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Renewables will become world's largest electricity source within — U

Renewables
10,799 TWh

three years, IEA data reveals
Global electricity generstion by source, 2022-2025, TWh
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With agrivoltaics ‘we don’t have to
chcAQrNPV yeeAQriSuneySun farming

producing food’

By Angeli Mehta
March 20, 2023 1:17 PM GMT+1 - Updated a year ago D Aa <

Industry Inslght from Ethical Corporation Magazine, a part of Thomson Reuters,

Sheep browse among solar panels i a field. Jake Janski/Enel Creen PowerfHandour wia REUTERS Purcnase Licensing Rights 4




Different ways of combining agricultur and —.
solar energy around the world N
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Italian scientific entities
publish new regulatory
practices for agrivoltaics

Italian scientific institutions have published new regulatory
practices for agrivoltaics, with a specific focus on electricity
production, agricultural output, and landscape preservation.

AUGUST 8, 2023 SERGIO MATALUCCI
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AgriSun Iin arctic areas N

e Special challenges related frost and snow
e The solar position in the sky
 Solar radiation and plant growth

* Only 3% arable land
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Simulation of energy production

3 rows with vertical bifacial-modules
(Huasun Himalaya M6 Series 460 W, 144-cell Bifacial HJT Half Cell Solar Module)

{a) Oppsett 2.1. (b) Oppsett 2.2.

1_1 Framasden aw pancler
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Simulation of plant growth

e Canadian Timothy Model (CATIMO) (Helge Bonesmo og Gilles Bélanger)




Total energiproduksjon ved ulike radavstander
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Figur 4.1: Arlig energiproduksjon for de ulike oppsettene fremstilt grafisk.
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Figur 4.2: Manedlig produksjon for alle oppsett fremstill grafisk,

Tabell 4.7: Arlig gjennomsnittlig gressproduksjon med og uten s
Prosentandelen er gitt som prosent av mulig produksjon pa ar

Gressproduksjon [kg/1000n

Radavstand Arlig gj.snitt med skygge Arliggj.sr
4m 832,1
9m 880,4
13 m 893,3
20m 903,5




Conclusion from simulations

e Yearly production from a 27kWp plant mounted East-West
will have yield of ca 1000 kWh/kWp (similar to a
conventional plant facing South

e G@Grass production expected to be 90-97% (4m — 20m row

distance) compared to area without PV (100% including
uncertainties)




%5 Skjetlein videregaende skole FINN ANSATT

Nyhetsarkiv .~ Soldeling

Soldeling - a dele pa sola

SOK




September 2024







LAMOBRLIK  Simoes - e meat ENakAPILILE LUNVETSTT  Pomyweah e Mabiliw

Solcellepanel-forsgk pa
Universitetet i As: - Hvis det
lykkes, vil det veere en ekstra
inntektskilde for bendene

IREFEAMEINT. Fuameserw Lo Svivrofle sher dvbhafe sllevier Ga grosscalat fmt Lo Olsenyd bl

e ey Bwkics Fuitdisea. 25,05 2& 0352 Del

Mandag dukket det opp noe nytt pa forseksjordet tl Norges millje-og
biovirenskapelige universitet. Forskerne er spent pa hwa resulratens kansi
for landbruket og bandene.







Plans for 2025

Planting grains between and around the solar park
Monitoring plant growth with multispectral images and LiDAR
Sensors for temperature and moisture

Yield measurements

Snow depth

Power production

e Logging power production
* Monitor degradation of PV panels




... to be continued...



HandsFree
Hectare

An Innovate UK funded collaborative feasibility
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What is agriculture? The few feeding the many
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What are the challenges to come?

1. To feed a growing global population

PROJECTED WORLD POPULATION 2. Whilst the climate changes

18

High Prajection

16 3. Limiting use of resources — Net Zero
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How to meet the challenge? — Precision Farming

\
/—

‘Measure Variation Conventional or  whole field
' - Traditional Farming

* Improve sustainability:
reduced waste &
increase efficiency

—p | Current PF Sub-Field
e Adopt Precision
. AR
Farming management it
5 .g - Agronomic e Future Plant Single Plant /’; ;5
methods: 4x Rights  Decision L A1
\ e
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Agricultural problems

Reduced rural labour = ever larger machines
Limited time windows = ever larger machines
One-upmanship = ever larger machines

Lack of resolution for PF cause large machines

e Precision
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Small robot paradigm - the future?

Increased resolution = improved PF = margin gain?

Reduced compaction (tackle cause) = increase yield? S s

Robots operate in “swarms” = same area covered

Swarm requires management = job retained

Future plant scale robotic
management

Small vehicles are intrinsically safer

40hp scale farming
A first step to field robotics

Over a 150 times reduction

f{é’? PreCiSiOnl Energy implication??? Harper a_l\dams
=¥ Decisions N




10m Turning
Headland

ands Free Hectare

Crop Area

“Automated machines growing the first arable crop
remotely, without operators in the driving seats or [Tiomzom
agronomists on the ground” Fenced Area

5m Access
Headland

Project objective
1. World first automated field growing cycle: drilling,

husbandry/agronomy and harvest o il 39 | PO 5 i HUTCHINSONS
2. Challenge perception of automation capability and iy
inspire through media coverage
3. Utilising machinery and technologies that are .
available and affordable not bespoke and
expensive:

Commercial compact Ag machinery

“Open source” automation .
4. 1 year project.... One chance - KISS!! .
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ands Free Hectare — getting funded
HY did they back us: Innovate UK

. Strong Collaboration

. World First

. Value - £200k

. Clear plan

L,_.,m Precision

8 p’ Harper Adams
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University




Hands Free Hectare — collaborate successfully

1. Integrated autonomous working — Skunkworks

2. Weekly progress and planning meeting
3. Time and reputation pressure
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Outwood communication

e Regular press releases

e Regular multi planform social media updates

e Formal-ish press days with real work
* Mixed media — wide audience
e Take over GOOGLE!!

w0 Press release 1

Field to be farmed exclusively by robots -
a world-first

Ina world-first, members of Harper Adams University engineering stath, supported and led by precision
farming specialist Precision Decisions Lid, are attempting to grow and harvest a liectare of cereal crops,

all without stepping & foot into the el

Me project entitled "Hands Free Hectare' las recently got underway, with the team having o create

their first autenomous frming machinery, ready for didlling a spoing crop in March
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%'{ \ Kit Franklin
This evening | gave a whole new meaning to
the term #windowfarming overseeing ]

autonomous tractor operations in
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Impact — “good” publicity —
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3,944 Followers = w
* Facebook S\

1,654 Followers

Posts reaching 40,000
* YouTube

534 Subscribers

105,000 Views

Publications across 85+ Countries
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Hands Free Hectare — original system
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Hands Free Hectare — Precision issues

Harper Adams
University




HFH2 AHDB funding — Autonomy improvements

| Oct-Mar Rain 117/160 days
14t of March

Harper Adams
University
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Hands Free Farm — Route planning
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Hands Free Farm — winter crop establishment
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Hands Free Farm — follow me
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Hands Free Farm — “swarm” establishment
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Hands Free Farm — Wheat Harvest
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Hands Free Farm — Yield Results 2022

Winter wheat:

Blue Pit 14.98T/1.6ha = 9.19t/ha

' Top Adney 32.86T/3.4ha = 9.67t/ha
A =9.56t/ha

Spring barley:
Middle Moor 41.44T/9.92ha = 4.18t/ha
l Near Moor 49.36T/12.61ha = 3.91t/ha
A =4.03t/ha

Harvesting 4ha (c10 acre) per day at peak Winter beans:
Poors Land 22T/5ha = 4.4t/ha

recision @ Harper Adams -

: F.ﬂ.nmsmm
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Output — HFH Linear Programming Farm Model

Economics of autonomous
equipment for arable farms

James Lowenberg-DeBoer, Kit Franklin, Karl Behrendt &
Richard Godwin

HFH autonomous equipment (28kW tractor), 10%
supervisor intervention

HFH sized conventional equipment (28kW tractor)
Medium conventional equipment (112kW tractor)

Large conventional equipment (221kW tractor)

180
170
160
150
140

Unit Cost of Production (£/1)

A%‘H kW -4~ Conv. -@ Autonomous

\28 kW
ITKWL -
& S 112KW

S - 221 kW

i
28 kW! ;
\'“—==h_f'_ﬁv;__ 28 kW3
=a
200 400 600

Farm Size (ha)

Figure 1. Wheat Unit Production Cost (£/ton) for Farms Equipped with Conventional or

Autonomous Machines across a Range of Farm Sizes and with Operator Labour Cost

Allocated
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Output — HFH Linear Programming Farm Model

With crop robotics equipment investment
could be reduced by greater than 50%

e The HFH economic analysis was based on
cost of retrofitting conventional small scale

farm equipment

* In the HFH example, equipment investment
reduced because small equipment used

more intensively

e With crop robotics, expansion occurs with
multiple small units, instead of larger

machines

200000

£/farm
800000

723,500

TORIA0
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® Convertional @ Robotic
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Output —

Field

S0%
20%
70%
B0%
50%

40%

Field Efficiency

30%
20%
10%

0

Al-Ami

Economic Implications of Field Size for Autonomous Crop Robotics

Efficiency: Subject to Field Sizes

Estimated Average Whole Farm Field Efficiency for Large and
small Equipment in Different Sized Rectangular Fields

#® Hands Free Hectare (HFH) equipment (38 hp)

® Large conventional equipment with human operator (296 hp)

] Small conventianal equlpment with human operator (150 hp)
Eﬂﬁaﬂfk

Fiata
55%
49%
|H£| I I I | |

lha 10 hf/ 20 ha S0 ha 75 ha
Field Size

n et al. (2021).
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Output — HFH Linear Programming Farm Model

Economica | Iy Optimal Su pervision Of ro bots Wheat cost curves of incident scenarios vs baseline robot &

conventional scenarios

depends on human involvement needed

e Some countries require on-site human
supervision of crop robots.

e |f economics were allowed to determine
robot supervision it would depend several
factors, including:

* Frequency of incidents requiring human
intervention.

e Human reaction time

* Travel time from the remote supervision site to the
field.

* Preliminary estimates indicate that farmers s,
would choose remote supervision if the robot i
is relatively trouble free and on-site
supervision if intervention was required
frequently.

Wheat cost [E/MT)

Harper Adams
University
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Hands Free Farm — Time
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Data analysis opportunities

predicted vs actual operation time
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Output — Safe/Certified operation collaborations

@
BS 8646:
S l Use of crop robots in agriculture and
T3 @ horticulture — Code of practice
' l Ofcom
¢y NFU Mutual aking communications work

INSURANCE | PENSIONS | INVESTMENTS for everyone

-|2| Off-Highway Automated
THE FUTLIRE i i
| mm o mansport | Vehicles Code of Practice

=+ 2

UK Gov Code of Practice:
Automated vehicle trialling HSE

Harper Adams
University
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Hands Free Farm Route olanning/accuracy
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Autonomous enabled agroecology

Beans = Barley Beans | Barley . Beans = Barley

q
= o]

s
T

Source: Ditzler and Driessen, 2022 — Wageningen workshop 2019
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Hands Free Strip Cropping
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Hands Free Regenerative paddock fencing “RotoFence”
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Constable’s “Wheat Field” reimagined for 2050
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ENHANCING PRECISION WEEDING WITH YOLOV11 OBJECT TRACKING
FOR ROBUST EARLY CROP DETECTION AS A FOUNDATION
FOR FUTURE ORGANIC PRECISION SPRAYING TRIALS

Michael Sgndergaard Ngrbo MADSE

/ 5TH NJF AGROMEK MICHAEL SONDERGAARD NZRBO MADSEN*, SOREN KELSTRUP SKOVSEN, BO MELANDER,
v - EURAGENG JOINT SEMINAR 2024 RASMUS NYHO LM JZRGENSEN




PRECISION WEEDING ENHANCED WITH YOLOV11T:
A GAME-CHANGER FOR CONVENTIONAL & ORGANIC FARMING 7

/ 5TH NJF AGROMEK MICHAEL SONDERG AARD N@RBO MADSEN*, SGREN KELSTRUP SKOVSEN, BO MELANDER,
v - EURAGENG JOINT SEMINAR 2024 RASMUS NYHOLM J@RGENSEN



COMPUTER VISION CONCEPTS

/ 5TH NJF AGROMEK
v - EURAGENG JOINT SEMINAR 2024

MICHAEL SONDERG AARD N@RBO MADSEN*, SGREN KELSTRUP SKOVSEN, BO MELANDER,
RASMUS NYHOLM J@RGENSEN




COMPUTER VISION TERMINOLOGY

/ 5TH NJF AGROMEK MICHAEL SONDERG AARD N@RBO MADSEN*, SGREN KELSTRUP SKOVSEN, BO MELANDER,
v - EURAGENG JOINT SEMINAR 2024 RASMUS NYHOLM J@RGENSEN
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CHALLENGING THE DETECTION MODEL

sessment Candidates in the field body.

Main Treatments & Selected Model As

CamShift — CamShinL Camghin R Fnlid By Usalr o Traiming FALSE

Treatments &
Selecled Assessmant Images
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CHALLENGING THE DETECTION MODEL

5TH NJF AGROMEK MICHAEL SONDERGAARD NZRBO MADSEN* SOREN KELSTRUP SKOVSEN, BO MELANDER,
- EURAGENG JOINT SEMINAR 2024 RASMUS NYHO LM JZRGENSEN
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