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Project Overviewg, Introduction RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

flntensiveLivestock Farmings one of the mosénergy consumingulb-
sectors of agriculture, mainly based on fossil fuels <
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TECHNOLOGIES INVENTORY Optimisation Smart control

Adapted RES Standard solutions S
&5 Simulation

e Energy
AR\ PVT system : —
O efficiency lg% Optimised design

=~ Organic
Heat Pump ~&" Ranking Cycle E@ Integrated solutions

. . T\ Electirc
7= Biogas upgrading tractors Smart energy control
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Demonstration in 4 plot farms technical/ economic/ enviromental assessments

Integration/ replication, co-design with end-users,
cost-effective solutions, communications, ...

FOSSIL - ENERGY FREE FARMING

FEQMONIKO NANENIETHMIO AGHNON R E S 4 L I V E
f -;-“._‘-_‘- AGRICULTURAL UNIVERSITY OF ATHENS

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

A 100%replacement of fossil energin intensive livestock
farming sectorutilizing Renewable Energy Sources (RES)

A A combination of technologies and solutionsill be
installed and evaluated in 4 livestock farms

Market integrated, coseffective & casesensitive
RES solutions towards fossée livestock farming
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Project Overviewg Next steps

Project start 2020

WP 1:
Adaptation of
innovative RES
technologies for
livestock farms

P

WP 2:
Market available
RES and energy

efficiency solutions,

measures and
practices for
livestock farms

WP 3: WP 4.
Livestock farm Implementation
energy flows and testing of
assessment, the solutions in
smart control pilot farms

and simulation

& RESALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

[WPl & WPZ Completed

WP 5:

rWPBQ Completed (TBD)

i  WP4¢ Testing and monitoring of solutions

socio-economic

and

environmental
assessment

Project end 2024

WP 6:
Clustering \.

(WP5C Continue with LCA/ LCC models

Focus on Technical assessment

Fill out social assessment questionnai

ale

=

through

stakeholders
engagement

\_

(WPGC Policy recommendations

Complete Workshops
Case studies and Best practices

WP7¢ Cluster expansion, PAs
Exploitation, Innovation management )

J

www.res4live.eu
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Farrowc to ¢ finish farm RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

A 105 sows, 600 piglets, 750 fattening pigs A -
Current: it | 11
A 60kW gas heater with gas consumption ~220MWh/yeal |f £ ! |

A No cooling system

A Hotracomechanical ventilation system controlled
via temperature (together with heating)

A Gas cannon

RES4LIVE:
A Smart energy & ventilation control (1 comp.)
A 2 modular heat pumps of each 30kW or 1 cascade HP
A PVT collectors for cold side of heat pump

www.res4live.eu
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Renewable energy sources installed at the pig RES4LIVE

f ar m ENERGY SMART LIVESTOCK FARMING
. ] , TOWARDS ZERQ FOSSIL FUEL CONSUMPTION

www.resdlive.eu
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Monitoring & performance evaluation hybrid solar RES4| IVE
system U

Solar irradiance

T ambient ﬂ Heat transfer fluid (HTF) = 35 % glycol + 65 % water mixt
Qin =mpc, AT

Q¢n = Heat gain from the PVT [W]

Heat pump Domestic kg
assembly hot water m = mass flow rate (1 or 2) ’—}
Dry cooler l I k S
i T W E— ,
Heh | . p = density HTF “9
temperature 1 Air heater m3
Sosrzle ] nestpume c, = specific heat capacity HTF L
control unit 4*TS p = 5P p Y kgK
| I -l AT = temperature dif ference [K]
1S=5 Medi
Flow2 eaium .
temperature Floor heating _|TS1+TS8
| AT,= — TS4
— heat pump 2
TS-6 AT,= [TS5 —TS6 ]
www.resdlive.eu
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Test runs: Heat pump RESALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

AMany short runs (for 7
hours max )

ALong runs

A28/11/2023 to 01/12/2023
(defrost)

A29/01/2024 to 07/02/2024
(fuse + relay)

A07/03/2024 to 19/03/2024
(Noise)
A07/05/2024 to present (OK)

www.resdlive.eu
27/06/2024 - . This project has received funding from the European Union's Horizon 2020 research and innovation -_— @ 11
programme under grant agreement No.101000785 .



PVT panels at ILVO

RES Technical room

RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Roof tiles

1945 mm

Horizontal bars
PVT panel

«— PVT support rail

/

Vertical wall
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PVT panels at ILVO RES4L|VE

TOWARDS ZERO FOSSIL FUEL CONSUMPTION

PVT panels

(1)

Horizontal rail Vertical rail

www.resdlive.eu
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3. EVILVO /I SwineBelgium (1)
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RES4ALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Legend

1.

System boundaries

2.

New (RES) system

6.

7.

. Existing equipment (or a part of it)

. Product flow I

. Electrical energy flow

Thermal energy ‘

Electrical energy flow of interest

(consumed or produced by our systems)

8.
9.

Fuel flow ‘
Onfarm emissions ‘

10. Fuel, energy, or emission flow to be
calculated or measured

)



3. EVILVO /I SwineBelgium (2)
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RES4ALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Legend

1. System boundaries

2. New (RES) system

3. Existing equipment (or a part of it)

4. Product flow I

5. Electrical energy flow

6. Thermal energy ‘

7. Electrical energy flow of interest
(consumed or produced by our systems)

8. Fuel flow ‘
9. Onfarm emissions ‘

10. Fuel, energy, or emission flow to be

calculated or measured



RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

LVAT Dairy Farm, Germany

www.res4live.eu
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LVAT Dairy Farm, Germany
;X;) RES4ALIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Overview of interventions on the farm KiEs —<sw

Main dairy cow barn:

A Integrationof a PVTsystem |
with heatstoragein the
heatrecoverysystem

A Implementationof energy

meters

- Biogas plant:

1 A Implementationof gas

' compositionsensors

A Novelfarm-scaleCNG
filling station

A Operationof a CNGfueled

tractor

Welfaredairy cowbarn:

A Installationof a tube ventilation
systemwith smartclimatecontrol T

A Fusionof sensordatafrom animatspecific . ”
and environmemtalraits to predictheat | )
stress

programme under grant agreement No.101000785

resdlive.eu
AT This project has received funding from the European Union's Horizon 2020 research and innovation B . 17



LVAT Dairy Farm, Germany RES4L|IVE

ENERGY SMART LIVESTOCK FARMING

CNG ConverSIOn plant’ fl”lng Statlon and CNG traCtor TOWARDS ZERO FOSSIL FUEL CONSUMPTION

A Activities and outcome

A Boththe CNGconversiorplant with filling station andthe tractor
retrofitted for CNQusagehavebeenestablishedon the LVATfarm

andwork asintended
A Datamonitoringis ongoing

A Challengesind deviations

A Finalpositionof the CNGconversiorplant inthe farm hadto be
changedo havemore distanceto the biogasplant

A Proces®f approvalby localauthoritiestook longerthan expected

A Next steps
A Address items missing for final approval (fire safety)
A Continue monitoring and optimizirgioCNGproduction

A MeasureBioCNGonsumption for different tasks with the CNG
tractor

programme under grant agreement No.101000785

www.res4live.eu
S This project has received funding from the European Union's Horizon 2020 research and innovation - 18



LVAT Dairy Farm, Germany RES4L|IVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Ongoing matters with the CNG plant (1)

A First key figure from data:

A ca. 1 kWh electricity consumption per | @L s U
Nm/h Bio-CNG for gas separation and ~ ES9aass S
compression to 240 bar e

A (corresponds to ~-A0%individualenergy
requiremeny

%

A This performance value (kWh) is tried to
be optimized in the demonstration period

Sl
.

BioGexhibiting the second pilot plant (35°m
at the Karpfhamtrade fair

www.res4live.eu
nd . . AT This project has received funding from the European Union's Horizon 2020 research and innovation B . 19
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LVAT Dairy Farm, Germany RES4L|IVE

ENERGY SMART LIVESTOCK FARMING

PV I System TOWARDS ZERQ FOSSIL FUEL CONSUMPTION

A Activities and outcome

A The PV Bystemwasinstalledandconnectecdto the
LVATarm by MG

A Challengesind deviations

A Nodeviations

A 1t wasdifficult to find localcraftsmento assistin the
Installationof the PVTsystem whichdelayedthe
installationprocess

A Next steps
A Connectinghe powerline to the farm grid

A Continue monitoring the production of electrical
power and warm water resAtivead

AT This project has received funding from the European Union's Horizon 2020 research and innovation B . 20
programme under grant agreement No.101000785




LVAT Dairy Farm, Germany RESA4LIVE

Finished installation of the PVT system (LVAT) 0 L

L P A %

~www.resélive.eu
AT This project has received funding from the European Union's Horizon 2020 research and innovation B . 21
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4. LVAT /I Dairy cows Germany (1) RES4LIVE

GRI D ENERGY SMART LIVESTOCK FARMING

B E FO R E ELECTR'C'TY TOWARDS ZERO FOSSIL FUEL CONSUMPTION

:> 2. Electric boiler fo the rest Barn 1
of the farm

Manure lr .
Biogas

1. BIOGAS DIGESTE ICE ' > 3. Barn ventilation
— ) > UL e Bam2

S )
% o to the rest
z o of the farm .
S S I Emissions
n n FUELE 4. Diesel tractor —
Legend
1. System boundaries 8. Fuelflow '
| 5. Electrical energy flow 9. Onfarm emissions I
2. New (RES) system
6. Thermal ener ‘
- _ _ i 10. Fuel, energy, or emission flow to be >
3. Existing equipment (ora part of it) - 7 pgiecyrical energy flow of interest calculated or measured

(consumed or produced by our systems)



4. LVAT /I Dairy cows Germany (2)

AFTER

ELECTRICITY

PVT panel RES4L|VE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

GRID

- :> 2. Electric boiler 0 the rest B 1
B—= of the farm PamMm

>

Manure Biogas

mmmmm) 1. BIOGAS DIGESTER

BioCNG

SUOISSIW

ICE ' > NEW Barn Ventilation
Barn 2
System

3
3 to the rest
£ of the farm
>
n

Emissions

BioCH4 Tractor sy

Legend

1. System boundaries

2. New (RES) system

3. Existing equipment (or a part of it)

8. Fuel flow ‘

5. Electrical energy flow 9. Onfarm emissions )
6. Thermal ener —

& 10. Fuel, energy, or emission flow to be 23 )
7. Electrical energy flow of interest calculated or measured

(consumed or produced by our systems)



RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

WP4: AUApilot farm

/> TEQMONIKO MANEMIZTHMIO AGHNON
{7 AGRICULTURAL UNIVERSITY OF ATHENS

- This project has received funding from the European Union's Horizon 2020
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ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Photovoltaics @
Heat pump @
Snart control system @

Renovation@ —

LEDS@

-r“/
Air ventilation r
Heat I

Recovery

>7
Air conditioned
air

0% Mo

~

www.res4live.eu
28/26/2023 This project has received funding from the European Union's Horizon 2020 research and innovation o5
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ENERGY SMART LIVESTOCK FARMING

2 TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Photovoltaics @ RESALIVE

Power Inverter

Total Power (W)

Gl

g

D

1711 10:00:00 1711 20:00:00 2/11 06:00:00 2/11 16:00:00 3/11 02:00:00 3/11 12:00:00 3/11 22:00:00 4/11 08:00:00 4/11 18:00:00 5/11 04:00:00 5/11 14:00:00 6/11 00:00:00 6/11 10:00:00 6/11 20:00:00
Date Time

— Total Power (W) (Total Power (W)

Device 5 TempHum
temperature
30
125 F
bo Device 5 TempHum
humidity
15
20
10
00
5
2 —
. S e —
1/17 10:00:00 1/11 20:00:00 2/11 06:00:00 2/17 16:00:00 3/11 02:00:00 & -—
40
20
[}
1/11 10:00:00 1/11 20:00:00 2/11 06:00:00 2/11 16:00:00 3711 02:00:00 3711 12:00:00 3/11 22:00:00 4/11 08:00:00 4/11 18:00:00 5/11 04:00:00 5/11 14:00:00 6/11 00:00:00 6/11 10:00:00 6/11 20:00:00)
www.res4live.eu
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Heat Pump and Ventilation RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

www.res4live.eu
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Heat Pump and Ventilation

Setback

A More dust that initially expected due to minimum ACH approac

www.res4live.eu

28/26/2023 . This project has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No.101000785
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Heat Pump and Ventilation RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Additional centrifugal fan in series

programme under grant agreement No.101000785

www.res4live.eu
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Heat Pump and Ventilation RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Additional centrifugal fan in series

www.res4live.eu

28/26/2023 This project has received funding from the European Union's Horizon 2020 research and innovation 30
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Heat Pump and Ventilation RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

New axial fan

Pullets
(West)

www.res4live.eu

28/26/2023 This project has received funding from the European Union's Horizon 2020 research and innovation 31
programme under grant agreement No.101000785



Heat Pump and Ventilation RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

New axial fan

Munters EM36

www.res4live.eu
28/26/2023 This project has received funding from the European Union's Horizon 2020 research and innovation 32
programme under grant agreement No.101000785



1. AUA /I Laying hens Greece

BEFORE

Hens ($)

Eggs ($)

PULLET

LAYERS

Misc. Equipment

GRID E@cCTRICITY

AFTER

Hens ($)

Eggs ($)

PULLET:

PV panelii} R RL2
I::'; LEDs
GRID Smart Control
ELECTRICITY Misc. Equipment

RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Legend

1. System boundaries

2. New (RES) system

3. Existing equipment (or a part of it)

4. Product flow I

5. Electrical energy flow

6. Thermal energy ‘

7. Electrical energy flow of interest
(consumed or produced by our systems)

10. Fuel, energy, or emission flow to be
calculated or measured



RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

Clustering through stakeholders engagement

- This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No.101000785




Task 6.2 Galesign process towards energy smart

agriculture- Next steps RES4LIVE

| Greece | Germany Belgium Ital

AUA ATB/LVAT ILVOUGent UNIBO/GOLINELLI
28 September2022 25 January 2023 - Agri

st Round 30 April 2024 oitNG  FlandersExpo 2 Qepiner Al

national Agriculturaland

' filli ' -
Agricultural illing station 1 February 2023 Livestockexhibition

Universityof Athens Interwaas

18 June 2024
Cool Energy, Iin

8 June 2024.andpartie collaboration with

14 December 2023 21 February 2024

Round

in Brandenburg &coolpigag | Y R Bologna
coolchickens
Round April - July 2024 In progress 18 June2024 9 September 2024

programme under grant agreement No.101000785
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Dissemination and Communication Plan and Activities

Participation at international events & conferences

EVENT

12th Conference of Hellenic Association of
AgriculturalEngineers presentation

21-22 October 2021

AUA

ISESolarWorld Congress

25-29 October 2021

MG Sustainablg
Engineering Ab

Workshopon the implementationof GreenDeal| 10 December 2021 AUA

and Farmto-Fork Strategyin the agri-food sector

- presentation

1st AREAZEROAIlliancefor RenewableEnergyin | 24 March 2022 AUA
Agricultureand ZeroFossiEnergywWebinar

3rd GreekAgroFossilFreeab(in Greek) 12 May 2022 AUA

1st AgroFossilFree Transnational Innovation| 14 June 2022 AUA
Workshopfor Greenhouses

Geoscience®r a sustainablduture 19-21 September 2022 UNIBO
EUSEVExtendedProgramme 19-23 September2022 EUREC, AUA
AgEng_andTechniR022 22-23November2022 AUA, UNIBO
TheXXCIGRNorld Congres2022 5-9 December2022 AUA, UNIBO
Zootechnid2023 4 February2023 AUA
Inaugurationof ForezEnergymethanizatiornsite | 3 March2023 CMRT
SolarPACES 10-13 October 2023 MG Sustainablg

Engineering Ab

902 Y2 fFar2 Qa

7 November 2023

AUA

IEEEInternational Workshop on Metrology for
Agricultureand Forestry MetroAgriFor Pisa

6-8 November 2023

UNIBO

ISESolarwWorld Congress

30 October 2028 4

MG Sustainablg

www.res4live.eu

November 2023 Engineering AB
PorciForumLLeida March 2024 UNIBO
CIGR5outhCorea May 2024 UNIBO
AgEndgAthens June2024 All
EAAR-lorence September024 All
——

2nd Review Meeting
Friday26/01/2024

RES4LIVE

ENERGY SMART LIVESTOCK FARMING
TOWARDS ZERO FOSSIL FUEL CONSUMPTION

National Workshops
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