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Abstract

Novel FossiEnergyFree Technologiesnd Strategies (FEFTS) that are related to more sustainable
energy production and use, have been developed by industry and research entities. More specifically,
they refer to the tools that are required to address cleaner and more efficient energy prodartio

use in all kinds of agricultural activitieBhe main focus of this documeistto provide a report about

the commercial FEFTS solutions that are collected as part of the AFF repository. These kinds of FEFTS
can (or could potentially) be used by a wide variety of agricultural stakeholders towards defossilization

of EU agricultureAccording to the methodology and standards provided by D2.1, an already existing
commercial technology or strategy could be considered as FEFTS, after an initial identification, where
its specific characteristics are effectively categorized in a serfie$dsf of interest. The structure of the

survey as well as the analysis of the FEFTS that are presented in Chapter 3, are based on the structure
established on D2.1. The AgEnergy platform’'s submission form follows the same structure as the one
provided va the online Google survey. By the end of July 220X® FEFTS were collected in total, of

which 959 FEFTS were published on the AgEnergy platform after the FEFTS quality check screening
process. Among these42commercial technologies were publish&ldis is thesecond and finalpdate

for Del2.8
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1. Introduction
1.1 Backgroundnformation

Novel FossiEnergyFree Technologies and Strategies (FEFTS) that are related to more sustainable
energy production and use, have been developed by industry and research entities. More specifically,
they refer to the tools that are required to address aieaand more efficient energy production and

use in all kinds of agricultural activities. Trhain focusof this document, is to provide a report about

the commercial FEFTS solutions that are collected as p#nedFF repository. These kimdf FEFTS

can (or could potentially) be used by a wide variety of agricultural stakeholders towafdssilisation

of EUagriculture.

According to the methodology and standards provided by D2.1, an alregidying commercial
technology or strategy could be considdras FEFTS, after an initial identification, where its specific
characteristics are effectively categorized in a series of fields of interest:
a) the agricultural application field (for which purpose the energy@sluced/used)
b) the way that they promote/comnibute to defossilisation
(i) Supply of Clean Energy (either for energy production or storage) to substitutednesily
(i) Energy Efficiency Improvement in comparison to conventional technologies/practices
(i) Soil Carbon Sequestration which is an auxiliary eatethat mainly plays a Greenhouse Gas
(GHG) compensation role (rather than green energy production or fossil fuel reduction (or
elimination)means).

In more detail, Clean Energy Supply is primarily subdivided to energy production and siysteges,

then the Renewable Energy Source type, the type of used energy (electrical, kinetic, chemical, etc.) and
finally the specific technology used. The Energy Efficiency Improvement category is subdivided to the
specific kind of energy improvement (efency on buildings, vehicles, tools, precision agriculture or
livestock farming, etc.) and the corresponding technologies used for the aforementioned purposes. Soil
Carbon Sequestration is further analyzed in terms of methods such as soil organic matterum/

no tillage, nutrient management, crop diversification, etc. The FEFTS categories and subcategories are
presented in Tablé.

Tablel FEFTS categories and level 1 and level 2 subcategories.

FEFTS category Level 1 sukcategory Level 2 sukcategory
Energy Agricultural technology heating and cooling of buildings
User/Consumer applications process heat/cold
lighting
agricultural field practices
vehicles
tools

energy sales to external consumers
Clean Energy Supply Renewable Energ$ources solar

wind

hydro

geothermal

bioenergy

free energy

Energy types heating

cooling

electricity

mechanical energy
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chemical energy
Energy Technologies photovoltaics
solar thermal
windmills
hydropower
heatpumps
geothermal
solid biomass conversion
biogas / biomethane production
liquid biofuels production
Energy Storages heat storage
electricity storage
cold storage
intermediate bioenergy carriers
Energy Efficiency Energy savings efficient buildings
Improvement efficient vehicles
efficient tools
precision agriculture
precision livestock farming
conservation agriculture
Carbon Carbon sequestration soil organic cover
sequestration tillage (Conservation Agriculture + CTF)
nutrient management
crop diversification
soil and water conservation techniques
fire management
grassland management

Under FEFTS level 2 stdtegory, practical methods are clarified (for details, see FEFTS level 3 sub
category from Deliverable 2.1, Table 4 to Table 10).

Main aim of this deliverable is tgpdate the previous report (D2). andpresentall theindustiial FEFTS
solutionsregistered by both the consortium and outside companies, accordin§EFTS categes
above and give aanalysis based on current collemti status.

1.2 Methodology

To create the usefriendly AgroFossilFree (AFF) database, WIP and other partners followed a three
phase methodology for registering commercial FelSaiérgyFree Technologies and Strategies (FEFTS).

Phase 1 (Initial Identification) involved conducting internet searches to identify various commercial
FEFTS, including complete solutions, hardware, software, methodologies, components, and procedures
that contribute todefossilisationn EU agriculture.fle searches were based on-#¥el categorization
provided in Deliverable 2.1, targeting sources like FEFTS manufacturers, retailers, and stakeholders
such as farmers, producers associations, energy generators, contractors, advisory services, companies,
industry, and policymakers.

During Phase 2 (Survey), the consortium collected commercial technologies using an online survey
document (Google Forms) for the first FEFTS collection process (1st batch). Later, for the second
collection process (2nd batchie consortium exclusively used the AgEnergy platform, which provided

all necessary information used in Chapter 3 (Analysis). To encourage participation, means of



AgroFossilFree Del. 2.10

communication were prepared, including letters, emails, and a promotional {figare 1)with clear
benefits for companies to join the platform. This resulted in an increased contribution of commercial
products directly from manufacturers and companies.

Externals (companies/manufacturers) were encouraged to submit their technologies through Google
Forms initially and then through the AgEnergy platform after its launch. Additionally, INI creatied a
to attract companies and stakeholders to registeritHeEFTS.

AgEnergy AGRO
i Platform | .,“,“LL'

Figurel Promotional video

After achieving the milestone of 200 submitted commercial F&ss@rgyFree Technologies and
Strategies (FEFTS) in the inventory by the end of September 2021, the screening process was scheduled
before the launch of the AgEnergy platform to eresits content's high quality and relevance. Initial
screening involved removing duplicate, malicious, and incomplete entries, with "incomplete entries"
lacking comprehensive information. Partners were asked to provide additional details for such records,
and if not available, those entries were deleted.

The Task Leaders of WP2 conducted the screening process for each FEFTS category, with WIP
responsible for industrial products. To ensure consistency, a FEFTS Quality Committee was formed
comprising the TdsLeaders. This committee oversees the screening of all submitted FEFTS on the
platform, ensuring accuracy and reliability aligned with the AgroFossilFree project's objectives.
Although the database allows public entries, they remain unpublished untilated by the FEFTS
Committee, guaranteeing the platform's relevance and reliability.

A guide to FEFTS registration on AgEnergy Platform

Step 1 Access the platform website through: https://platform agrofossilfree.eu/en and then click on
Login:

elcome, Chuan Ma
By = == wilas
il new FEFTS
(-}
Logout
\ e e Step 5 Fill in the FEFTS information type, Native language, Title(s) ..etc. Then continue to add
> s Ry RS [ to Provi Material and sections.
3 - [ 8 o I o] @
Step 2 Login with your email address and password if you are already registered (then go to Step 4). e . =
Or click on register if you do not have an account yet.
Login
- |
L] [ @ moer |
Step 3 Register with your Name, Email address, and Password. Then click on Register. Afterwards you oy
will receive an email verification, please make sure to click on “verify your email”, otherwise you
won't be able to add new FEFTS. Then just login with your credentials.
"""" Email verification
=]

Wy ek Step 6 Submit the FEFTS once you complete all
always save the FEFTS as draft and edit it in a later sense.

Step 4 Click on the icon at the right top of the website, then click on add new FEFTS.

IR Io I e— 3
e @ == T ==N

Figure2 A guide to FEFTS registration on AgEnergy Platform
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For the second and third batch of FEFTS collection, partners registered them directly on the AgEnergy
platform, with a guidance document (Figure 2) created to assist in this process. The same screening
procedure was applied to the second and third batch.

1.3Survey

The survey structure, extensively defined in Deliverable 2.1, comprises four sets of questions (see
Annex). The first section gathers general information about the identified commercial FEFTS, including
its name, category, and the registering persocontact details and organization. The second section
delves into more detailed information about the FEFTS and the manufacturer/company, such as the
number of employees and headquarters' address. The third section covers FEFTS specifications and
applicaion fields. The fourth and most crucial section provides detailed information about the type of
FEFTS being submitted, with three categories to choose from: Clean Energy Supply, Energy Efficiency
Improvement, and Soil Carbon Sequestration, followed bycifipesubcategories. The last section
involves a general assessment of the FEFTS, requiring the user to answer questions based on available
information regarding socioeconomic, environmental, and general aspects.

It is worth mentioning that both the suey structure and the subsequent analysis presented in Chapter

3 are based on the structure established in D2.1. Table 1 provides a basic schematic of this structure,
which is replicated in the AgEnergy platform's submission form, mirroring the online é&agkey's

layout.

2. FEFTS8ollection outcomes

2.1Data Collectiomrt | NJi RN &

By the end oRugust2023, 2102FEFT®ere collectedn total, of which B59FEFTS were published on
the AgEnergy platform after the FEFTS quality check screening praoessgthese 542 commercial
technologies wer@ublished Table 2 shows the number BEFT8ollected and publisheder category
for the three batches

Table2 Overview of FEFTS collection status

Scientific  Commercial Training Financing Research Total

Papers Technologies Material Mechanisms project
Target 1000 600 100 1700
Collected 1001 601 149 150 200 2102
Published 977 542 131 129 180 1959

2.2 Acceptance and exclusianiteria

For the case of commercial FERR8y were required to demonstrate clear potential for agricultural
application and embody innovative technologies for energy saving or clean energy supply (production
or storage). The most suitable commercial technologiestrategies were those with strong potential

for practical implementation by farmers on their farms, such as ensagyng marketeady FEFTS
solutions or sustainable energy production methods. Exclusion criteria included invalid records, which
referredto entries lacking a clear alternative solution for fossil fuel use in agriculture.
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2.3 Qarification of this reportand its analysis

This report is the final update of D2.8 and differs from the previous reports (D2.8 and 1st update report
- D2.9) in terms of thdinal number of FEFT#esented. The screening process for all FEFTS has been
completed, and only qualified ones have been |@ited on the website, allowing for a clearer
overview.Besides the additional number of FEFTS that have been addew FEFTS were rejected
after the previous reports' completion, as they were found to have issues upon reevaluation (e.g.,
websites takerdown, broken links, or incomplete entrieghus the difference between the numbers

The AgEnergy platform is continuously monitored to address incomplete entries or broken links,
ensuring that only the best FEFTS are published and maintained on therplatfo

3. FEFT@8nalysis

3.1 General information about the published commerdt&@FTS

In this section, general information about the companies of plaklishedcommercial FEFTS will be
presented. The origin country of the companies is shown in Figure 3. Follingnig Figure 4 the sizes
of the companies are presented.

As shown in Figure 3, for ththird batchx Y2 ad 2F GKS O2YLI yASa oYl
KSI RIljdzZ- NISNRQ o6lFlaira Ay OFrasS 2F AYyaSNyFridAzylrt 02
(18). The majority of companies, 35 in total, are categorized under "Others," representing a diverse
group not explicitly specified. China, America, and Switzerland each contribute 3 companies, while
Ireland, England, Poland, and Italy have 3 to 14 compaeigsired. Greece does not have any
companies in this batch. France and Spain are represented by 5 to 8 companies. The three batches
showcasethe global participation on the AgEnergy platform, with a diverse range of countries
contributing their commercigbroducts and innovations.

Figure 3 reveals that companies from Northern and Western European nations like Denmark, Germany,
and Switzerland are most heavily represented in the published commercial FEFTS. This likely reflects
the prominence of sustainability initiatives and investments in renewable energy in these countries.
The agriculture sector's significance in national econariie countries like Denmark may also
incentivize clean energy innovations. However, major agricultural producers in Southern and Eastern
Europe like Spain, France, and Poland have fewer featured companies. Enhancing outreach to firms in
these key farmingegions could provide more solutions tailored to those markets.

Figure 4 illustrates the size distribution of companies in different batches. The data regarding company
size is not publicly disclosed by the majority of companies, resulting in an unkn@aforskz7 (46%)

of them. However, for the companies with known sizes, the distribution across various size ranges can
be observed.

In the 1st batch, 15 companies fall within the 1 o3 LJX 2 éatedbdy, (B0 companies have 11 to

50 employees, 15 comparsiehave 51 to 250 employees, and 31 companies have 251 or more
employees. Moving on to the 2nd batch, the majority of companies' sizes remain unknown, accounting
for 41% of the total. Among the known sizes, 13 companies have 1 to 10 employees, 44 companies
have 11 to 50 employees, 14 companies have 51 to 250 employees, and 60 companies have 251 or
more employees. Finally, in the 3rd batch, again, most companies' sizes remain unknown (78).
However, among the companies with known sizes, 11 companies havelD tmployees, 22
companies have 11 to 50 employees, 12 companies have 51 to 250 employees, and 28 companies have
251 or more employees.
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The origin of the company

100
80
60
40
1.0 | |
U B ; H
O@és CQ v@é&%\é\("é\lb \@’bb Q,o%'bb ‘20\'?)6 \\QQf‘\,b(\& \ (9& <<<b & o?zo @Q}@%@ %Q
S N
N

m 1st Batch m2nd Batch = 3rd Batch

Figure3¢ KS LJdzof AaKSR C9C¢{ fOraMhrde yoNeStidr(pro@edsksa Ay C

What is the number of company's

employees?
250
200
91
150
78
100 i
[l

; - i
0

1st Batch 2nd Batch 3rd Batch

m1to 10 employees m11to 50 employees m 251 or more employees

m 51 to 250 employees = Unkown
Figured¢ KS ydzYo SNJ 2 F O 2fof allithyead SliecionProdedisese S S a
3.2FEFTS speicitions and appliedector

Figure 5 shows the intended users of collected commercial FEFTS technologies (for each FEFTS, multiple
usergxategories that fit teeachusecould be selected}-or the first batch,drmers appear to be the
ones that will be tle most interested stakeholderf®r the collected FEFT&s B3 different FEFTS are

10
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GFNBSGSR (2 GKSAN) ySSRa® LyRdzAGNEZI LINBPRdJzOSNEQ
interested types of stakeholderd{, 80, 69 FEFTS respectively). Energy generators are also important,
as38technologies are intended for them. Contract and advisory services appear to be of less interest
regarding these technologies with or8® and 27 technologies for them respectively. Finaly, FEFTS

could be considered as important ones for Policy makers.

For the secontbatch, most of the FEFTS collect@i5) target¥ | NyreddEasit is always our focus.

This is followed bgompanies and industrpf which101 and 106FEFTServe theirinterest.t N2 R dzO S NB& O
associationgare targeted by 73 FEFTEhergy generat® contractorsand advisory services havl,

23 and 15 FEFT&rgetingthem. Finally, there ar&5 FEFTS that could be of consideration for policy
makers, andL.O for other audiences

The data in the third batch indicates a focus on providing technologies for farmers and prdducers
associations, with 172 technologies specifically tailored for farmerd 427 for LINE R dzO S NA& Q
associations. Thdistribution of commercial technologies fother user groups is as follows: 54 for

energy generators, 21 for contractors, 13 for advisory services, 5 for policy makers, 31 for companies,

52 for the industry, and f other user groupsthere is an emphasis on catering to energy generators,
contractors, advisory services, companies, and the industry. However, the number of technologies
intended for policy makers and other user groups is relatively lower.

Farmers ungrprisingly emerge as the primary intended users for the collected commercial FEFTS in
Figure 5, aligning with the project's focus on empowering farmers to reduce fossil fuel dependence.
However, companies, industry players, and producers' associations calsiprise major target
audiences. This highlights the multiplier effect of equipping agribusinesses and collectives with clean
technologies, rather than just individual farmers. Still, the relatively low number of solutions aimed at
advisors and policymaks point to gaps in providing tools targeted at influencers who can encourage
broader adoption.

Who will use the FEFTS?

600
500
400
300
200 I
B |
100 B
— —
0
Producer Energy
Farmer ... generato Contract AdVIS.OW Policy - Compani Industry =~ Other
Associati Services Makers es
on
m 3rd Batch 172 127 54 21 13 5 31 52 7
2nd Batch 215 73 41 23 15 15 101 100 10
1st Batch 133 80 38 30 27 11 69 47 21

1st Batch m2nd Batch m 3rd Batch

Figure5 User groups for which the commercial technologies are intefateall three
collection processes

11



AgroFossilFree Del. 2.10

Next, the FEFTS technology typanalyzedFigure 6). The majority of the commercial FEFTS submitted
for the T'batchare complete solutions7@) and hardvare (L11). Whereas, 8 commercial technologies
are software, while 6 are methodol@sand8 are procedurs.

For the second batchthere are moe hardware solutions129) than complete solution (86). More
software solutiors (32)appeared than the firstdtch. On the one hand, this might be due to our effort
to enhance the platform the platform and incorporate more digitalized services and tools, butedso
to the current growingtrend of digital technologies useThe rest of commerciaFEFTS are
methodolodes(2), procedues(3) andof other type (2).

Finally, in the 3rd batch, the distribution 6fEFT3$ as follows: 52 are categorized as complete
solutions, 90 as hardware, 14 as software, 10 as methodology, 29 as procedure, aimd@tfadl other
category. Across all three batches, hardware solutions consistently have the highest count, followed by
complete solutions. Software solutions have a smaller presence in comparison. Methodology,
procedure, and other categories have varyaogints across the batches.

The predominance of hardware solutions shown in Figure 6 aligns with the expectation that
commercial FEFTS will manifest as physical tools or systems that can be implemented on farms.
However, the steady increase in softwarewutimns across batchepoints to the growing role of data

driven, digital technologies like analytics, sensors, and Al to optimize energy usage. Complete solutions
integrating hardware and software could become more common to provide comprehensive dasabili
versus stanehlone products. For example, an anaerobic digester unit coupled with intelligent remote
monitoring and biogas optimization software. Methodologies and procedures also offer
commercialization potential in the form of standardized procesand protocols around energy
auditing, planning, maintenance etc. But few solutions are currently published in these segments.
Overall, the distribution across technology types indicates opportunities to move beyond a hardware
centric view, towards more tegrated systerndbased innovations combining physical and digital
technologies along with robust supporting methods.

What kind of solution is this FEFTS?

350
R—
250
20— m.
150
100
50 .
— [ —
Complete Hardware Software | Methodology Procedure Other
solution
m 3rd Batch 52 90 14 10 29
2nd Batch 86 129 32
1st Batch 79 111 18

1st Batch m2nd Batch m 3rd Batch
Figure6 The type of published commercial FEf6T 8ll three collection processes

Regarding theagricultural domain of these FEFTS (ofield agriculture, livestock facilities and
greenhouses), for the first batch, most of the commercial FEFTS are suitable and can be used in
applications of ope+ield crop production (118). 96 of the collected techwgies can be applied in
livestock buildings and 85 are applicable in greenhouses. This shows that most of the technologies are

12
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accessible in multiple agricultural domains (see Figure 7). For the second batch, most of the commercial
FEFTS can be used ditg in open field agriculture (127) and livestock buildings (126), while 113 for
greenhouses. Most of the commercial technologies can be used in multiple domains and this is the
reason the results do not sum up to the total number of Commercial FEFT $tedbm

In the 3rd batch, thdistribution of FEFT fllowsthe trend of the 2 previous batches with last category

being the greenhouses (70jollowed by livestock operations (92) and open field agriculture (89).
Overall, the FEFTS demonstrates its versatility by being used across various agricultural areas in each
batch. It is employed in greenhouses, livestock operations, and open field agriculturggttigh its
adaptability and potential benefits in optimizing energy usage and technology implementation in
diverse farming contexts.

Most technologies have cros®main applicability, underscoring the common challenges faced
regarding fossil energy usacross domains. However, customized innovations tailored to domain
specific needs could provide further gains. Analysis of energy consumption patterns within each sub
sector could reveal where more domairgeted solutions are needed.

Where is this FEFTS used?
400

s 126 127
100
83 926 118
0
Greenhouse Livestock Open field agriculture

1st Batch ®2nd Batch m 3rd Batch

Figure7 The agricultural domain of the published commercial FEFTEH three collection
processes

3.3FEFTS applicatidield

In the next diagram (Figure 8), the types of agricultural application of the collected commercial
technologies are preséed.

Most of the technologied the first batchare agricultural field practicesnd heating and cooling for
agricultural constructions anenergy provision, with 4 30 and 70 commercial products respectively
Vehicles have 13 technologigaiblished 11 technologies are registered under tool for process
heat/cold and4 for lighting. It should be mentioned that during the*screening procedure, all the
FEFTS that were listed as multiple technology applicativere categorized correctly as now the
platform allowsusersto choose more than one category for a FEFB&he second batch, most of the
technologies are agricultural field practices, energy provisionteold, with 65, 72 and 4 commercial
productsrespectivelyHeating and cooling of agricultural constructiagyet 39technologies supported,
while vehicles have4ltechnologies registered® technologies are registered under lighting, 6 for
process heat/cold and for heat sales to district heating.

In the 3rd batch, the FEFT@e primarily employed in the heating and cooling of agricultural
constructions, with a count of 3Zhey arealso used for process heat/cold purposes, with 11 instances.
Regarding lighting applications, there is only 1 instance of the FEFTS being utilized in the 3rd batch. In

13
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terms of agricultural field practices, the FEBf&leployed in 32 instances duringa3rd batch. When

it comes to vehicles, the FEFai® used in 6 instances during the 3rd batch. For tools related to
agricultural activities, the FEF&f employed in 26 instancesThe FEFT&e also involved in energy
provision, with 56 instances in tf3ed batch. Furthermore, in the 3rd batch, there are 5 instances,each
of heat sales to district heating and energy sales to external consumers.

What kind of agricultural application is this FEFTS for?
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Heating
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al Practices heating
constructi
ons
m 3rd Batch 34 11 1 32 6 26 56 5
m2nd Batch 39 6 9 65 14 47 72
m 1st Batch 30 5 4 41 14 11 70 0

m 1st Batch m2nd Batch m 3rd Batch

Figure8 Types of agricultural application of published FEFTS commercial techntdogiks
three collection processes

What is the type of this FEFTS?
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Figure9 Type of the published commercial FEFTS technologiab three collection
processes

Regarding the types of theublishedcommercialproducts during the first batchit can be seen in
Fgure 9 that most of them (%) are undetthe CleanEnergy Supply category, with @ available
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solutions, followed bys4 commercial products listed under Enericiencyimprovement, with the

ratio of 386. SoilCarbon Squestration hadhe least registration, v 9 products which correspond

to 5% of the total submission&or the second batchmore than half of the commercial technologies

(122) are forEnergyEficiencylmprovement(the currentgeopoliticalcondition might have an impact

on this changg with 76 FEFT8eing onclean energy supply and orily for Soil CarbonSequestration.

For the third batch, half of the FEFTS are listed under clean energy supply (76), followed by energy
efficiency 63), with only 12 carbon sequestration published.

It is clear that Soil Carb@equestrations a relatively smaller category compared to the other two.
However, it must be taken intaasideration that Carbon Sequestration in general is related more
with applying specific practices and methodologies rather than purchasing and implementing
commercial products that are available on the market.

3.3.1 Clean Energgupply

Thefigure below shows lhe energy type of the technologies under t@lean Energy Supply category.
EnergyProductionSystemTechnologies are mostly registeréat the first batch(89, 92%), whil&nergy
Sorage Systems stand for 8% (products listed in total)For the second batclhe situation is similar
to the first batch,with 76 commercial technologies registered undBnergy Production Systens
category while7 FEFTS und@&nergySorage Systens. For the third batch, more FEFa® published
under energy storage with a number of Z6€49. There are 49 energy production FEFTS published.

What is the energy type of this FEFTS?

250
150
100
50
0 .
Energy production Energy storage
m 3rd Batch 49 27
2nd Batch 76
1st Batch 89

1st Batch m2nd Batch m 3rd Batch

FigurelO The Energy type of published FEFTS commercial techndtogéighree collection
processes

Despite growth in energy storage solutions in the latest batch as observed in Figure 10, energy
production technologies still dominate the commercial FEFTS landscape. This highlights that
substituting fossil power with renewable energy generation remains the primary focus currently.
Making renewable energy storage more affordable and efficient could accektafion by providing
farmers steady clean energy even when generation fluctuates.

AsEnergyProduction System is the predominant type of technology, it is important to analyze the next
category which is theenewableenergysourcethat isusedfor the erergy production Figure 11 shows
that, for the first batchthe renewable energy sourdkat most FEFTS use@ssolarenergy(26 out of
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89), followed by biomasand wind energywith 22 and 18products registered in eactine of them
Sewagdreatment plant and biogasategoryhad 10 commercial products registerdebr the second
batch,the renewable energy source that most FEFTS use is still solar é8@xdgpllowed by biomass
(17), with 12 commercial technologies using wiadergyand9 of them using sewage treatment plant
gas/biogasesGeothermalenergyhad 2 products registered, anderothermalhad 4. No commercial
FEFTS used hydro and marine energy in the second batch.

For the third batch, biomass appeared to be the biggestewable errgy source (12 out of 49),
followed byhydro (10) and solar (10Both wind andsewage gas/biogases have 5 FEFTS listed, 3vhile
listed for marine energy and 2 for aerothermbllo commercial FEFTS publishedier geothermal in
the third batch.

What is the renewable energy source of Energy
production system?

Marine energy DSl
Aerothermal (ambient air) ISmzm2
Geothermal W20

Sewage treatment plant gas/biogasesmnio 9T msm
Biomass 22 17 7
Hydro ImGHOEEION.
Wind 18 12 [ 5|
Solar 26 30 10
0 10 20 30 40 50 60 70

1st Batch m2nd Batch m 3rd Batch

Figurell The renewable energy sources of Energy production syeteal three collection
processes

Figure 11 shows that solar, wind, and biomési®gas)energy are the leading renewable sources
leveraged so far, aligning witheir maturity and costompetitiveness. However, expanding into other
sources like hydro, geothermal, and marine energy could further diversify the toolkit, especially for
farms with suitable local resources. Needs and gaps will differ depending on tie&,reg mapping
relevant renewables to location can guide development.

Regarding the specific technologies farergy Production Systems, based on Figure ifor the first
batch,most of them are photovoltaics §2, wind turbines (8) andtechnologies based asolid biomass
conversion 20). For the second batghmost of the energy production system ugglbtovoltaics (8),

solid biomass conversidechnologieq13) and wind turbines (2). For the third batch, most of them
are solid biomassonversion and hydropower (10), followed by solar thermal and photovoltaics (12).
More solar thermal technologies were collectedthe third batchto complete the website searching
category.
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What is the technology used for Energy production

systems?
Wind turbines 18 120 wmsm
Solid biomass conversion EEEEE20EEEEEEEEEN SN0
Solar thermal DG
Photovoltaics 25 300 e
Hydropower © 6 OmmpQmm
Heat pumps 4 6 mm
Geothermal 4n0

Biogas / biomethane production s eesiomengi
0 10 20 30 40 50 60 70

m 1st Batch m2nd Batch m 3rd Batch

Figurel2 Specific technologies f&nergy production systenfar all three collection
processes

Among Photovoltaicgor the first batch,7 of them were about AgiPV systems, 10 of them were about
P\tarrays. Only 1 asPV on tools and vehicles (Figu®.1For the second batch, 18 of them are about
P\tarrays, 8 of them are about AgPV systems. Only 2 are PV on tools and vehicles ancdbBMing
system. For the third batch, as the total number on photovoltaics is not very high, the technologies are
spreadamongall the technologies.

What is the type of photovoltaic technology used?
35

30
25
20
15
10
5
0 .

PV on tools and PV mounting

Other

Agri-PV systems  PV-arrays

vehicles system
m 3rd Batch 1 2 1 0
m 2nd Batch 8 18 2 1
m 1st Batch 7 10 1 1

m 1st Batch m2nd Batch ® 3rd Batch

Figurel3 The published commercial technologies of the photovoltaic technojpgyor all
three collection processes

Figure 13 reveals a heavy skew towards PV arrays among collected photovoltaic technologies, with
fewer innovations in integrated agricultural PV and solar vehicles/tools. This represents potential gaps
in solutions tailored to farming contexts, rather than simply adopting general solar arrays.

As it was shown in Figure 12, solid biomass conversasth& second biggest category during the first
batch when referring to specific technologies for Energy Petido Systems. As a result, a further
analysis of this category was dofieigure 14). During the first batch, technologies operating with
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agricultural residues were registered the most, with 17 solutions dedicated. Technologies applicable
for wood log,energy crops and pellets have 6, 10 and 9 technologies submitted. No WEFTS
registered under wood chip&or the second batch, there is 9 FEFTS using agricultural residues, 7 using
wood chips and 4 for wood logs. 9 of the commercial technologies uggP®&o commercial FEFTS
werelisted under energy crops.

During thethird batch, a few new solutions in this category were listachong these FEFTBwere
under agricultural residues, 6 were under woodchips, 5 were under energy crops, and 4 were unde
pellets. Finally, there is 1 FERIFSerwood log.

What type of biomass does this FEFTS use?

35
'
25

20 <

- 4
. e L s 6

17 4
> 7 6 10 9
0 0
Agricultural residues  Wood chips Wood log Energy crops Pellets

1st Batch m2nd Batch m3rd Batch

Figurel4d The published commercial technologies of the biomass technfdogif three
collection processes

The prominence of agricultural residue apelletsconversion syiems shown in Figure 14 aligns with
leveraging existing farm waste streams. However, untapped potential exists in expanding into
dedicated energy crops to provide reliable biomass feedstock while enhancing the value of marginal
croplands.

Figure 15hows the energy range of the collected wind tngtechnologiesDuring thefirst batch, 11
of them weresmall wind turbines naging from 150KW, 4 of them werenedium wind turbines ranges
from 50-:999KW. This graph, in getation with kgure 5, showshat mostly farmers tend to invest in
small wind turbines for the farnm®s produce the energy required to cover their neeghereashigger
solutions tend to be used from companies andustries(where selling energy to the grid is of much
more interest) The second batch afommercial FEFTS collecteith equal amount of small and
medium wind turbineg6 for each).

For the third batch, most of the wind turbines collected were small onesw&) 2 mini turbines listed
under Other.There aredifferent types of wind turbine solutions because our objective was to fill all
the categores that had not been addressed in theeviousbatches

Small wind turbines dominate among published wind technologies in Figure 15, indicating they are
seen as better fitting the scale of farm energy needs. Policy and financial support may be lacking f
farmers to adopt larger wind systems. However, +saéle community wind projects could provide a
model to enhance viability.
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What is the type of wind turbines used?
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Large wind turbines Medium wind turbinesSmall wind turbines (1- Other
(>1 MW) (50-999 kW) 50 kW)

m 1st Batch m 2nd Batch m 3rd Batch

Figurel5 The published commercial technologies of the wind turbine fiypall three
collection processes

Figure B shows the specific technologies famergySorage Systens. During the first batch4 of them
were onintermediatebioenergy carriers, other 3 were @tectricity storageFor the second batch, the
mainenergy storageystems ara@boutelectricitywith 1 for intermediate bioenergy

For the third batch, the category is further developed as we published more FEFTS with heat storage
(7), which is not listed in previous batch&soring biogas/biofuels as intermediate carriers also enables
longerterm use as needed for transport or heagi Growth in offarm storage can help overcome
intermittent renewable generation.There are 14 commercial FEFTS listed under intermediate
bioenergy and 6 for electricity.

What is the technologies used for Energy storage
system?
20

15

10

. . i

Electricity Intermediate bioenergy Heat storage

m 1st Batch m2nd Batch m3rd Batch
Figurel6 Specific technologies for Energy storage sydt# all three collection processes
3.3.2Energy Efficiencymprovement

Despite Clean Energy Supplgtegory FEFTS related tBnergy Efficiency Improvementre also
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inventoried It can be seen from Figure 9 th#% of the registered commercitdchnologies are for
energy improvemenineasures.

Analyzing the results from this category it can be seen thaing the first batch most technologies
were for precision agriculturand efficientvehicles(19 and 173. Efficienttools were also important
with 15 technologies registered. Precision livestock farming and effioigluings were submitted with
1 and 8technologies separately. The detailed results are presented in FiguFodthe second batch,
it is clearthat efficient tools (8) and precifon agriculture (26¥till take up a large percentage of the
Energy Hficiency Improvement category It is worth noting that26 new technologiesrelated to
efficient buildings are also registereBEFTS dedicated tdfieient vehicles and precision livesk
farming arealsosubmittedwith 15 and 11 technologiesespectively

What kind of energy efficiency
improvement is it?
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Figurel7 The published commercial technologies of the energy improvementaypé
three collection processes

For the third batch, most of thenprovement method are still efficient tools (18 out &3). Efficient
building were listed for 16 FEFTile 10 were for precision agricultuend 9 for precision livestock
farming. Last but not the least, the efficient vehicles were listed under Sreengial FEFTS.

The predominance of tools, vehicles, and buildings related efficiency improvements seen in Figure 17
reflect the major direct energy uses on farms. Precision agriculture for input optimization also features
prominently, underscoring its potential to curlmdirect fossil fuel use. However, innovations in
practices like precision livestock farming remain relatively scarce, highlighting a gap in-emargy
farmingtechniques.

3.3.3 ®il carbonsequestration

As shown in Figure 9, not many technologies are registered undeZs8lodn Sequestration category.
Figure B illustrates thatfor the first batch,most of the tetinologiesinventoried were referring to
tillage (7, which accounted for8%in total), othertechnologies such ailorganic matter and soil and
water conservation techniques hauhly 1 registeredolutionby the consortiumFor the second batch
there are more different types of soil carbon sequestration methoallected.The mostechnologies
collectedwere referring totillage, with a number of @ in total. Other method collected, such as
nutrient management and soil anctop diversification are collected? times both. There is also 1
commercial technology regarding soil orgamatter and 2 for water conservation techniques
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Types of carbon sequestration
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Figurel8 The technologies published referring to carbon sequestration metoodd three
collection processes

Fa the third batch, the maintype of carbon sequestratiorsolution published vas nutrient
management (5 out of 12)illage is listed under 4 FEFTS, while soil organic matter is listed under 3
FEFTSOverall, allkinds of carbon sequestration methods weristed through the three collection
batches.

3.4FEFTS Environmental Assessnitegult

Overall, when combining the 3 aforementioned categories (Clean Energy Supply, Effigncy
Improvement and Soil Carbon Sequestration), fossil energy reduction is achieved either directly or
indirectly.

Regarding the direct energy inputijring the first batch, a great number of FEE®&d providedirect
fossil energy use reductiothrough tools and equipment electricity consumptidi@8), followed by
0dzAf RAY3aQ St SO ibddiOR X023/ &Ry ra&orsBnyd@higiles duel consumption
(47) and tools and equipmerfuel consumption (3). From Figure 20dor the first batchmog of the
commercial products werdedicated to slutions aboutelectricity consumption reduction douildings
and tools. For the second batchmany FEFTS reduce fossilergy use directly throughtools and
equipment electricity consumptiofl05). Other FEFT&duce fossiknergy usemostlyeitherreducing
tractorsCand vehicleSfuel consumption48), or through buildingCelectricity consumptiorreduction
(66). Some of the collected FEFTS reduce fossil fuel usage thredigbingtools and vehiclesfuel
consumption57)F YR 06 dzA f RA§UEQa KSI G dzasS o
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FEFTS with direct fossil energy use reduction
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Figurel9 How published FEFTS reduce fossil energy use diresthits from all three
collection processes

For the third batchp dzA £ RA y 3 apPearkdXd bé cotledt&l the most, with 51 FEFTS publjshed
followed by tools and equipment electricity consumptiorduction (40).. dzZA f RAy 3aQ St &
consumption hadeen listed36 times.While fuel consumption reduction on tools and equipment and

NI OU2NAE YR OSKAOfSa 6SNB tAaGSR wunm YR HT GAY
were alsoikted for 14 FEFTS.

The prevalence of solutions reducing building and equipment electricity usage seen in Figure 19 reflects
substantial direct fossil energy consumption for thesefamm loads. Innovations reducing tractor fuel

use are also wellepresented, targeting a major operational cost and GHG source. This shows
alignment with key energy hotspots identified in earlier project research.

Regarding the indirect energy inputs, for the first batch, it is evident from Figure 20 that, fossil energy
usewas reduced indirectly mostly through pesticide reduction and fertilizer reduction (23), tillage
reduction (18), followed by animal manure reduction. By analyzing this figure, pesticide, fertilizer and
tilage practiceswere the dominant indirect energy puts. This corresponds with the results of

l ANRPC2aaAf CNBESQa NBLRNI 5omeom 2y SySNHe& O2yadzy
commercial products specifically dedicated to reducing these inputs. For the second batch, most of the
technologiegeduce fossil energy use indirectly through fertilizer, pesticide and feed reduction, with a
number of 35, 29 and 17 respectively. Other reduction aspects, such medicine reduction (7), animal
health care (34), manure reduction (10) and tillage reductigra{8o play a role in this regard. There
areonly 2 commerciailechnologiesoncerning indirect reduce of fossil usage through seed reduction.

For the third batch, fertilizer continues to be the biggest number for energy use reduction (20),
followed byanimal healthcare (14). The increasing of animal healthcare from the second batch on may
be influenced by COVID as people paid more atteritiomealth issues. Other reduction aspects such

as pesticide reduction (9), manure reduction (6), tillage redudi@nmedicine and feed reduction (5

for each) and seed reductiod)(alsoplay a role in this regard
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FEFTS with indirect fossil energy use reduction
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Figure20 How published FEFTS reduce fossil energy use indirestlits from all three
collection processes

4. Conclusion andReflection

In conclusion, this report offers a comprehensive overview andeth analysis of the commercial
FEFTS collected as part of the AgroFossilFree project repository. The data clearly illustrates that the
majority of solutions focusn clean energy supply and energy efficiency improvement, with fewer
technologies related to soil carbon sequestration.

Regarding clean energy supply, the leading renewable sources leveraged across the collected
commercial FEFTS include solar energy, biomass, and wind power. Among these, solar photovoltaics
(PV arrays) are welepresented, while biomass predominantly ralien solid fuel conversion systems

using agricultural residues apéllets Small scale wind turbines, designed foffarm usage, dominate

the landscape over large scale alternatives.

These commercial FEFTS demonstrate remarkable versatility in theintabtapplications across
diverse agricultural domains. While catering to farmers' needs, many products are also relevant for
greenhouses, open field farming, and livestock operations. The solutions aim to promote fossil fuel
reduction and sustainable engy usage by targeting direct energy inputs like electricity and fuel, as
well as indirect inputs like fertilizers and pesticides.

Energy efficiency improvement technologies hold a significant share of the market, focusing on
reducing equipment and tractoelectricity and fuel usage. Another key area of focus is precision
agriculture, optimizing input usage for enhanced efficiency.

While current soil carbon sequestration solutions are relatively scarce, techniques like conservation
tillage, nutrient managment, crop diversification etcoffer opportunities to sequester carbon and
offset emissions.

In summary, thegpublishedcommercial FEFTS span a wide range of technical applications, addressing
all major facets of agricultural productiofihe consortium worked as a unified partnership with all
beneficiaries contributing with their maximum effort. We achieved 542 registered and published
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Commercial Products thanks to teamwork and the overall diverse contribution. Given the KPI of 1700
FEF$ (of any type) for our repository until the end of the project, both the initial goals that had been
set and the vivid reaction of all partners, allowed for a successful completion of this task and exceeding
the KPI by more than 250 FEFB$ disseminatig these commercial innovations, the AgroFossilFree
project aims to catalyze the transition to fosge farming in Europe and globally.
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Annexes
Annex A: Commercial Products retrieved from survey

The following link is the online spreadsheet which contalhthe commercial products retrieved
from all threebatches.

https://docs.google.com/spreadsheets/d/1pu
YORCg1xHgXnSTXdjVwpn7soJplBQbis@dM/edit#gid=0
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Annex B: Commercial Products Survey

As it is mentioned in the report, with the official launchtioé AgEnergy platform the use tfe Google

forms survey was discontinued. Instead, all interested users can now submit their FEFTS directly in the
LJ I ( Fsanhyry simply creating a free account fiféte following link is the AgEnergy platform.

https://platform.agrofossilfree.eu/en
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Annex C: Promotional letter for the companies to register their commercial
products

AG%Q ®
FOSSI
Dear Sir/Madam, F R E E

Taking into consideration the profile of your company we would like to inform you about the
AgroFossilFree Project (https://www agrofossilfree eu/), which is supported by the European Union
through the Horizon 2020 programmie, and its goals that would also benefit your entity in multiple ways.

The main goal of AgroFossilFree project is to pave the way for the de-fossilisation of the European
agriculture by diminishing fossil energy dependence of all agricultural domains (open-field and
controlled-environment crops and livestock). To do so, AgroFossilFree will:

evaluate the current energy use status of EU agriculture

assess farmers’ needs and interests

discuss solutions thoroughly with all related stakeholders through online and physical workshops
e recommend a dedicated research roadmap and policy guidelines for the EU

to achieve more efficient and alternative energy use in agricultural activities with simultaneous GHG
emissions reduction.

In this context, the project’s main instrument to reach out to stakeholders will be an informative and
easy-to-use ICT tool, named AgEnergy Platform, which will provide information regarding available
Fossil-Energy-Free Technologies and Strategies (FEFTS) that could be applied in the agricultural
environment. As an auxiliary tool, the Platform will be accompanied by a Decision Support Toolkit (DST)
to propose interventions and financing tools based on users’ requirements.

AgroFossilFree is expected to become very popular due to its currently “hot” subject and its diversity of
production systems and agro-climatic zones, but also due to its AgEnergy platform that is expected to:

o gain high visibility (EU channels, social media, etc.) for the next 3 years, plus at least another 5 years
that will remain open and fully operational after the project’s end

e be 2 one-stop shop for your technclogies and strategies to be presented to possible customers

e contain all important information for your technology, directly given in a single-webpage mock-up
card in an easy and understandable way especially for farmers as end-users

o allow your technology to be searched by end-users with multiple criteria and a DST, so to be found
from the stakeholders that could act as possible customers

We kindly invite you to register your products in the relevant Google Forms* and consult the relevant
submission tutorial video**. Your technology will be available to end-users after the launch of AgEnergy
platform on October 1%, 2021.

For those of you who do not have the time to upload your technology, we can do it for you after your
consent.

Yours sincerely,

AgroFossilFree Team

*Goegic farma lick: hiszad/desaamsalz samifaema
**Tutzne videe link: eps /. yzutobe sem),
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Annex DVideo on FEFTS registration

The following link is the video that INI created to attract companies and stakeholders to register their
FEFTSittps://www.youtube.com/watth?v=ouquCgDuFsY&ab channel=AgrofossilFree
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