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1. Background

The aim of this EIP project isuee 'Internet of Things' (I0T) technology to improve slurry management
on farms Three dairy farms with LoRaWAN gatewhggeleasal and instaked a range of compatible
field based IoT sensors that record and monitor soil\aedtherrelated conditions The eaHime
information gathered by the sensors could help farmers make better decisions on when whand

not to apply slurry on their fields to minimise the risk of toffi lossesand make the best use of a
nutrient rich resource on their farms.

The project isa stepby-step process dfriallingthe tecmology, developing the applicatiomnd
monitoring the attitude of the usert create learning outcon® If successful, this process could then
be used as a template faralling other forms of technologwithin the farming industry

The Smart Slurry EHas beerrun on three farms in North Wales with the aimasfsessinghe
capabilities of a range of LORaWAN sensbine sensorsvere placed in marked fields and in the slurry
tanks on each farm. The datacorded by the sensorsasfed into a data visualisation tool which
advisesthe farmer whether field conditions are suitable for applying slurry.

Each farm has had a LoRaWAN gateway installed on them, which made this project possiieon
each farmand their location can be found below. This information has been gathered from the Farming
Connect website which details activity on Demonstration Fgfasming Connect, 2023)

Glynlifon Farm

Glynllifonagricultural collegeincluding the woodland, extends to 300 hectariéss the
first Digital Playground in North Wales, which offers opportunities to experiment with
the loTin a rural setting

Erw Fawr Farm

Erw Fawis a FarmingConnectDemonstrationFarm. It is d92-hectareholding farmed

68 /SNBRAI YR {FIN}¥ 90Fya Ay LI NITWeSNEKALI & A
family produces milk from a high yielding pedigree Holstein herd, run on-geall

round calving systenT he Branwa herd was established in 1980 when the farm

converted from beef and sheep to dairy.

HenDI Farm

Hen5 Inear Caernarfotis farmed byAled,an eighth-generationdairy farmer,and his

son OsianThey run a herd @40Holstein cows and selltieY A £ { (2 ¢2Yf Ayazy!
Dairies in WrexhamAled isalways striving to improve standards for farm management

whilst taking care of the environment
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Map showing farm locations. Farms are numbered almvihe map.

The projectisthe first example of a mul$ensor loT system used by farmers in Walé® projecthas
broughttogether farmers, regulatory authorities, digital software engineers and soil scientists to

establish, trial and refine the system ove2-gearperiod. Theyhave also been involvedinK S LIN2 2S O Q
focus group that assess progrdesar times during the work to provide a feedback loop to ensure the

technology isusedtis6 Sad OF LI OAGeé yR NBFAYSR (2 YSSi GKS ¥

The following five different sens types were installed on each of the three farms:
- Soil Moisture sensor
- Soil Temperature sensor

- Air Temperature sensor
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- Rain gauge sensor
- Tank Depth Sensor

IoT technology can provide farmers with logged evidence to showdkethat were used wWen making
slurry application decisions on farm, as part of a-aalliting system.

This information could prove to be particularly usefahsideringhe new regulatory measures to
protect water quality from agricultural pollutioourrently being implemeted from 2021 to 2024.

The project desigmwassplit into four separate phases over two yeafbe phases are as follow:
PHASE & Farm assessment, Soil Survey and Planning Sensor Positioning

- Each farmwassurveyed to identify the best positions to deploy@RaWAN gateway.

- Desktop assessmenmtasconductedas accurately as possilieidentify site specific challenges
and minimise time delays during installation.

- laAiy3a YeyaCoRaWANdZRMing tool softwaréhe projectcommissionedh software
engireer to generate an individual topographical plan of the signal coverage for each farm and
the surrounding area.

- Develop a detailed understanding of the soil characteristics of thesftalt were usedor the
project.

- Each farnto offertwo or three fieldsas possibilities

- Commission a soil survey on fields from all three participant farms ubmtatest soil scanning
technology

- Demonstrate soil scanning technology useudi consideredn September 2019 at Henfaes
Research Centre that is paf Bangor Universityith this data, a soil scientist, such as
Professor Daay Jones of Bangor Universiggvisedthe OG on where the best areage for
locatingthe sensors in each field

- OG toorgani® the lease of the LoORaWAN gateway aimel sensas needed for the work.
Installedproject specific gateway (i | Sy 5 kexidting ate@&ySr@naintenance and
compatibility.

- Open call for interested individuals and organisations to sit on the focus groupvisised
throughout the project.

PHASE 2; Hardware integration and configuration

- Integrated, configured, and deco@d the sensors to the gateways.
- The OGurchased andssessedaried brandénodels of each type of sensat Glynllifon with
the support of specialists, tde-risk theproject.

PHASE @Midway Analysis & Review
- Reviewedlearning points from the first two phases and adeghthe plan,before deploying

sensors on the other two project farms.
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- The focus group to review the gject so far.

- Analysis 6the OG and focus group attitude to the technology.

- SyazNaA fSIaSR FyR RSLX 2SR |4 1Sy 51 YR 9NB
PHASE 4 Project rollout and trial

- Autumn 2020 sensoRSLX 28 SR | yR NBIFIReée +Fd 1Sy 51 |yR 9Nb

- Datacollectionduring the winter months when slurry storage pressures are at their highest. The
sensorsvere monitored for a full 12 months

- The farmergook readings from the sensors intmnsideration andept a weekly log of whether
they agree ornotwithi KS A28 a0dSYQa 2dzilLdzi 2y f LThéynaiedzA G 0 A £ A
down the reason if they did not agree.

- TheOGcollaboratedwith specialists to integrate a predictive element to the management
model by tracking 48 hours weather forecasts

- Fourandeightmonths into phase 4 the focus groypovidedFf SSRo I O1 2y GKS Wt Sk
visualisation tool and the project in generAlfinal focus group meetingccurredat the end of
this phase.

- Feedback from farmers and college students involved in thevidausedto make
improvements to the configuration and decoding. Once the feedbadibkan collated a
solutionwascreated andapplied to allow the OG to view the changes over the visualisation
interface. The project continukto be operational,and the OGassessedthow effective the new
improvementswere.

- 3 monthswasallocated at end of project to provide contingency and timewaluate and
prepare final report.

The challenge is to use sensors to improve slurry management. Rather than just switching on the
sensors and seeing if they work, there is a diggstep process of taling the tecimology, developing

the applicationand monitoring the attitude of the users. The project has reviewed the sensors to see
which is best, but simplaking a soil moisture reading, for example, would not provide a solution to the
challengeTherefore, he purpose of the project is to developéapplication to improve slurry
management and create learning outcomes from the approach used.

Thissecondyearreport has been commissioned by tbperational groupOG anchad consideed
whether the project is keeping to the plan, is on track amake observations and recommendations
based on thisGeraint Hughes, the appointed EIP broker, worked with the OG to submit an EIP
application for financial support and additional specialist knowledge for this prajgctatesand
relevant outputs about tb workwere providedby Geraint Hughesor this report.

2. The research of the project

The sensors were first deployed in April & May 2021 and in giosimstances arstill producing data.
Neverthelessfor this study we look at the émonth period from 1st October 2021 through to 30th June
2022. In some items @halysiswhere winter is in focusve look at a slightly shorter period running to
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the end of April. The initial brief is to expose some of the environmehi@lacteristics that dictate (or
at least guide) the application of slurry, or other fertilisers, with the aim of minimising water course
pollution from surface ruroff. These characteristics are as follows:

wTemperature

w {2Af az2AalddnNBo

w wlkAYFEEt @

wT-Sum 200. Seasonal temperature analysis.

We take these characteristics into consideration in the subsequent sections iasestigateeach
metric recorded in detail.

Temperature
- Typicallythe changes in the soil temperatures (observed at 50mm undessthface) closely
follow the air temperature. Things appear to change around the start of April where grass
growth has an effect itockingin warmth.

Farm Field Lowest Soil Temp (°C)
Erw Fawr Field 1 347
Erw Fawr Field 2 (North) 2.7
Erw Fawr Field 2 (South) 2.7
Glynllfon Mount Pleasant 31
Glynllfon Tyn Rhos Bach 2.9
Glynllfon Tyn Rhos Mawr 2.4
Hendy Field 1 2.4
Hendy Field 2 (Bottom) 2.7
Hendy Field 2 (Center) 3.4

Figurel: Lowest Soil TemperatureSource RobShepherdReport Study of data gathered from LoRaWAN Instrumentthoee
farms across North Wales

- Itis also evident that th8¢10-degreethreshold is not crossed until midarch. (Apart from an
unseasonably warm spell as the year changed).

- ltis apparent that the thresites havea remarkably similasoil temperature seasonal profile.
They are all however situated in quite similar settings: coastal, low altitude.

- No sensor in ANY field recorded freezing soil temperatures over the study p&iegerd,
2022)
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Farm Lowest Air Temp (°C)

Erw Fawr -1.61
Glynllfon -1.72
Hendy -2

Figure2: Lowest Air TemperatureSource Rob Shepherd, Repo&tudy of data gathered from LoRaWAN Instrumentthose

farms across North Wales

Whilst the air temperature did drop below zero (as showFRigure2) these were not sustained
periodsnor cold enoughio permeate the sdi(as demonstrated above in Figure 1)

The three farms showimilartemperature patterns, and it is noted they are etlastal sites
(Sheperd, 2022)

Soil Moisture

Erw Fawr 2, North and Soutlbespite being the same fiel@850mapart, have different soil
moisture properties. This was evident during sensor placement: South being very wetovith
claylike consistency and North being very sandy.

In general terms, the soil moisture has less variability and remains consistently higher over the
winter period in contrast to late autumn and spring where there is much more variability in soil
moisture with a trending decline in moisture throughout springtime.

By inspection of theharts,we can see that there are no periods of low soil moisture (<30%)

It is rare to find a 4&our period where soil moisture is less thau.,34%(Sheperd, 2022)

Soil Moisture
Farm Field Min% Max%
Erw Fawr Field 1 129 42.2
Erw Fawr Field 2 (North) 12.5 43.2
Erw Fawr Field 2 (South) 11.8 42.5
Glynllfon  Mount Pleasant  13.5 48
Glynllfon  Tyn Rhos Bach 16.6 45
Glynllfon  Tyn Rhos Mawr 133 46.9
Hendy Field 2 (Bottom) 12.9 45.8
Hendy Field 2 (Center) 13.3 43.2

Figure3: Soil Moisture RangeSource Rob Shepherd, Repo8tudy of data gathered from LoRaWAN Instrumentthoee

farms across North Wales
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Rainfall.

- The rain gauges at site provideemsonably accurate observation of the quantity of moisture
introduced to the soil.

- Glynllifon hal the highest maximum daily/weekly & monthly amount of rainfall, but the lowest
rainfall in totalover the period

- Lack of rain is an equally important chaexistic Table 5 shows the number of dapsthe 6-
month (OctApr) study period (a total of 212 daysyhere no rain fell, on eactarm.
Interestinglyfor Glynllifon this is almost 50% (1 inh EarmDayswith no rain (Erw Faw©5,
Glynllifon99,1 Sy 8%.1

- Asingle rain free day.e.,in betweendays with rain) is the most common, but periods of at
least3 days with no rain areommon(Sheperd, 2022)

Maximum Rainfall Volume (mm)
Farm Daily Weekly Monthly Total
Erw Fawr 30.6 64.6 164.6 494.6
Glynllifon 46.2 90.8 222.6 341.2
Hendy 35 50 144.4 425.4

Figure4: Maximum Rainfall Recorde8ource Rob Shepherd, Repo8tudy of data gathered from LoRaWAN Instruments on
three farms across North Wales

T-Sum 200
The TSUM 20ds a method to determine when to make the first application of nitrogen fertilimer
spring Thisis done byadding upthe average daily air temperatures (discoungf values below zero)

since 1st Jan and waiting for the date at which this sum reachesleof 2009  OK 2 F G KS FI NX Q.
progressions towards the accumulation of 200 is shown in figure
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Figureb: T-Sum 200 for 2022Source Rob Shepherd, Repo8tudy of data gathered from LoRaWAN Instrumentthoee
farms across North Wales

3. Sensor Specific Information

Therewere three brands of gateways thatere considered for usenithis project- MultiTech RAK
Wireless and Lorix One.

MultiTechis the most widely trusted amongst industry consultants and experts due to its durability and
reliability. Itisa carrier industry grade product and was chosen by Microsoft as the gatewmsy t
installed at MSparc Science Park in Gaerwen earlier in 2019

10
EIPWalesc IOT Slurry Management



Figure6:! Wadzft 6 A¢SOKQ 3l (iSgI & -SPafaStientetP&riRned GaenvéhHn Wis Mdn. =
Each othe three farms deployedhe following sensors:

1 1x Rain Gauge

1 1x Air Temperature & Humidity Gauge
1 3x Soil Temperature & Moisture Probes
9 1x Ultrasonic Distance Sensor

All the sensors transmit via LoORaWAN wireless messaging;@olsar longrange wirelessetwork
technology suitable for remote monitoring with high battery endurance. The farms were equipped with
a webbased data dashboard to review reahe data as it was relayed from ttste andcaninspect the
historical data thais permanently stored.

A wide range of sensors were evaluated for this projébtsevaluation includedhe following criteria

1 Produd Availability

1 Buildquality.

1 Suitability for deployment in aragriculturalsetting
1 Product cost

11
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1 Value for money
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51 G / &iviNdiasi the sensoranalysis are found in the table below,

Image Type Comments
and Cost
{ 2Af
{Syaz¢it NPayY
mFae (2 aSiddl sAGK
M SFHtSR YR RdzN}o6f S
MHHA /2y ay
nCAEﬁ@l-dNJf)\?Sét;ywzy
NBLX FOSFo6tS ofF G§GSNEC(
Th 2 ijéYLJéNJ-ddzNJs ééya
S 02dA R y2i 02y O0f d:
YSIFadz2NBYSyiGa |a NBLJ:
{ SYERNI Qa4 Rl aKo2l NRd
aSUiSNI |t NRAY
m NERBYPRWRa2AE Y2A4ail
Coupled myRddzZGNE adl yRINR
with Elsys | &= S KRATH Kzl 2 #z(i BJdzi @ a2 A &
ELT g SNBE | OONBIISIIS( I+ o/tRS ®
MMpna bl/ 2yay
mSSRa GNIXyavYAGGESN
m2 G§SYLISNY Gdz2NB &Sy a
CAYy20A[t NPAY
PM105SM [T SNE O2aid STFSOGABS
W 2Y0AYSR Y2A&0da2NB |
™S OKF NBSIFo6fS ol GiGSN

13

EIPWalesc IOT Slurry Management



MT H /2y ay
m 22N ljdzr t Ade az2ift v
oFGadSNy2G NBLSFIlIofSo
masSa | @SNE aLISOATA
a2dz2NOS aSLI NXGSteo
™S LJ2 AF aLINESO S A PTENN® Rf
¢S10St|t NRBAY
Clover w2ald STFSOGAGBS
W 2Y0AYSR &2Af Y2Aaal
MMH N I 2yay
Mm2 RSOSyid AyF2NXNIGA
GKS St SOGNROFE NBI RJ
YIydzFlI OGdzZNBNJ g1 a y2i
adza3Said SR T @ ISINSBE Nil- S
0 I NNIFSINDdAINBNIRS LI 28 YS
5S0Syid|t NRAY
DLTRS11 | SKRBRMHEZ LINRSS | yR @GN
W 2Y0AYSR &2Af Y2Aal
M StEF OFLEtAONIGAYy3IOD
mMcnpon|/ 2yay
MELISYyaArds
WAFFAOdA G G2 a2dz2NDS
[ A0St At NRAY
Smart W 2Y0AYSR &a2Af | yR &
Agriculture |1 2 € | NJ LI y St 2 §F R &NB R
Pro
14

EIPWalesc IOT Slurry Management



MG odmH P

| 2yay

m 22N ljdz- f Adé SAYR 3
flradg tz2y3o

™mSSRSR +y SEGNY mMup
LIN2INJ YYAYy3 fA0Syas
2 NRA ALt G2 &aSidzd

LINE INJ YYA Y3
MELSYyards

aSiSNI|t Nray
M M  SKRATHKZ A §aadNHzySya
O2dzLJ S|ySSR OFf A0NYGAyYy3
9faea |wW2Y0AYSR GSYLISNI G dzN
and
integration
components.
MMybmmn|/ 2y ayY
bMMp Mt#a@ AyiSaANIGS GKS
wl Ay

t NRBY Ll Yt NeaY
t NPFSalmw 2YSa z)\uKofAENH“??éHLMJQ

LINE@Sy (i RSONAR& 3l (K
WithElsys |mD2 2R Y2dzyGAy 3 2 LA 2
ELT M OOdzNJ G S
transmitter |9 AAf & RSLJ 2&SR
MMP N [ 2yay
b ™2SANFRENR ay26kKI A
MMAN YSOKIFyAayY OlFy FNBST S
t N2Y Il Y|t NRAY
¢26SNI|f 26 [ 2ali

15

EIPWalesc IOT Slurry Management



With Netvox
R718

My P
b

Mpn

| 2yay
22N Y2dzy G DF LR NB R 2 §
t NPEYFYAO tNRFSaaArAzyl
T dza OShH A ¢ 6 BB SHFSHSIOKGS

.‘ WT My RAGHFVOME HiRAy2
— R dzNJPo t S
' ANJ ¢ SYLISNI G dzNB
Ursalink t NREAY
. UC11T1 ™ dzN} 6 f S
FT == %, v = z v A
= e = nslkaée uz2 02y TAIdzNB
" = N £100 | 2yaYyY
W AR y26G tFrabd mn Y2y
‘ FNRAG FyRk2NI !+ REYI
m2 f2y3ISNI 2y (GKS Yl
Synetica t NRAY
Senstick& |1 26 (/ 2 &
Screen m22R AO0ONBSY
£120 | 2y &Y
m 22N 0dzAf R ljdzl £t A&
Milesight t NRPAY
S, EM300TH |mD22R o6dzZAf R ljdzt £ Adié
s, mM202al
(This unit replaced the Ursalink UCT1
< above when it failed)
/(' £70 /I 2ya
& ™2y S
NetvoxR712|t NR a Y

mMEOStt Syi aONBSy
T™BdzNJ 6t S Y2dzy i @

16

EIPWalesc IOT Slurry Management



— £90 | 2y &y
— m2G |y 2dziR22NJ INI R

GAUKAY ®
~ mytA{Ste G2 2LISNIGS
O2yRAGAZY A
N A

{ £ dzNNE {G2NJ 3S

ElsysELT |t N2 a

ultrasonic |22 R o6dzAf R ljdzr f A G @
Ml ae (2 02y FTAIdzNB
wSkazylote | OOdzNI GS

£250 | 2y a
MmSSRE NB3Idz I NI YI Ay
aSyaz2NJ) | LISNI dzZNB A a  (
wlky FlLAE G2 62N)] 2y

[ aYoyHIt NBaAY

FNRY .| doYSNERAOGES YR @SN

{Syaz2zNm™SairaRSRIERENISY I AY

2 AGK wFEAONIGSR F2NJ aft dzN
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transmitter
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- Needs extensive mountirgpparatus

Soil Senser

The quality of the soihoisturereadingss a high priority for criteria selectioAllthe products that

were testedfor durability and battery life were found to be suitable for an agricultural setfingm the
analysisthe Metre Terror 11 probecoupledwith the Elsys ELfFansmitter were séected for the project
due to having the highest accuracy on the tests and the probe also claims not to require calibration
between differentsoiltypes This would be a good benefit to the project as it would be a task that the
farmers would not have tondertake.This unitand the batteryproveda viable choicéecause it's
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widely availableand italsohas anexternal antennavhich can help wireless communicationl@gcation
with poor signa coverage.

antenna

backfilled square hole:
6" x 8" x 10" deep

Transmitter. buried,
or fixed up the post

backfilled cable slot
2-30 meters long
10" deep \

‘ \

Figure7: Diagram to sbw Soil Temperature & Moisture Probsstup.
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Figure8: Image of the soil sensor (left) and air and rainfall sensors (right)

Figure 8 shows theprobe insitu about to be pushed intsidewallof pit and the transmitter in an
elevaed position with protective pipe leading to pitH) meters away.

RainGauges

Data@mruhad previously worked with thBronamic range of rain gauges and found tRefessional
modelto be good quality and worked well with transmitters such asElgsELT. Therefore, this set up
was chosen for the projecThePronamic Tower modulewas tested with dow-costtransmitter but
these were lacking in quality and durability with limited mméing options whichdd them is being ruled
out for this project.The rain gaugeas part of theSmart AgriculturalPro unit fromLibeliumwas also
consideredbut the quality of the parts werpoor which did not provide a cost effective option githe
high cost of thdibelium SAPset up.

The main issue witmost ofthe rain gauge sesorsis that they aresusceptibleto cold weather For
example, the tipping bucket can become frozen, or accumulates with shioeve are more expensive
heated vessels availabler use with high grade meteorological sites but the cost of these are well
above justifying it in an agricultural setting.

Air Sensors
TheUrsalink UC1-T1 and thesenstick from $neticawere chosen as th best option for this project,
partially due to the limited availability @ither outdoor grade temperature sensordnfortunately,this
model failed over winter at Sy du to frost damage aridr UV degradationThis unit was then
replaced with an M30O'H fromMilesite. TheSenstick survivedamo winters atGlynllifonworking well
for the duration.
19
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Slurry Storag&ensors

The LMK382nd the ultrasonic unit from Elsygere tested at GlynllifonTheLM382 was accuratbut
difficult to mount. TheEkysunit worked well once mounted on a wooden brack@tie to mounting
challengesthe slurry storage sensors veenot mounted atthe other farms.

voronArm

|

Slurry store

Figure9: Ultrasonic Distance Sensor sinrry storediagram

4. Strategic relevance

The project aims to further build on the cooperation between the farming community and technology
experts to solve common problems and bring about a smarter way of working.

This trial is already helping the faimy community learn more about the capabilities of LoRaWAN
technology, and if it is successful as a slurry management tool, it will help with decision making to
reduce the risk of water pollutiamAdditionally, linking this technology with agriculture dadislation
enforcement has the potential to help both stakeholders successfully work together for the benefit of
their local communitieswith the current legislation on nutriemhanagement and further legislation

due to come in, this worls truly relevant,and this tech could play a significant rolew and i the

future.

20
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Thedoor has been opened for other farmers and family members to diversify by incorporating more
technology o farms. The knowledge that is gathered from this projeiitbe shared with the farming
community in Wales and will develop a skills base in agriculture that is fit for purpose for the future
world. This could increase the number of jobs available wilgiicultural technology sectors
encouraging those with an entrepreneurial flair to venture into this market to create further solutions
for current agricultural challenges.

5. Collaborations

This trial is bringing people from a variety of backgroundtlaloratively trial a solution which could
help shape the waglurry and other farm processes are managed in the futlireese stakeholders have
been collaborating with each other duritige project forging lasting relationships between agriculture,
technology, and governance to solve common agricultural challenges besforgl managementThis
collaboration of knowledge and combined skills of the Operational Group betieiproject.

6. Attitude Analysis

The methodology for the attitudinal study comges a longitudinal mixed methods approach. Data was
collected through two primary sources namédyr focus groupsanda standardised questionnaire
completed severaimesacross the life of the project by the three farm managers.

Figurel0: Graph plotting the four focus group transcripts combined and individually against sentiment/ attitude of the sentence
content.SourceWynOwen Report Using 10T technology to improve slurry management on forstoring Attitude
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