in crops.

2. N release dynamics of the digestate will be assessed and compared with other similar fertilizers by soil incubation 

assays to determinate whether the product can be deemed as worthy substitute of current products in the 

market.

3. Nutrient losses will be evaluated through two approaches:

Å ŔƣƖċƣĲШƖĲƚŔĬƨĲƚШѼШũĲċĦőŔŰŊШƖŔƚťШƽŔũũШĤĲШċƚƚĲƚƚĲĬШĤǃШƣőĲШ
ĬĲƣĲƖůŔŰċƣŔŸŰШŸŉШ §Οр ШƖĲƚŔĬƨĲШŔŰШƣőĲШƚŔůƨũċƣĲĬШƚŸŔũШƓƖŸǯũĲШ
ыΜШтΦΜШĦůьШŔŰШƣőĲШƓŸƚƣрőċƖƻĲƚƣШƓĲƖŔŸĬЮ

Å]ċƚĲŸƨƚШĲůŔƚƚŔŸŰƚШŉƖŸůШĬŔŊĲƚƣċƣĲШƽŔũũШĤĲШĲƻċũƨċƣĲĬШĤǃШ
ĦċũĦƨũċƣŔŰŊШƣőĲШĲůŔƚƚŔŸŰШŸŉШċůůŸŰŔċШы cΟьШċŰĬШŊƖĲĲŰőŸƨƚĲШ
ŊċƚĲƚШы Ξ§ЯШ §ЯШċŰĬШ9§ΞьЮ
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Experimental campaigns 

Cebada: Nov-May

Maíz: May- Nov

Campo de regadío de doble 
cultivo
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Plant growth

Root and soil analyses

bǳǘǊƛǘƛƻƴŀƭ ǎǘŀǘǳǎ

Microbial analyses

5.4 How to analyze the impact of biobased fertilizers
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Soil incubations

Pot tests

Field trials


