
Thank you for listening

Ingunn. burud@ nmbu. no
Siv . remberg@ nmbu. no



AGRISUN – COOPEERATION BETWEEN SOLAR 
POWER AAND GRAIN PRODUCTION

Ingunn Burud1 , Sahameh Shafiee2 , Espen Olsen1

N orwegian U niversity of L ife Sciences ( N MBU )
1 Faculty of Science and Technology
2 Faculty of Biosciences

A dvances and Innovations in A gricultural EngineeringThe 5 th N J F – EurA gEng –
A gromek J oint Seminar, Herning, Denmark, 2 6 . -2 7 .  N ovember 2 0 2 4





fox 1 1 online. com



Px here. com



fox 1 1 online. com



freeimages. com



nex t2 sun



Modernebolig. n
o



AgriPV   -  AgriSun - Sun farming AgriPV   -  AgriSun - Sun farming 



Different ways of combining agricultur and 
solar energy around the world

Fraunhofer, Germany

L anai, Hawai

Engie, France





V ertical bifacial PV -modules

J ustwe. com

nex t2 sun



• Special challenges related frost and snow

• The solar position in the sky

• Solar radiation and plant growth

• Only 3 %   arable land

AgriSun in arctic areas



Solar cell research at NMBU/Realtek

N orges milj ø - og biovitenskapelige universitet 1 4
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Kjerringjordet Sun Farm



Simulation of energy production

• 3  rows with vertical bifacial-modules 
( Huasun Himalaya M6  Series 4 6 0  W, 1 4 4 -cell Bifacial HJ T Half C ell Solar Module)
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Simulation of  plant growth
• C anadian Timothy Model ( C A TIMO)  ( Helge Bonesmo og Gilles Bé langer)  





Conclusion from simulations
• Y early production from a 2 7 kWp plant mounted East-West 

will have yield of ca 1 0 0 0  kWh/ kWp ( similar to a 
conventional plant facing South

• Grass production ex pected to be 9 0 -9 7 %  ( 4 m – 2 0 m row 
distance)  compared to area without PV   ( 1 0 0 %  including 
uncertainties)
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Plans for 2025
• Planting grains between and around the solar park
• Monitoring plant growth with multispectral images and L iDA R
• Sensors for temperature and moisture
• Y ield measurements
• Snow depth 

Power production

• L ogging power production
• Monitor degradation of PV  panels



…  to be continued…

Thanks 



A n Innovate U K  funded collaborative feasibility 
study between:
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What is agriculture?   The few feeding the many What is agriculture?   The few feeding the many 

2 . 4 m

0 . 6 m



What are the challenges to come?
1 . To feed a growing global population 
2 . Whilst the climate changes
3 . L imiting use of resources – N et Z ero



How to meet the challenge?  – Precision Farming

• Improve sustainability:  
reduced waste &  
increase efficiency

• A dopt Precision 
Farming management 
methods:  4 x  Rights 



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
Compaction limiting yield cause large machines



Small robot paradigm - the future?
Increased resolution =  improved PF =  margin gain?
Reduced compaction (tackle cause) =  increase yield?
Robots operate in “swarms” =  same area covered
Swarm requires management =  job retained
Small vehicles are intrinsically safer

Future plant scale robotic 
management

4 0 hp scale farming
A  first step to field robotics

O ver a 1 5 0  times redu ction

E nergy implication? ? ?

1 8 7 5  tonne/ ha   to   1 1 . 2 7  tonne/ ha



Hands Free Hectare

Open 
Source

“ Automated  machines g row ing  the first arable crop 
remotely,  w ithout operators in the d riving  seats or 

ag ronomists on the g round ”

Proj ect obj ectiv e
1. W orld first automated field growing cycle: drilling, 

husbandry/agronomy and harvest
2. Challenge perception of automation capability and 

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! !



W H Y  did they back us:

1. Strong Collaboration

2. W orld First 

3. V alue - £ 200k

4. Clear plan 

Hands Free Hectare – getting funded



1. Integrated autonomous working – Skunkworks
2. W eekly progress and planning meeting
3. Time and reputation pressure

Hands Free Hectare – collaborate successfully



Outwood communication
• R egular press releases
• R egular multi planform social media updates
• Formal-ish press days with real work
• Mix ed media – wide audience
• Take over GOOGL E! !



Impact – “ good”  publicity“ good”  publicity
• T witter

3 ,9 4 4  Followers
• F acebook

1 ,6 5 4  Followers 
Posts reaching 4 0 ,0 0 0

• Y ou T u be
5 3 4  Subscribers
1 0 5 ,0 0 0  V iews

Publications across 8 5 +  C ou ntries



GPS

Hands Free Hectare – original system



Hands Free Hectare – Precision issues



HFH2 AHDB funding – Autonomy improvements

2 0 1 7 2 0 1 82 0 1 8Oct-Mar R ain 1 1 7 / 1 6 0  days
1 4 th of March





Hands Free Farm – Route planning  Route planning  



Hands Free Farm – winter crop establishment  



Hands Free Farm – follow me



Hands Free Farm – “ swarm”  establishment



Hands Free Farm – Wheat Harvest



Hands Free Farm – Yield Results 2022
Winter wheat:
Blue Pit 1 4 . 9 8 T/ 1 . 6 ha =  9 . 1 9 t/ ha
Top A dney 3 2 . 8 6 T/ 3 . 4 ha =  9 . 6 7 t/ ha

A  =  9 . 5 6 t/ ha

Spring barley:
Middle Moor 4 1 . 4 4 T/ 9 . 9 2 ha =  4 . 1 8 t/ ha
N ear Moor 4 9 . 3 6 T/ 1 2 . 6 1 ha =  3 . 9 1 t/ ha

A  =  4 . 0 3 t/ ha

Winter beans:
Poors L and 2 2 T/ 5 ha =  4 . 4 t/ ha

Harvesting 4 ha ( c1 0  acre)  per day at peak



Output – HFH Linear Programming Farm Model 

• H F H  au tonomou s eq u ipment ( 2 8 k W  tractor) ,  1 0 %  
su pervisor intervention 

• H F H  siz ed conventional eq u ipment ( 2 8 k W  tractor)  

• M ediu m conventional eq u ipment ( 1 1 2 k W  tractor)  

• L arge conventional eq u ipment ( 2 2 1 k W  tractor)  

Economics of autonomous 
eq uipment for arable farms

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



With crop robotics eq uipment investment 
could be reduced by greater than 5 0 %

• The HFH economic analysis was based on 
cost of retrofitting conventional small scale 
farm eq uipment

• In the HFH ex ample, eq uipment investment 
reduced because small eq uipment used 
more intensively

• With crop robotics, ex pansion occurs with 
multiple small units, instead of larger 
machines

Output – HFH Linear Programming Farm Model 



Output – HFH Linear Programming Farm Model 

A l-A min et al.  ( 2 0 2 1 ) .  
Economic Implications of Field Siz e for A utonomous C rop R obotics

Field Efficiency:  Subj ect to Field Siz es



Output – HFH Linear Programming Farm Model 
Economically optimal supervision of robots 

depends on human involvement needed
• Some countries req uire on-site human 

supervision of crop robots.
• If economics were allowed to determine 

robot supervision it would depend several 
factors, including:

• Freq uency of incidents req uiring human 
intervention.

• Human reaction time
• Travel time from the remote supervision site to the 

field.

• Preliminary estimates indicate that farmers 
would choose remote supervision if the robot 
is relatively trouble free and on-site 
supervision if intervention was req uired 
freq uently.  



Hands Free Farm – Time  

TL E 3 4 0 0 :  3 6 0 hr

TG4 0 5 :  8 5 1 hr

TG6 5 0 7 :  2 2 4 hr



Data analysis opportunities 



Output – Safe/ Certified operation collaborations

BS 8 6 4 6 :
U se of crop robots in agriculture and 
horticulture – C ode of practice

U K  Gov C ode of Practice:  
A utomated vehicle trialling



Hands Free Farm – Route planning/ accuracy  



Autonomous enabled agroecology

BarleyBeansWheatBarleyBeansWheatBarleyBeans BarleyBeansWheatBarleyBeansWheatBarleyBeans

S ou rce:  Ditz ler and Driessen,  2 0 2 2  – Wageningen workshop 2 0 1 9



Hands Free Strip Cropping



Hands Free Strip Cropping



Hands Free Regenerative paddock fencing “ RotoFence”



A vision of the Agricultural future:
Thank you

C onstable’ s “ W heat F ield”  reimagined for 2 0 5 0  

B rash A g podcast



5TH NJ F - AGROMEK
- EURAGENG JOINT SEMINAR 2024

MICHAEL SØNDERGAARD NØRBO MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 
RASMUS NYHOLM JØRGENSEN

ENHANCING PRECISION W EEDING W ITH Y OLOV 11 OBJ ECT TRACKING 
FOR ROBUST EARLY  CROP DETECTION AS A FOUNDATION 

FOR FUTURE ORGANIC PRECISION SPRAY ING TRIALS
Michael Sø ndergaard Nø rbo MADSEN*, Sø ren Kelstrup SKOV SEN, Bo MELANDER, Rasmus Nyholm J Ø RGENSEN
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PRECISION WEEDING ENHANCED WITH YOLOV11: 
A GAME-CHANGER FOR CONVENTIONAL & ORGANIC FARMING ?

Core Results:
¾ YOLOv11 tra cking improve d e a rly suga r 

be e t de te ctions in 8.75% of de te cte d  ca se s in 
cha lle nging conditions

¾ Tra cking re duce d we e d miscla ssifica tion ra te s 
a nd improve d te mpora l consiste ncy, critica l 
for e ffe ctive  we e ding.

Practical Impact:
¾ Ena ble s ta rge te d we e d ma na ge me nt, 

re ducing che mica l use  a nd promoting 
susta ina bility.

¾ La ys the  founda tion for orga nic pre cision 
spra ying tria ls in 2025.

Source : https:/ / fa rmdroid.com/ products/ mikrospra y-syste m
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COMPUTER VISION CONCEPTS
Object Detection
¾ Finding a nd cla ssifying pla nts in ima ge s
¾ Exa mple s: YOLOv5, YOLOv8, YOLOv11

Instance Segmentation
¾ Pre cise ly outlining e a ch individua l p la nt (ma sking)
¾ Exa mple s: YOLOv8-se g, YOLOv11-se g, Ma sk R-CNN

Object Tracking
¾ Following the  sa me  obje ct a cross multip le  ima ge s
¾ Exa mple s: Byte Tra ck, De e pSORT
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COMPUTER VISION TERMINOLOGY
Object Detection
¾ Just boxe s

Instance Segmentation
¾ Boxe s + ma sks

Object Tracking
¾ Boxe s + ma sks + ID numbe rs tha t pe rsist a cross fra me s
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CHALLENGING THE DETECTION MODEL
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CHALLENGING THE DETECTION MODEL

Source : Se mi-a utoma te d Crop & We e d Annota tion Support: https:/ / i-gis.dk/ robowe e dma ps/
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MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 

C

B

A



5TH NJ F - AGROMEK
- EURAGENG JOINT SEMINAR 2024

MICHAEL SØNDERGAARD NØRBO MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 
RASMUS NYHOLM JØRGENSEN

CHALLENGING THE DETECTION MODEL

MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 

C

B

A

6

5

4



5TH NJ F - AGROMEK
- EURAGENG JOINT SEMINAR 2024

MICHAEL SØNDERGAARD NØRBO MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 
RASMUS NYHOLM JØRGENSEN

CHALLENGING THE DETECTION MODEL



5TH NJ F - AGROMEK
- EURAGENG JOINT SEMINAR 2024

MICHAEL SØNDERGAARD NØRBO MADSEN*, SØREN KELSTRUP SKOVSEN, BO MELANDER, 
RASMUS NYHOLM JØRGENSEN

5TH NJ F -5TH NJ F -5TH NJ F AGROMEK
- EURAGENG JOINT SEMINAR 2024

DOES YOLO RAW DETECTION WORK FOR DICOT WEEDS?
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