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Pourpuse of the training

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

These modules refled¢t I NJJ ws9sfemi€uinderstanding of RES
uptake as not only a technological transition but a social and
organisationabne. By embedding training within broader
knowledge exchange network#inking farmers, cooperatives,
research institutions, and advisorthe project aims to create
conditions for inclusive, scalable, and contesénsitive
Innovation in the agricultural energy transition
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Technical module
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Policy Module

Business Module

Stakeholder Engagement & Market Research
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Context

Objectiveof HarvRest

A Developinnovative solutionsto decarbonizethe agriculturalsector through the
useof renewableenergiesglectrification,andadvancedligital tools.

Current Challenges in the Agricultural Sector:

A High energy costs.

A Dependence on fossil fuels.

A Need for sustainability and emission reduction
A Limited water resources.
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-What are renewable energies? e v il

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

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

-Energy settonsumptionEuropean policies
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Renewable Energies
What Are Renewable Energies?

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

A Unlike fossil fuels, their use doesnot generatenet greenhousegasemissionsor deplete
planetaryresources

A Theyare adaptableto variousscalesfrom domesticseltconsumptionto largeplants

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

HarvRESt 7 | e Buronsanunion  WWW.harvrest.eu

Greener Farmin g with RES




Renewable Energies

What Are Renewable Energies?
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e Residential

AHeating, domestic hot water, household electricity.

— Industrial
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Transport

ABiofuels, green hydrogen, electric vehicle charging.

Agricultural

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

Electric Grid

AEnergy injection into the grid and support for the electrical system.
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Renewable Energies
What Are Renewable Energies?

Main RenewableEnergySourceApplicablein the AgriculturalSector
A Solar(photovoltaicandthermal) @

S

1

A Wind (smaltscaleand mediumscalewind turbines)
A Biogas(from livestockandvegetablewaste) £ /4
A Biomasdfirewood, forest residuesor energycrops) %
A Hydraulic(micro-hydropowerin rural areag %

A GreenHydrogen(producedvia electrolysisusingrenewableenergy) G
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Renewable Energies
Application of Renewable Energies in the Agricultural Sector

The agricultural sector requires electricity and fuels for irrigation, machinery,
greenhouseclimatecontrol, and productpreservation
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Renewable Energies
Application of Renewable Energies in the Agricultural Sector

Detaileduses inagriculture Strategicbenefits:

A Irrigation and water pumping: solar or wind systems A Improves competitiveness by lowering
enable efficient irrigation. structural costs.

A Heatingand cooling biomass used to heat livestock or A Facilitates compliance with environmental
agricultural facilities. regulations and sustainabllity criteria.

A Agro-industrial processingbiogas to fuel boilers or A Contributes to income diversification
thermal engines. (selling energy surplus or joining energy

A Lightingand generaklectricity: pv systems or micro communities).
hydroturbinesfor farms, greenhouses, and collection
centers.

A Energystorage batteries or green hydrogen to ensure
continuous availability.
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Application of Renewable Energies in the Agricultural Sector

Specificchallengesof the sector.

ANeed to adapt technological solutions to local characteristics solar availability, water
resourcestype of cropsor livestock

A Administrativeandtechnicalbarriersfor grid connectionor implementationof installations

A Trainingand awarenesgaisingof agriculturalpersonnelin the efficient useand maintenance
of technologies

Emergingopportunities:

A Digitalizationlinkedto energygeneration(monitoring,remote control).

A Greenjob creationin rural areas

A Collectiveself-consumptionmodelsor integrationwith agri-food cooperatives
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Renewable Energies
Wind Energy

Wind energyis a power generationtechnologythat convertsthe kinetic energyof the wind
Into electricity through the use of wind turbines,which transformthe rotational movement
of their bladesinto electricity by applyingprinciplesof aerodynamicsnd electromechanical
conversion

—)o

A The aerodynamiceffect causesthe rotor to spin —)

when the wind strikes the blades, generating
rotational motion.

A This motion drives an electric generator, which
converts the mechanical energy into alternating
current (AC)electricity.
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Wind Energy

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 factors suchasterrain relief, seasonof the year,
time of day, atmosphericpressure andthe presenceof obstacles(buildings,vegetation)
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Renewable Energies
Wind Energy irAgriculture

Wind turbines can be installed on agricultural land, providing a clean source of energy

Applications

A Wind turbines can generateelectricity to power variousagriculturaloperations,from lighting and
heatingto the operationof machineryandequipment

A Similarto solarpoweredirrigation systemswind-poweredwater pumpsare a viableoption for crop
irrigation, especiallyin areaswith goodwind resourcesandidealfor locationswith limited accesgo
the electricitygrid.

A Electricity supply for agricultural facilities such as farms, storage buildings, or greenhouses,
significantlyreducingoperationalcostsandincreasingenergyindependence

A Supportfor hybrid systemgsolar+wind) to ensurea constantelectricity supply
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Wind Energy irAgriculture

Keyconsiderations

A Requires constant wind speedsgs4m/s on average.
A Better in elevated, open plains or wind corridors.
A Prior wind resource assessment is crucial.

Operation& Maintenance

A Inspections every@.2 months (blades, nacelle, anchoring, brakes).

A Regular lubrication and replacement of bearings, gears, and moving parts.
A SCADA or 10T systems for remote monitoring.

A Cleaning in dusty, salty, or insembne areas.

A Estimated lifespan: 225 years, with possible repowering or modernization.
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Renewable Energies
Wind Energy irAgriculture

Challengesind barriers.
A Highinitial investmentfor smallfarmsif there is no accesgo financingor subsidies

A Wind variabilityand the natural intermittency of the resource(althoughpredictablein
manyenvironments)isualand noiseimpactof the turbines

A Locationmust havesufficientwind resources

A Possibleadministrative or social barriers if the turbine is consideredan intrusive
element
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Renewable Energies
Wind Energy irAgriculture
Casestudy. Goronadel Viento ¢ EIHierro, IslasCanariagSpair)
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Renewable Energies
Hydropower

Hydropower harnessesthe potential energy of water stored at height or in motion to
produceelectricitythroughhydraulicturbines connectedto generators
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Renewable Energies
Hydropower

Power generationwill also depend
on the performance of the
hydraulic and electrical system,
includingturbines, generators,and
transformers, as well as friction
lossedn pipelinesand conduits

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)
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Renewable Energies

Hydropowerin Agriculture
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Renewable Energies
Hydropowerin Agriculture

Advantages

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

A High efficiency (up to 90%) under suitable hydraulic conditions.
A Discreet integration into the agricultural landscape.
A Storage capacity through elevated tanks or batteries.

Considerations

A Requires a sufficient and stable flow throughout most of the year.

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

A Coordination with other water users is necessary to avoid conflicts during periods of scarcity.
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Renewable Energies
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Operation& Maintenance

A Requiresa hydraulicdesignadaptedto the availableflow.

A Routinemaintenanceof turbines,gates filters, andpipelines
A Structuralinspectiongo preventblockager leaks

A Monitoring of water levelsand cleaningof soliddebris

A Canoperateautonomouslywith remote controlssuchaslevelandflow sensors
A Averagdifespanof 30¢50yearswith proper maintenance

Challengesind barriers

A Highinitial costsfor civilworksandinfrastructure

A Seasondimitationsin areaswith variablewater flow.
A Administrativeprocedureselatedto water use
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Renewable Energies
Hydropowerin Agriculture
Casestudy: Microturbine irrigation systemin Binéfar(Spain 2021)

Water enters the turbine station through the suction manifold (5),
from whereit is directedto eachof the two turbines(1), causinghem
to rotate. The water then exits through the turbine discharge
manifolds(2) andflowsthroughthe chamberinto reservoir3, whichis
the lower reservoirusedto irrigate the areawith excesgpressure

The rotation generated by the turbines mechanicallydrives the
pumpingequipment(3), which drawswater from the suctionmanifold
and pushesit through the dischargemanifold (6) into reservoirl, the
elevatedreservoirsupplyingthe areawith pressuredeficit. i
Thehydraulicunits (4) adjustthe turbine distributor to placeit at the
point of maximumefficiency Credit cingral.com
The by-pass(7) allows the Irrigation Communityto channelwater

directly into reservoir3 without passinghroughthe turbines
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Renewable Energies

Hydrogen
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Hydrogencanbe obtainedthroughvariousmethods,the mostrelevantbeing

A Water electrolysis separationof | iandh iusingelectricity. If the electricity comesfrom
renewablesourcesit is calledgreenhydrogen

A Natural gasreforming: the most common method, but it emits/ h {grey hydrogen,or
blue hydrogenif carboncaptureis applied)

A Biomassgasification an alternativewith potentialin rural environments
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Renewable Energies
Hydrogen

Electrolysisseparatesvater 0 | iirftolhydrogeno | andoxygeno h by applyingelectricity.

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

HarvREST
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3 https://www.h2inframap.eu

Introduction Interactive Map Key Numbers
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— Conversion of existing infrastructure
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Renewable Energies
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Energyvectorproducedthroughwater electrolysisusingelectricityfrom renewablesources

Agriculturalapplications
Hidrégeno verde en

A Tractorsand machinerypoweredby fuel cells la Agricultura
A Productionof greenfertilizers(ammoniafrom | i. 0  H “
A Seasonastorageof renewableenergyin isolatedareas INg,

Produccién de Energia para
fertilizantes sostennibles maquinaria agrricola

A Integrationinto rural energycommunities

Outlook: -) Hz)

Almacenamiento de Calefaccion y riego
energia renovable

A Alongterm solutionto decarbonizeusesthat are difficult to electrify.

A Its developmentdependson costreductionandinfrastructureexpansion
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Renewable Energies

GreenHydrogenin Agriculture

Operation& Maintenance
A Requiregleionizedwater and precisecontrol of temperatureand pressurein electrolyzers
A Continuousmonitoringby sensordor pressure Jeaks,andtemperature

A Monthly inspection cycles and preventive maintenance of membranes,valves, and electronic
components

A Storagetanksrequirefire protection andsafeventilation.
A Infrastructureis still costlybut evolvingrapidlyin terms of technology

Challengesind barriers

A Highproductioncostcomparedto conventionalalternatives

A Requiresaccesgo cheapandabundantrenewableenergy

A Distributionand storageinfrastructureis still underdevelopment
A Needfor clearregulationsandinstitutional support
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Renewable Energies
GreenHydrogenin Agriculture
Casestudy. H2AgrarPilot Projectc HydrogenPoweredTractors
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Renewable Energies
PhotovoltaicSolar Energy

Photovoltaic solar energys a power generation technology that convestdar
radiation directly intodirect current (DC) electricitysingsemiconductor
devicesthat harness thehotovoltaic effect

Rayos de luz

A Thephotoelectric effectoccurs when a photon (a
light particle) strikes a photovoltaic cell made of
silicon (or another semiconductor material),
releasingelectronsfrom the material.

A This generates an electric potential difference,
producing adirect current (DC).

4 Emision de
/ ,/ electrones

y 1 K i 7

Placa metalica

Photoelectriceffect Credit StudySmarter
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PhotovoltaicSolar Energy

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

Generation also depends on thi& angle of the modulesshading temperature, and thesystem
performance

Solar irradiance depends aveather, air pollution, latitude, season of the yegrandtime of day.
" | |

Global Horizontdlrradiance Credit https://globalsolaratlas.info
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Renewable Energies
Photovoltaic Solar Energy in Agriculture

Photovoltaicmodulescanbe installedon agriculturalland, both on the groundand on rooftops.
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Renewable Energies

Photovoltaic Solar Energy in Agriculture

Considerations:
A Requires good direct and diffuse radiation.
A Best utilized in areas with high solar radiation and low cloudiness.

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

A Compatible with fixed and mobile installations.

A The orientation and tilt of the modules matter, as well as shading from trees, buildings, or terrain.
Operation & Maintenance:

A Regular cleaning of panels (everBIimonths) to maintain efficiency.

A Inspection of electrical connections, support structures, and grounding systems.

A Inverter and battery checks (if applicable) evegt  months.
A Estimated lifespan: 25 to 30 years for modules; 10 to 15 years for inverters, with replacement possible.
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Renewable Energies
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Challenges and barriers:

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

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

A Need for shadowree space to maximize production, which may limit site selection.

A Accumulation of dust, dirt, or animal waste in agricultural areas may reduce performance
If frequent cleaning is not done.

A Dependence on specialized technical support for design, installation, and maintenance.

A Possible administrative barriers or permit requirements, especially in protected
agricultural soils or restricted rural areas.
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Renewable Energies
Photovoltaic Solar Energy in Agriculture

Casestudy. PhotovoltaicProject{ dzy (!¢ Brdnhbe

A Agrivoltaic Project Structures with mobile solar panels
installed over crops (vineyards, vegetables), which
automatically adjust their tilt to simultaneouslyoptimize
electricity production and agronomic conditions (partial
shadingthermal control).

A AgriculturalUse Improveswater-useefficiencyin areaswith
thermal stress and seasonaldrought crops benefit from
reducedevaporationandbetter microclimateconditions

A Impact Reduceswvater consumptionby up to 30%in some
crops, while maintaining or improving agricultural yield
under extreme climatic conditions Additionally,it allowsfor
renewableenergygenerationwithout net loss of cultivable

surface Agrivoltaicfacility. Credit: sunagri.fr
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Renewable Energies
Biomassand BiogasEnergy
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Renewable Energies
Biomassand BiogasEnergy

A The most importantesourcefor generating this energy is the )

available biomass: agricultural waste, manure, harvest residues, ( \A v '5;./?( \ AY b=
prunings energy crops, or agdndustrial byproducts. i |V & | /,
A Energygenerationalso depends on the type of biomass, its A
energy content (calorific value), moisture content, conversion B = = .d
method (combustion, anaerobic digestion, gasification), and =l e n 8
system efficiency. [ -+ G; p
A The availability of theesourcedepends on theseasonality of ; | X2y j&
crops,the type of agricultural exploitation, waste management, (= % ’ -\
collection and storage logistics, and climatic conditions that affec | gy _ _T_ {

plant or animal production. - T I
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Renewable Energies
Biomassand BiogasEnergy

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

Main Applications:
A Biogas generation via anaerobic digestiodse of manure, slurry, crop residues, and agroustrial byproducts
to produce biogas, which can be used in boilers, engines, or microturbines for energgrselmption or grid

injection.

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

A Circular economy in farmingReduction of organic waste, production of organic fertilizdiggstate), and
reduced energy costs through the energy recovery of agricultural and livestock byproducts.

HarvRESHt 7 | e Burons www.harvrest.eu
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Renewable Energies
Biomass and Biogas Energy in Agriculture

Considerations:

A Requires availability of biomass (manure, harvest residuesjngs etc.) either consistently or seasonally.
A More efficient on farms with high production of organic waste.

A It is essential to evaluate the quantity, type, and moisture content of the biomass before installation.
A Modular installations, adaptable to different farm sizes.

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

Operation & Maintenance:

A Regular cleaning and monitoring of the digester or boiler.

A Inspection of engines, valves, burners, and safety systems.

A Monitoring of parameters such as pressure, temperature, and mixing.
A Proper management afigestateor ashes as agricultural byproducts.

A Estimated useful life: k20 years with regular maintenance.

HarvRESt 7 | e Buronsanunion  WWW.harvrest.eu
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Renewable Energies
Biomass and Biogas Energy in Agriculture

Challenges and barriers:

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

A]Ic?equires a constant and sufficient biomass supply, which may limit feasibility on small
arms.

A Complex logistics: storage, transportation, and handling of organic waste.
A Need for qualified technical staff for safe and efficient operation.

A Odors, emissions, aligestatemanagement may cause social rejection or require
mitigation measures.

A Possible administrative obstacles (environmental, health, or-lss&lpermits), especially
In protected areas or near urban centers.
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Renewable Energies
Biomass and Biogas Energy in Agriculture
Casestudy: BiogasPlantaMétha-FerchaudE ¢ France

A Agro-Livestock Project a collective biogas plant located in
MartignéFerchaudjn the Brittany region of France It is owned
by three livestockfarms two dairyandone pigfarm.

A Agricultural use The plant processes slurry and manure
generated by the associatedfarms to produce electricity and
heat Theelectricitygeneratedisinjectedinto the grid, while the
heatis usedto dry alfalfagrownon the samefarms

A Impact_Electricity supply for approximately1,000 households,
reductionof greenhousegasemissiondoy treating organicwaste
on-site, production of organic fertilizers from digestate, and
promotion of collaborationamongfarmers

Biogas Plant. Credit: campogalego.es
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Renewable Energies
SeltConsumptionEnergy

SelfConsumption Energys the use of renewable sources to generate and consume energy in the same
place where it is needed.

In this waydependence on the electricity or gas gnsl avoided or reduced.
Energy can be consumed immediatel\storedo dza Ay 3 oF O 0SNASAX K20 g O
Emissionsand environmental footprint areeduced i e Eray

Controllable Load

- Network connection
Solar Energy

Thereare twotypes

A Seltconsumption without surplusall the energy
generated is consumed.

A Selfconsumption with surplusunused energy is Other Genertion s
1 - - Battery
injected into the grid. EnergyMarsgemens

Credit: energynetworks.com.au
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Renewable Energies
SeltConsumptionkEnergy in Figures

FIGURE 2.13: ANMNUAL SHARE OF CENTRALIZED AND DISTRIBUTED GRID-CONMECTED IMSTALLATIONS 2011 — 2021

FIGURE 2.15: ANNUAL GRID-CONNECTED CENTRALIZED

AND DISTRIBUTED PV INSTALLATIONS BY REGIONM IN 2021
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Rooftop solar
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B Medium Scenario Historical

Expected growth of rooftop
photovoltaic.Credit Solar Power
Europe
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Renewable Energies
EuropeanPolicy2030

1 CLIMATE

ACTION
A Promotes universal accessdiean energy A CallsforthazNESY i NBRdAzOUA2Yy 27
A Encourages the use sblar, wind, biogas, and biomas®urces in A Promoteslow-carbonagricultural practices

rural areas.

A Supportsclimate resiliencein agriculture,
A Facilitates technologies farrigation, storage, and food processing.

A FEADER and FEAGA suppotfifiancing renewable energy
infrastructure, energy efficiency projects agricultural facilities, or
the implementation ofsustainable practices.
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Hybridization and Agro
Virtual Power Plant (AVPP)

Y
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Energyhybridizationn agriculturalenvironments

What isenergyhybridization?

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, costeffective, and
sustainableway.

Applicationin agriculture

A Agrivoltaics Solar panels installed above crops to produce
energy without losing productive land.

A Hybrid solar pumpingCombination of solar power with
batteries or grid connection to ensure water availability.

A Energ% storageTo meet demand during periods without sun
or wind.

A Electrification of consumptionReplacement of fossilel
machinery with electric alternatives (tractors, irrigation
systems, etc.).

HarvREST

Greener Farmin g with RES

Keyadvantages
A Reduction of carbon footprint
A Greater energy independence

A Improved profitability and resilience of
the sector

\
“
.-
A >
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L1 L LT 27 I /Y ’
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Energy hybridization + Agrivoltaics: typologies

A Standalone s
APurchase A Consumption
AFlexibleLoads

APurchaser Sale

ASolar
Awind
AHydro

A Agrivoltaics %
A Agriculture

A LivestockKarming

A BESS 11111
A PumpedHydro

:

HarvRESHt
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Hybridizatiorg Wind and PV

Wind and photovoltaic energy complement each other
effectivelyin hybridizationschemes

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

Onanannualbasis,solarenergyreachests peakduringthe
spring and summer months, when wind energy typically
decreaseswhile wind energy increasesits production in
autumnandwinter, whensolarradiationis lower.

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

HarvREST
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Perfiles de generacion diarios (MWh)
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Perfiles de generacién anuales (MWh)
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Hybridizatior;, Solar + BESS

TYPICAL DAY WITH A SOLAR BATTERY SYSTEM

AM 12 1 2 3 4 5 6 7 8

* CONSUMPTION OF STORED ENERGY

Credit Maxim KulikA1SOLARSTORE
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SOLAR ENERGY PRODUCTION

7 8 9 10 N 12 PM

€ CONSUMPTION OF SOLAR ENERGY
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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

Hybridizatiorg Casestudy

A Casde PedroFarm(Lugo)hasan off-grid hybrid self
consumptioninstallationcombiningphotovoltaicand
wind energy with an installed photovoltaic capacity
of 3528 kWp, consisting of a total of 98 solar
modulesand 2 Bornaywind turbinesof 5 kW each

A The systemis complementedby a battery storage
capacityof 52,320kWh.

A Thanksto this off-grid seltconsumptioninstallation,
the owner achievesan annualenergyproduction of
64,131 kwWh from 1006 renewablesourceswhichis
equivalentto a reduction of nearly 26 tons of / h |
emissiongoer year

Credit Instalacion autoconsumo hibrida aislada Granja Cas de
Pedro- EIiDFSolar

. Funded b
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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/

Agro Virtual Powdplantc¢ AVPP

Definition: Key components of the AVPP:

The AVPHSs a digital platform for energysimulation A Energy modelingConsumption,
and managementin agricultural operations that generation, storage, prices, etc.

integrates different sourcesof generation,storage, A Hourly simulation:Calculation of energy
and demand,simulatingtheir combinedbehavioras flows)éased on real or simulated data.

It they were a singlevirtual power plant A Optimization: Algorithms to find the best
o configuration
Objectives A Economic analysisReturn on investment,

A Evaluate the technical and economic viability of ~LCOE, energy savings.
hybrid projects.

A 1dentify optimal configurations for each
operation.

A Maximize flexibility and energy efficiency.
A Supportinformedinvestmentdecisions
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Technological integrations included in &¢PP

Generationsources Strategic advantages of the AVPP:
A Conventional ana@grivoltaicsolar PV ;
: Advantage Descripction
A Smallscale wind J P
A Biogas Scalability It can be applied from small farms

to agricultural cooperatives.

A Hydropower
It promotes the use of smart tools i

Diigitalization rural areas

Storage: '
.. Reduction of losses and better
A BatteryEnergy Storag8ystems Energy efficiency Utilization of resources
. L It contributes to the European
Flexibility: Sustainability climate goals P
A Controllableloads(irrigation, ventilation, climate _
control, electricvehicles Costs optimization It helps reduce energy costs with

customized solutions.

HarvRESTt 7% | fae Earops www.harvrest.eu
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AVPR; Use Cases

Thermaelectric SisEes!
: : management
energy Agrivoltaics system Biogas
management U (Electrification +

system flexibility)

Norway VRT andtaly Sorigue
Performance Integration of Investment in replacing  Study and potential

optimization of the photovoltaic modules in  fossil fuel equipment of biogas.

generation/transmission agriculture to combine with electric equipment
system with thermal and agricultural production and optimization of the

~

electrical loads. and clean energy St SOGNROIT aeaidsSyQa
generation on the same performance.
land.
quVREST ST Funded by
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Decision Support System
(DSS) and MuiCriteria
Decision Analysis (MCDA)

A Strategic Approach to Renewable Energy
Investments in Agriculture

HarvRESHt I e eromanunion  WWW.harvrest.eu
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Navigating Renewable Energy Investments

Agrocommunity stakeholders face complex decisions when considering
Investmentsn RES

Evaluatingvariousgeneration,storage,and demandoptions, alongwith economic
andtechnicalviability,canbe daunting

There'sa need to identify optimal configurationsand maximiseenergy efficiency
for specificagriculturaloperations

HarvRESaddresseshis by developingtools that support informed, data-driven
Investmentdecisiondor agrocommunitymembers

P, Funded b
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HarvREStBecision Support System (DSS)

TheHarvRESproject shalldevelopa specialisedDecisionSupportSystem(DSSjo
aldin strategicplanningfor RESntegration

ThisDSSlendsrenewableenergygenerationforecastsand optimisationtools from
earlierprojectwork with farm-specificconstraints

Its core purposeisto guideoptimal REEhoicesand systemsizingon 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

P, Funded b
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How it Works: MultCriteria Decision Analysis (MCDA)

CoreMethodology: TheHarvRESDSShallutilisee Multi-CriteriaDecisionAnalysis
(MCDAU}o evaluatevariousscenariodor RE&doption

Holistic Evaluation MCDAallowsthe DS3o considerand balancetrade-offs across
environmental,economic andtechnicaldimensionswithin a unified decisiontool

Hybrid Modelling: The systemshallcombineenergyforecastingresults,local farm
constraints(like size,energyneeds,regulatorylimits), and optimisation strategies
to generatetailored recommendations

UserCentered Design The tool is being developedwith practical applicationin
mind, enablingagro-communitymembersto input relevantparametersandreceive
clear,actionableinsightsfor optimal sizinganddeploymentof RES

P, Funded b
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Key Benefits & Strategic Advantages

B%tzs}lnformed Investment Helpsagrocommunitiesmake datainformed investmentdecisionsin

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 smarttoolsin rural areas
Sustainability Directlycontributesto EUclimategoals

CostOptimisation: Helpsreduceenergycoststhroughcustomisedsolutions
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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?

!—Iq rv RESt I | fandsa by www.harvrest.eu

arming with RES *..+* | the European Union



1.1 Objectives of the Module

Obijectiveof HarvRest

Develop innovative solutions to decarbonize the
agriculturalsectorthrough the use of renewableenergies,
electrification,andadvancedligital tools.

Obijectiveof this training module:

AUnderstandthe environmental benefits of using RESn
aqgriculture

ARecogniz¢he potential negativeimpactsand trade-offs
A ldentify opportunitiesfor sustainabledeploymentof RES

HarvREST

Greener Farmin g with RES

oy Funded by
*..+* | the European Union

www.harvrest.eu



1.2 Global Environmental Challenge

AClimate ChangeAgriculture both contributes to and is affected by GHG emissions
AResource DepletionFossil fuel dependence strains ecosystems

APollution: Air, water, and soil degradation linked to traditional energy sources
ABiodiversity LossDeforestation and habitat destruction from unsustainable energy use
— Renewable energy in agriculturgart of the solutionto these global challenges.

1 CLIMATE LIFE

ACTION ON LAND

.*"*. | Funded by
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w @ 1.3 Why do we study environmental impacts of R

A Agriculture is highly dependent on natural resources (soil, water, biodiversity)

AEnergy use in farming has magmvironmental consequences

o CONVENTIONAL ~ RENEWABLE
ATransitioning to RES can: ENERGY ENERGY
V Reduce greenhouse gas emissions )\

V  Protect ecosystems and biodiversity - EER
I& 11

V Improve longterm sustainability of farming systems

ENVIRONMENTAL  SUSTAINABILITY
STRESS

@ O




2. Sustainability of Renewable

2.1 Environmental rationale for RES

2.2RES andgriculture

2.3 RES as a Driver of Sustainability

HarvRESt ;" | Funded by www.harvrest.eu
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11 2.1 Environmental rationale for RES

ARES: energy systems that relyraturally replenished sources
ASolar, wind, hydropower, biomass

AProvideclean alternativego fossil fuels

APlay a central role in addressiol§mate, energy, and sustainability challenges
AReduceyreenhouseyas (GHGmissions

AMinimizeair, water, andsoil pollution

AEnableatransition to a circulareconomy

o, Funded b
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“f% 2.2RE%nNd Agriculture

AAgriculture is both a contributor to environmental problems (emissions,
deforestation,waste)anda sectorhighlyimpactedby them
ARESrovideopportunitiesfor:

A Cleaneiirrigation, transportand processing

AWastereduction

AReducedanddegradation

A Agriculturebecomesatest casefor demonstratingw 9 {e¥#ionmentalvalue

o, Funded b
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2.3 RES as a Driver of Sustainabili

AlIntegratesenergy environment, and socieeconomicsystems

A Contributesto:
A Climatechangemitigation
AResource=fficiency(energy water, biomass$
A Ecosystenprotection (air, soil, biodiversity)

AFoundationfor a sustainableenergytransition in rural andurbancontext

.*"*. | Funded by
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3. Positive environmental impe

3.1 Climate Change Mitigation

3.2 Biodiversity protection

3.3 Soihealthandfertility

3.4WasteManagement & CirculadEconomy

3.5 Improved air quality

HGFVREST # " | Funded by
Greener Farming with RES *..+* | the European Union WWWharvreSteu



Clean energy as a driver of environmental sustainability

5N
CLIMATE AIR WATER

XA\v @

SOIL  BIODIVERSITY WASTE
REDUCTION
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3.1- Climate Change Mitigation (GHG Reductions

HarvREST

Greener Farming with RES

ARESeplacefossilfuelsiblower/ h emissions
Mecentralizednergyreducestransmissiorlosses
ASupports  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,
Jmpactingmicroclimates
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3.2 Biodiversit;Protection

olLesgdeforestationhhabitat preservation

«Reducedossilfuel extractionlhlower ecosystem
disruption

«Renewabldandscapegancoexistwith agriculture
andnature

E.g.: The land beneath and around solar panels
can be managed to fostérodiversity. For
example, creatingollinator habitatsunder

solar arrays
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3.3 Soil anglantHealth

ABiogagurns organicwasteinto energy+ biobasedfertilizer
(digestatg

AReducedieforestation=lessland degradation

rFruit and specialty crops that are being increasingl
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
(jght for crops

urbinescreate intermittent shadeon cropsthat can be benefitial Wind turbines
helpreducedew on crops loweringthe riskof diseases

HarvREST
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3.4WasteManagement & Circulaconomy

cAgriculturalresidued hbioenergyinsteadof
burning

oManuredigestionlbprovidesenergyand
fertilizers

Circular economy in farming: Reduction of
organicwaste, production of organicfertilizers
(digestate), and reduced energy coststhrough
the energyrecoveryof agriculturalandlivestoc
byproducts

W, Funded b
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3.5 Improved air quality

ANo particulateemissiongrom solar,wind, hydro
AReplacinglieselgeneratorsreducesNOXE.  { h i
Avianureanaerobiadigestionto producebiogasreducesmethaneemissions

‘The airflow from the blades can
enhance ventilation, benefiting
certain crops and reducing
humidity-relateddiseases |

HarvREST
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3.6 water resource management

oSolar irrigation  reduces risk of diesel
contaminationin water bodies

cBiogas digesters minimize slurry dischargeinto
rivers

ol'he liquid fraction of digestate can be use as |
fertirrigation

AgritPVs can help create an improvec?
microclimate by offering shade and reducing
evaporation, which helps to preserve soill
moisture and can end reducing irrigation
demandby up to 20 percent |

++**. | Funded by
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4. Potential Negative Environ

4.1 LandUseConflicts

4.2 ResourcdntensiveManufacturing

4.3 Wasteand DisposalChallenges

4.41mpacts on Wildlife and Ecosystems

4.5ManagingTradeoffs
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4.1- Land use conflicts and effect on soll

clargesolar farms may compete with agricultural
land
= WWindfarmsrequire significantiandfootprints
= oPotentialhabitat fragmentation
— cBiogasproduction can require large amounts of
B 1~ feedstock h land & water demand and
: competitionwith food production
Wl he presenceof heavyinfrastructure and heavy
constructionmachinerycancausesoil compaction,
which maynegativelyaffect soil health

HC|rv RESt 7| fanded by www.barvrest.eu
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4.2 ResourcdntensiveManufacturing

ovHolarpanels,wind turbines,and batteriesrequire rare earth metalsand intensive
mining

cRiskof shiftingenvironmentalburdensomewhereelse

oHighenergyinput duringproduction

HarvRESt ;% | Funded by www.harvrest.eu
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4.3 Waste and Disposal Challenges

AEndof-life solar panels, batteries, and turbine blades
ARecycling technologies not yet widely available

ARisk of soil and water contamination from improper disposal
AHigh amounts of digestates to be disposed

HarvRESt ;% | Funded by www.harvrest.eu
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4.4 Impacts on Wildlife and Ecosystems

WVind (i dzND A hir®8abat Mprtality
oHydropowerdamslhdisruptfish migrationandaquatic
ecosystems

of SRAYSY (O OGNFLILIAY3I FNRY Ke&éRNZ
fertility downstream

uSolarfarmsihhabitatlossfor native species

= HNurbinestransformers andtransmissiorinesgenerate

; & Electromagnetidields that mayaffectsoil life, microbes fungi,
earthworms andgrazinganimals

«Changes airflow and humidity from wind turbinescould
disruptcloudformation andprecipitationpatterns

++**. | Funded by
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4.5 Managing Tradeffs

ANeed for environmental impact assessments (EIA) before projects
Arherealfootprint of wind installationsshouldincludeaccessoadsand
Infrastructure

A-ocus on sustainable siting and-ifgcle management

ACircular economy: recycling and reuse of components

Aolicy regulation of digestate application

Antegrated planning to balance energy, food, and ecosystem needs

S o anunion  WWW.harvrest.eu




Environmetalmpact Agricultural impact
RESTechnology Positive Negative Positive Negative
Reliable irrigation; Downstream water
multipurpose reservoirsreduction; waterloggin
supports water and or flood risk; possible
energy land

Low GHG emissions; watcAlters river flow and
Hydropower storage for multiple uses; aquatic ecosystems;
supports ofgrid sediment trapping; habil

Shading may reduce
yield (depending on

crop); compaction fror
panel

Reduces GHG emissions;Land occupation; habitaDual land use (agriPV);,
Solar PV  land under panels can retdfragmentation; heat islaimproved microclimate
moisture and biodiversity effects in dry and soil moisture

Noise may affect
livestock; access
restrictions during
installation

Clean electricity; low wateBird and bat collisions; Powers farm equipment
Wind Energy use; minimal emissions noise pollution; landscajminimal land footprint if
during operation alteration placed on margins

GHG mitigation from Risk of nutrient runoff; Digestate

Fertiliser substitution

: methane capture; promoteodours if mismanaged; |, . " overapplication risks
Biogas . o ) . (digestate); ossite ) :
waste circularity; reduces localised air and water . .soil and water pollutio
. . energy for heat/electrici :
odours guality reduction requires
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5. Biogas and digestate: Case

5.1Biomas andBiogasenergy

5.2 Diferencedetweenorganic syntheticand biobasedfertilizers

72

ESES = = =

5.3TheCatalanUse Case

5.4How to analyze the impact of biobased fertilizers
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5.1BiomassandBiogagnergy

Biomassenergy is obtained from the combustion of organic matter (agriculturaland forestry waste,
manure, pruning waste, etc.). Biogasenergyis producedby introducing organicwaste (manure,slurry,
vegetablewaste)into a hermetic digesterthat allows microorganismgso decomposethe matter in the
absenceof oxygenand producebiogas,whichisthen burnedin aninternalcombustionengine
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5.2 Organi¢ Synthetic- Biobased fertilizers

Organic FertilizersOrganic fertilizers are derived from natural sourc
such as manure, plant residues, and-based materials. They also
contribute to soil organic matter and improve soil structure,
enhancing overall soil health and fertility.

Synthetic fertilizersare designed to provide crops with the nutrient:

that they need. They offer readily available nutrients that plants c:

quickly absorb through their roots, making them more efficient an
requiring smaller volumes compared to organic alternatives

Biobased fertilizersaare obtained through a physical, thermal/thermc

chemical, chemical, and/or biological processes for the treatment G

organic waste stream that result into a change in composition due
change in concentration of nutrients
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Biobased fertilizers (mineral or organic)
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To collect data from the biorefinery to
model andoptimisebiogas production
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Different experimental activities will be carried out on an experimental campaign to achieve the objectives of the
Catalan UC:

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

1. Agronomic assaywill be performed under natural conditions in tifield and controlled conditions in the
ﬂ nutrient management, soil quality aratop yieldand replace current mineral fertilizers in crops.

2. N release dynamicsf the digestate will be assessed and compared with other similar fertilizessibycubation
“ assaydo determinate whether the product can be deemed as worthy substitute of current products in the
market.

3. Nutrient losseswill be evaluated through two approaches:
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5.4 How to analyze the impact of biobased fertilize

Plant growth
bdzi NAGA2Y I €

Root and soil analyses

Microbial analyses

............
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Soil incubations

Field trials
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