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1. Introduction

Nettle (Urtica Dioica L) is a peraial low maintenance crop witll parts such as &ves, fibreroots
and seeds beingsable and have been used by households as well as in industrial scale thritngghout
historyin differentpurposes

Land use causes various environmental impécs which manyare caused by agricultural
production The wirrent focuson land useelated greenhouse gas emissjeugh as animal husbandry
in agricultural productions shifting towardscarbon cyclesand storages, soil quality and soil net
productivity. In production ofgoods relyingheavily on raw materialamajority of environmental
impactshave been found to origin from the cultivation phégattila et al, 2012) In 2016 otal

emissions within European Union were estimated to $23Mt COpeq. The ayricultural sector was

responsible foaround 12 percent of the total emission§, Mt COpeq. Agricultureuses nearly 179
million hectareof landand accountaround 41 percerdf the Ewopean territoryn 2015(Eurostat
Natural Resources Institute Finla2@17). The ecological impact of the productiand productsould
be partially reimbursedby re allocating and re assessing curfaringpractices.

This study uses nettle as a reference crodiféarent parts of the plant can be used fiifferent
purposes from the same harviesticating efficient land us& he lesearch interest from sustainability

and material perspegtie i s par ti al | yagranomadthaacteristidsudh peffitientyt | e 0 s
in photosynthesis and low maintenanpartially explained by high competitiveness, ability to grow

in marginal ad poor soils as well as fewer diseases and géstditomaki, Viinikainen & Rintalg

2008 Baltina et al.2012 . Nettl eds envir onmelowtinpt usbanthpos$ti t s
harvesting phase includimrocessingand disposalEnvironmental impct of the preconsumer and
postconsumer phaseespeciallyin the textiles industry is remarkable and currenthassessed
similarly to food industrygeeEllen McArthur foundation2017). Based on the life cycle assessment
carried out to nettle, majayi of the environmental impactsere found from nitrogen fertilization

application and C®emissions from fossil fuels amdghlight the significancef the cultivation phase

in environmental assessment (Di Virgilio et aD15).Ne t t | e 6 s aluliies &nd low irsput nsk
are here studied as additional revenue

Current economic conditions of conventional agricultural production seem unsustainable for farmers.
Therefore, possibleevenuealerived from the mvironmentaperspective rather than margeind prices

can beviewed as possible future souerevenueor as a way improving pfitability in a sustainable
manner(Waldén et a].2019)

The theoretical basis of the study is in agricultural production economics. As a supportive background
theorem is the concept of ecological efficiency, which combines economic performance and positive
ecological impactsmeasured by emission outflow from the production management and anneal CO
and NO sequestration into soideally, the biomass yield arke rate of input use can be expressed

in costs as wellsaby environmental profile of the outpuEcdogical efficiency has been promoted

for businesses and industrial companidswever the thoughts and applications are useful in this
study as rallocating resources in terms of environmental sustainability has found to increase
profitability and creating business value commercially.



1.1 The aim of this study

The aim of this study is to show the possible economic potential of cultivatitlg inconventional
farmingand whetherg pr oducti onds environment al benefi't

The production of nettle requires significantly less work and inputs during its productioyvdyicle
can last 510 years withousignificant decline in annual yieldslakkarainen2004) This leads to an
assumption that farming nettle could be environmentally and commercially beneficial option.

The study is formed from previous studies and production data, Finnish and intefreaobeed.

The datas assembled to hypothetical orderly calculations to find the breakeven points for profitable
producti on. Nettledbs positive envi remssioasnk a l [
capabilities and the input use which are usedriaterto create a balance sheet for the emissions
generated from the production. Simidanissionassessment is calculatedatmoilseed crop (rapeseed,
Brassica napus wheat Triticum) andgrass(Timothy grassPhleum pretengeas a comparative crop
rotation seto illustratethe average predictable emissmintsperfield task pehectare.

The aim of this study is to provide comparable and predictable results that ideallyhehmausal
connection within the frameworind that can be perhaps implemented to alternative eogs
settings

Considering the environmental impact of primary production of consumer prpthusts)formation

could be usefulin order to increasethe valuecreationon cultivation phaseand improve risk
managementithin the supply chainby valuatingthe productiorprocesses based on environmental
performanceThe type of data could help farmers to increase the value of production and participate
into carbormarkets similarly to other industries.

The study aims to answtrefollowing questionsThe main research question is:
What isprofitability of nettle production fronthef ar mer 6 s per specti ve
Followed by three additional questions:

Can positive environmental impacts likenission sequestratiabilities be converted
into economic and commercial value for the farmer?

Is it reasonable to assuntieat the method could be suitable to assess emission rates
derived from machinery u8e

How does this conversion affect profitabyliof the productiofd



1.2 Proceeding and structure of the study

This study starts reviewing older dfatureand combines vith more recent field trials and reports.

From the literature | have firsbllectedthenod f un d a me nt a lhgropanic managerhentn e t t
and characteristics includingeview on historical peceive and commercial prospectSimple
immediate variable costructure based atme productions illustrated to find breakevgointsand
profitability measure®f production This forms the principal for my study @tonomics of nettle
production In this study profitability of nettle isassessedn the cost basisf input costs and
hypothetical revenuedN e t t probtabitity relies onhypothetical end usef output which will be

briefly discussed amondjfferent pricing scenariogdeally, the whole plant is used in at least two (2)
purposesvithout excluding one another.

A

Environmental impactsare assessediy estimating emissions from machinery use ofet t | e 0 S
production based on a specific agronomic management progré&maiage(Tyotehoseurg2019.

The program determisesach field task by the use wfachinery giving task specific time estimates
andoverallrtesofu s e per cr op. sequBsedtidnlrate @s sisecktondtugysthie oanbon sink
balance of the production based on the immediatge€@@issions that are caused by tractor work on

field. Theemission outflow is calculated using T T 6 s r e f e aceordingetdaskispeaific faes
consumptiorestimategper hectare.

This measure illustratese t t | e p Credutflow and carb@ seqseation ratioper hectare

based on the immediate work requiragroduction Additionally, emission rates deértilizer inputs

are included tothe environmental assessment by thedirect and directCOze value using
manufacturerds references an. tdhe anmnbatance mxananed u mp t
via profitability perspectivdrom a hypothetical situation lvere carbon marketsover agrifood
systemswhich participaten the carbon trade, actingasa r b o n s i carkon sebuedtratibne 6 s
rate is treated as a separate income flow.

Ideally, in the futurecurrent primary ag-food systems are included¢arbon trade industry and the
potential of the odand carbon sequestration is commercialized. In additios would lead to
improvemens in the practices and resource use increasein farm profitability -and further
neutralization othe negéive environmental impacts groduction (Waldén et al2019)

Both carbon balance and the gross margin are assessed to find break even points and profitability
measures for the production.



2. Production and commercial useof nettle

Nettle is a nitrophilous perennial crop that thrives well in northern climate. Interest towards nettle has
been consisterduring the past decaddsu e i t 6 s ¢ o mrileweweilaek of farmmersduet i a |
currenthigh costs ofpostharvest processing and lack of technical efficiency in the retting wide
commercial use has remained unachieffedom & Harwood,2012; Suomela2015 Hakkarainen

2004. This section reviews nettieagronomic management, production characteristicsliffiedent
intended purposes for the output.

2.1 Production and characteristics of nettle

Majority of literature recommend direct planting of nettle as separate seeBlireyg owing of seeds
is possibleand recommended to lone in the fall tofor required frost treatment for following
sprouting.Direct sowinghas proven to create inconsistent growittthe first yeas whenoptimal
harvests are rehed in tte third year (Vogl & Hartl2003;Seuri & Vaisanen1995; Heegerl956). A
hectare plot requires arounad 000 50 000seedlingdo ensure homogenogsowthfrom the first year
(Galambosi & Hakkarainen, 2002)he above ground biomass productivity was highest veéhtmg
density 60x60 cnfJankauskiene et aR015).

In severalfield studies planting nettle in rows and ridgés declared ashe most efficient wayof
managing the production in both conventional and organic faridiedgeshave given positive results
in replacing the use of pesticides when mechanical cultivaonbe done hieeen the plantations
(Seuri &Vaisanen1995; Galambosil994).Nitrogen supportsten® growth and boosts nettles weed
suppressing abilities reducingaturally the need for weed managemésde Aopendix table 1)
Phosphorusitrogenkalium ambination of inputs or solelysed nitrogen isrecommendedn
conventional and organic line of productifireghneet al, 202; Lehtomak et al, 2008; Galambosi
et al, 2002;Vogl et al, 2003 alsoAppendix table 1

Literature on organic production oéttle recommends fast growing legume species such as crimson
clover (Trifolium incarnatun for nitrogen fiation (Vogl et al. 2003 & Lehne et al 2002). Also
composted household biwa st e and manur e had dymaterfibre goeenti mp a
(Lehne et al.2002) In bothabove mentionefield trialsthenettle was planted in rows atit fertilizer

was placedn between

Nettle has no known nor commercialized pesticides for its main pest small tortoiségjiais (
urticae), which must be evicted manually as eastyapggea s possi bl e. Nettl eds
Puccinia cariciscan infect the entire area and can be determined by yelwed plants from an

early summer forward. The disease can be controlled by cutting théeohfglants and preventing
sowing near wetlands where the disease usually contaminates (Seyfi%9%5l11).



Harvesting and postharvesting methods

The postharvest processing of nettle has been the major obstacle in commercializing nettle fibre use.
High water content of the biomass sets requirements for drying which is often highly energy
consuming and therefore expensideditionally, lower fibrecontent in relation to stem biomass in
comparison to other fibre plantslates tacosteffectiveness of the pekiarvest procedur@odros &

Baley, 2008; Suorela 2015; Harwood & Edon2012).

An interesting insight for economicptocessing of stem fiby@ants was done moving the harvest to
early spring instead of more common August. The dry line mdilgdehsila(2004) shows northern
climates optimal relative humidity between March and May reducing the need for drying of stems
prior processing P a studywdhéhemp and flax resulted in 10% moisture content when harvested
in the spring in compé&on to autumn harvest and 386 %in flax stems and 500%in hemp (Pasila

2004, 114) . Nettl eds fibres are att achastfibressuctas he o
linseed flax Linum usitatissimuinand hemp@annabis sativa(Suomela2015, 26; Saastamoinen et

al., 2011, 89). Similarly to hemp and flax the impact of winter frost would detach long fibres from the
stem facilitating further extraction of the fibmeakingretting more economically viable. The process
will however most likely damage the long fibres majine processnore suitable fothe production

of comosites rather than textiles (Pasp@rsonal communication, Jun& 016; Suomelgersonal
communication, February"62019).

Many informal sources, such as online recipes and blogs suggestingliesitle in early spring when
intended in human consumption. When investiga
found to increase significantly towards the end of production pstpgortingthat the first harvest

should be used for huan consumption purposes and second harvest could be dedicated for solely fibre
purposes. Additiona,net t | eds mi crobe density is | ower in
of the stem has higher fibre percentage than lower pddsganen 2006;Bacci et al. 2013). Higher

fibre percentage in upper parts in respect to lower woody stem part supports the suggestion to use the
first harvest for human consumption.

Nettle hasnaturally high microbe content which tends tor@ase towards the endsafmmer. Tming
the harvest and collectinanly upper parts can reduce microbes but still exceed permissible levels.
Steam sterilization equipment used for spices was found unsuitable due exceeding heat and

inconsistent resudt Positive results were fouradsembling larger steam engine to simplmﬁ(batch

dryer, combining microbe reduction process to biomass drying. The steam was directed to biomass
and brief (20 seand) treatment with 70 degreed|Cius) steam continued withi 23 minute 568 degree
steamreduced the microbe content t®027 0,02%, well belowpermissibldevels. Thestudy was
conducted with intemdn to find processing solution on site to reduce the need and costs regarding pre
consumer processing and logistics (Moilar006).
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Leaf biomass & combined production

When assessing production of nettlésireasonabléo measure the leaf biomass separately as it is
commonly usedo foods and supplementEhe leaf harvest can be predicted calculating general leaf
area index which can hesed for production planning. Leaf area index measures the leave area of

vegetationrelativetotheland%mz) . Based on the I|iterature the
dry weight can be reliably estimated with a linear regression model. Tésgésrcan be used in
estimating the leaf yield of the production as well as land use efficiency based on the leaf area (Sabouri
& Hassanpouyr2015).Unfortunately the differences in leaf area indices between wild nettle and fibre
nettle clones haveot been studied (Rolf2018).

In Finland commercial nettle production utilizes the leaf biomass and the stems are not used for fibre
purposes (Veijolapersonal communication, November®2016). In Germany contracted farmers
utilize the stem for fibre an@xtiles but the leaves are left unused (Beckhaarsonal communication,
January 1%, 2019). Despite the lack of practice the leaves can be harvested separately from stems
beforeor after drying the complete bioma&asila personal communication, Jei8", 2016; Veijola,

personal communication, Novembef®2016).

Yields

The production of nettlen agri-food settinghas beerstudied in Austria (Vogl et gl2003),Finland
(Galambosi et al2002; Seuri & Vaisaneri995), Germany (Nebel et 22002 Lehne et aJ.2002),
Lithuania (Jankauskiene et ,a2016)and Italy (Bacci et al.2009 di Virgilio, 2013). Yields vary
between 615tons per hectare depending on fertilization and agronomic practices, stlleadidnes

of nettle Nettle produces high biomass annually #meistem length correlates positively with fibre
content. Different nettle clones have different fibre content and the percentage can vary from the wild
n e t t3il5% fibee contentp to 171 20% in cloned fibrenettle.

The yields in Finnish field trials amounted 13 tons of stem biomass per hectare, after drying totaled
3.4 tons of dry mattefDM) (Galambosi et al2002). In earlier Finnish studies the harvests averaged

at 58 tons per hectana the first harvet and in the second at&tonsof fresh biomasger hectare

(Seuri & Vaisdanen1995; Galambosil994). It is reasonable to presume that the harvested total
biomass consists of both stems and leaMegority of the literature suggest homogenous and high
yields during the first four to even ten years wittwithout adecreasing trend (Butkute et,&015;

Vogl et al, 2003; Harwood & Edon2012; Galambosket al, 2002 Hakkarainen2004).
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2.2 Commercial and circular uses for nettle

Historical use of nettle can be traced back hundreds of years throughout Europe, Asia and East Asia.

Industrialuse in the United Kingdonvassolelyin textiles asn Germany during the’and 29 world

War. In Germanythe use consisteaf leaves for food until the fibre was replaced by lower cost cotton.
Most known uses of nettle have been in the textiles and fibre use, herbal medicine and household food
consumption (Suomel2015; Harwood & Edon2012; Edom2005 Galambosj2017, 113. Various
commercial prospects of nettle illustratine multipurpose potential as well as colkeclifferent

studies to serve wider audientdeally, the complete plant is utilized for different purposes increasing
land use efficiency aneducing unitosts. Various end uses can create higher incomesdoderisk.

In this chapter teviewn et t | eds commer ci al pgsyseme ct s and us

Fibre and properties for textiles industry

Due nettle fibreds similarity to ot ltermnebaadst f
investigagteSuomi nends research (2015) on identifica
nettle fibre show that nettle has been used in fine garments in Finland more widely than expected.
Similarly she points outhatin Denmark and Norway archeological findings on textiles show that
garments assumed be cotton and linen havefactbeennettle textiles. Etymological use of the word

nettle describing different cloths in Germanic languages suggests wider use of the fibre than expected.
Nettle fibre is fine and has been found fréewish garments that were intended feeddings and
funerals(Suomela personal communication, Decembef"12017). A wide use of bast fibres and
especially different nettle varieties has been traced in Japan whieHdrashistorywith and many
varietiesof plant fibres. In Japamettle was used mostly by rural, poor population since wild nettles
were accessible for everyone and cloth made from its fibre was strong and durable2@Bm

Fibre content varies between (European) nettle clones from 5% fibre content in wildipedtlg7i
20% in cloned fibre nettle varieties (Bacci et a013,Beckhauspersonal communication, January
22" 2019). Fibre yields vary dependion agronomic characteristicseH trials in Austria found the
fibre yields range from 336411 kg ha in first year to 743 to 1016 kg Hasecond year (Bacci et
al., 2013), 30045kg of pure fibre per hectare in Germany (Lehne eR@D2) or 9% of the 3.24.4

t hal DMY in Finnish field trials (Galambos2002).
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Fibre qualities and characteristics

A

Nettleds fibre is characterized close to fl ax
when finished (Harwood & Edon2012). Tensile properties and mechanical performance of nettle
fibre iscomparable to flax and higher theamie (Asian nettleBoehmeria niveawhich is similar bast

fibre plant used in textiles and belongs to the gasiiiea. Regardless of characteristic similarities
nettle fibrebs weight is twice | ,QR008;Balthaletaah c o't
2012 see details for characteristics from tables 2 and 3, Appendix)

Nettle fibre has mold resistant qualities and
able grow on the fibre. Testing did reggecifythe variance of moldpecies and further investigation
on the matter is recommended (Hakkarajig@@9®4).Net t | ebés ant i fungal prop

also from transgenic resistance perspective (Does, d98l9) and mold resistance at the University
of Clausthal Zellerfad by Ziegler andZiegmannin compositesBeckhauspersonal communication,
January 2%, 2019).

Fibres can be extracted by chemical extraction, water retting, manually or by microbiological or
enzymatic methods resulting different qualities of fibtettle fibres are long, breaking the stems prior

to biotechnical soak ruined majority of fibres in a study conducted in Finland (Hakkar2@tet).
Microbiological retting (anaerobic plus aerobic bacteria) proved to produce higher quality fibres than
wate retting (Bacci et a].2010). Finding environmentally sustainable solutions for retting process is
crucial ensuring textile products over all sustainability threaghits life cycle (Di Virgilio et al.

2014; Kaaridginenpersonal communication, May’32016 Zekovic, 2017.

European nettle fibre spins best with support fibre from silk, viscose or wool with a ratio of 70% of
nettle and 30% additional fibre, depending on the intended purpose. In the U.K. Nettle textile intended
for upholstery purposesas mixed with wool and was awarded due its biodegradability and fire
repellent qualities. 0G stard company used net
larger international companies aretrknown using the fibre (STIN@roject,2009; Hakkarainen

2004; Suomelg2015).

Raw fibre, woven textiles and products made of nettle yarn are availatdeatercialinternetweb
platforms such as Etg2019) Amazon(2019)and Alibaba2019) Majority of the textiles are woven

from Himalayan ndte or Gllod (Girardinia diversifolig) and are madenostly entirely in Nepal.
Textilesfrom this origin are brownish and coarse, mostly due limited technical processes and resemble
textiles made from hemp. Some companies in Europe sell more refined nettle textiles, however only
NFC GMBH Nettle Fibre Compan{2019)in Germany sells European nettyarn produed by
contracted farmers (Beckhausersonal communication, January"22019). An ltalian company
Maeko sells fine textiles made of nettle, however the fibre thegngieatesrom China ands most

likely ramie {/ismara personal communation,January 18, 2019).
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Nettle as food

Interest towards different potential uses of nettle includes medicinal use and consumption as food.
Several studies have been conducted regarding its health potential and value for human consumption
in manycountries like in Finland and Austria (Galamh@&i02and Vog| 2003 as well as in Italy

and Mediterranean, Iran and India (Amarellou et28112; Butkute et gl2015; di Vigrilio, 2013; Jan

et al, 2017).

Nettle is often compared to spinach dueussbility and characteristics. In Finland nettle has been
used in soups and mixed with bread for additional nutritional value (Galargbdd 4 ) . Net t | e
are rich in minerals and micronutrients as well as iron and vitamin C. High amount of Vitgsee C
Appendixtable 4 and pprevents nitrateBom forming into harmful nitrite compounds. Nitrite levels

can be reduced by boiling nettles prior to.udiérate concentration in the stem biomass can be nine

(9) times higher than on leavekanet al, 2017, Seuri & Vaisdnenl995; Nurmelal984, Weiss1992

& 1993). High composition of minerals (such as Mg, Fe, Ca, Zn, Mn and K) and Vitamins K, C and

A can be a positive contribution for dietary
Apperdix table4 and § requires futher investigation as simildevels are not foundr mentioned

el sewhere in |literature (s Appemdigtalleb)eds nutri ti

In Finland dried nettle is marketed for human and animal consumption as a special dietary supplement
and prices for human consumption vary betw&861 178 euros per kilogram of dried nettle. For
animals the price was between 93 euros per kilogram feebh@nd 56 euros per kilogram for dogs
(Helsinki Wildfoods 2019 Nokkoskauppa2019 Chia deGarcig 2019)in online conterd In Amazon

(2019) internationally popular platform 1 pound (Ib) of Bulgarian dried nettle cost $25.38 or about
$56 (49 euros) foa kilogram. The mjority of the Finnish nettle supplements are collected wild nettle
except the products from ONokkoskauppad which

Medicinal and cosmetic use

Ethnographicallyettle has been used in different soaks to prevenkdsairdandruff andariousskin
problems such as acne and irritation. Nettles bioactive compoundsdenseen preveirig infection,

stimulate wound healing and regulatimjlammatory symptomsand its prospects as wound dressing
purposes are currentiyudied in Maastrich{see Maatsricht University2019) Nettle roots havbeen

found to prevent prostatic hyperplasia and both roots and seeds are found to have antimicrobial and
antioxidant properties.

Nettl eds t her apeut itcphendiccenipoundsowever e raot extractsbvere e d
poor in phenolics and contained chemicals such as fatty acids, scopoletin, sterols, isolectins and
polysaccharides. Nettles aitiflammatory, antimicrobial, diretic, anbhelmintic and hepatoprotective
gualities have been tested and all aerial parts have tebedsto medical purposes (Jetral, 2017).
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Nettles antifungal propertiesave beerinvestigated separately frorboth material andmedichal
perspective (Janet al, 2017 Broekaert et al1989).

Nettle as a farm input

Nettle has been studied as an animal feed component, where especially poultryrsasdane
mentioned frequentlyor exampleby Heeger in 1956 (Seuri et all995) and Marghitas in 1990.
Adding nettle in different ratios to feed has proven to increéhedeed utilization and overall
consumption with pigs early and maturgrowth phaseas well as with poultry and gee Additional
nettle in poultry feed rafed the color and glity of meat, whereadditional nettle increased the feed
intake of geese.

A comparative trial on pifeed was set in Polanditovestigatehe growth ratelifference by additional
antibiotics and herbal mix that consisted nettle igélllium sativum and couch grass rodlftrigia
repens, Agropyrum)rhe ontrol group with additional herbal input in conventional component feed
had 6% better daily growtloth in growing period anid fattening periodUse ofantibioticsprovided
anadditional 5% increase in the firgtogving period but noti the second. Additional herbal mixes in
pig feed conisting nettle in the ratio of I50% increase the feed utilization ratio and overall
consumption in all age groups based on studies donerma&ay (Galambos2004).

Nettle water, which is prepared by soaking different amounts of nettle in water from one to two weeks
and then diluted has been researched fnataralpesticide perspective in Hungary, Yugoslavia and
Germary . Nettl e wat e roddifferenhpaatdice suetaas rosge ehthérasiphum

rosag and red spider mite3 étranychus urticge In the study conducted in Yugoslavia (Sekulovic et

al., 1996)the liquidwasfoundto have a toxic impact on thesects. In Hungary consistent use of
nettle water on prune®(runus domesticagnd red currantRibes rubrumyecreasethe amount of
abelgid populations such as red currant apl@dygtomyzus ribls and the Aphis spiraephaga
population in plants. Deadsects were found absent on observed plants therefore study suggests the
nettle waterés affect was evictive, not toxic
impact of nettle water toommonc a b b aByjassica olefacea)ests. Usage ofettle watereduced
cabbage bPletstbmgsitalkeg® layind on cabbage leaves. Nettle water did not stop the
larvae consuming the leaves, the reducing impastbased on restraining laying eggs on the plants
and thereforaiminishing the overall amount of pests (Galambp&004).In Spain nettle slurry is
commonlyused in organic farming as a fertilizer and pesticide and nettle slurry predeictarketed
commercially(Garmendia et 312018).

Planting nettle to over fertilized soils has beaggested in literature in addition to improve soil health,
however this may set constraints to the intended end use due possible change in nutritional
composition.
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2.3 Nettle as a carbon sink

Carbon is an essential basis of agricultural productvbere it enters the farm system from the
atmosphere via plant photosynthesssfixed in the soil and exits as crof@onceptuallyjncluding
carbon sequestratiosnd vegetative above ground carbbxation (i.e. photosynthesisyithin agr

food systemgo future carbon markets essential ensuring the control of greenhouse gas emissions
andutilizing their full potentialparticipating into climate action3echnicaly all farming is carbon

farmingwhere CG transfersrom the atmosphere to plantgich stabilize it in the sosnd fixate it

into above ground biomass. For sustainable agricultural production, neutralizing activity in arable land
could decreaste ar mi ngés over all environment al I mpact

Nettl eds car bon smattd yighddhavebeen researshedvandtcdriomstodkinystems

of nettle was foundnaverajeat3719kg ha'. Thedifference between high fibre content nettle clones
and wild nettle plants was significant in terms of carbon concentration per dry matteT elterbon
stock of fibre nettle cloneis above ground biomassas between 4885389 kg ha, in comparison
to wild stinging nettle, slightly over 200@ hat. Fibre nettle clones proved to consume significantly

larger quantities of atmospheric €@ ha?) in relation to biomass thanature forest¢Butkute et al.

2015) According to the studynemp and fibre nettle clones could be promising candidates contributing

to the reduction of atmospheric GHG emissiohke t t &rl@od stocksas been examined frothe

stems and shives, a resafrom extracting the fibralsoin Finland from the potential bio energy
perspectivesuggestinghe plant itself can act as a carbon sink where shives as well as the stem straw,
an agricultural waste material concentrates carbon richly creating high heating value of the biomass.
This residue material for exampan be used as a farm input in engogyductiona n d woruld d n 6 t
out commercialuse of the leaves nor fibrélettled stmospheric C®emissionconsumption was
quantified byfibre nettle clones 18,tons per haand the wild stinging nettle 7,7 tons gger ha

(Butkute et al.2015).

Nettl eds carbon sink characteristics are uti/l
into a hectardased carbon balance inagbn to the immediate emission poimtsthe production.
Determining these emission points helpgprove climate mitigation practices within the afpod

chain and possiblyeduce costs both financially and environmentallyext, | will review the
theoretical basis of this study and how the additional environmental variables are assembled to
convenional agricultural accounting practices.
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3. Economic analysis of nettle production

Previous sections illustratethe agronomic principals of nettle production and its commercia
prospects as a crop. From therature reviewl move to theoreticaprinciples of agricultural
production economics and furtht® cost accounting and different factorsefenue. | approach them

from a management accounting point of view and illustrate how these calculations can be used to
investigate farm level produetty and its association tgositive environmental measures. These
sections providéackgroundnformation for my empirical section where vie@m the economic®f

nettle production, the effects wiput useand different factors oprofitability at thefarm level

3.1 Production economics

Production economics illustrate the economic process that leads to output from using the available
resources and means of production. Resources can be dividednrtorrent assetsuch as landnd
improvementsbuildings machinery and equipmeandcurrent assetsuch as crops and supplies a

well as cashFarm management controls the proportions in which these inputs are used to achieve
goals within the economic and biological environmenthimi the availablegchnology. The farm
manager (i.e. managemerg)primarily responsible in choosing how the farm resources are allocated
to ensure the best possible economic result (James & EB606). Theoretically the economic
optimum is chosen from the combinatiohproduction possibilitiesn the basis of input and output
prices.

Theoreticallyall production possibilities aggresented as= {(x,y):x can produce y} (2)

Wherex:(xl, é . " represents the inputs as a veatba nonnegative inputsind y:(yl, €. ,ym) i
the output vectoof m non-negativeoutputvalues.T consistf all possible inpubutput combinations
that can be executed (Sipilainen & Ryhanen, 2012).

In this study, | will notuse theoretical modelling groduction possibilities. Howevait,is important

to highlight the systemic nature of agricultural production and the environment in which the farmers
make their decisions and what drives them. Theoreticalelling is useful in ordéo understand the
production possibilities set within the given set of resources and to compare different lines of
production within that set.

Agricultural production is a portfolio of physical production processisre theelationship between
revenuesand costs determiné ar mo s profitabil ity aimgementade o u
technological process that creates the most beneficial outcdPmeduction technology is the
technology set that represents all possible production combinations with the available resoarces. Th
term technology does not refer to any specifechinery or equipment but to aayailable line of
production thats possible to obtain within the farm conteXte assessed production technology in
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this study ncludes the available land, usable machinery atigtrinputs used in the prodtion where
the chosemproduction combinations atke conventional crop rotation and production of nettle.

As shown infigure 31 below the farm income is dictated by different facs someof which are

external angamot be influenced by the farmerandsamet er nal and wunder f arn
of inputs andutputs are mainlgxternatlto the farm but productivity of the production process is to a
large extent an internal factor.

Productivity

Relationship
(v/x)

Inputs — Production process — Output

,, l

Prices of inputs Price of the product

|

Proceeds, subsidies and
Costs Compensation

l

Profitability

Figure 31. Agricultural production process and determination of profitability (Ryhanen &
Sipilainen, 201286 retelled and translated from original layriter).

Most farms have multiple profit units (i.e. lines of production) contributing to the revenue. One of the
most common péial productivity measure is yielgber input unit primarily generated by usinthe

farm resources, i.@hysical inputs suchs landseeds, fertilizers and pesticides or fuel in machinery
(James & Eberle 2000, 105, 10Bepending on the modtieyield per hectare comparisons between
farms can measungroductivity in biological and physicaérms as well as give informati@bout
farms management amdficiencywhen input data is availabl@hef a r pnddgctivityper profit unit
increasewhena greater outpuor- higher yieldsareachieved without affecting th@mount ofused
inputs i.e.,increasingechnical efficiencyi.e. management practiges

Marginal revenue illustrates the change in revenue by unit whengheis marginallyincressed. If
the output increasgzroportionallyin higher ratethan inputsproductivity increases. In relation, by
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improvingutilization of inputs farmer can decrease costs or increase revenue (Ryhanen & Sipilainen
2018, 85.

Farm revenués obtainedas a combinatin of revenudrom agricultural subsidies and compensation
schemes as well as dgdroduce (Sipildinen & Ryhang?012 207). Farmersannotinfluencemarket
prices of outputs anputs. Thereforehigh productivityand optimal allocation of availablesources
are the mainmeariso af f ect f abotmid srop prododtian arahimallhusbapdry. fie
value ofthe produce depends the crop, demand, quality and other factors. Specialized crops su
as spices and organic produntay generatdower biomass per hectare but this is compensated by
highe output pricesJames & Eberle2000).

In conventional agrigtural economicseconomies of size often reflethe assumption where lame
sizeis associated withetter prditability. The dstributiono f i fcastgtaadatger quantity of output
decreasethe unit costsrelatively by increasethrm size. The advantagé lsigger sizecapitalizesn
the long termand ismeasured bgost elasticity oeconomies of sizdn economies of sezthe larger
output becomes cheaper to produce by unit over time (Kay et al. 20166363 hishas ledto the
structural change in agricultumeternationally, where smaihmily farms haveftenbeen replaced by
large scale farms either operated by enterprises, private farmersps.&ay et al. (2016, 165) argue
thatmachinery and equipmemt smaller farms shoulderform multiple tasks and duties acrpssfit
units. Similarly a farmer must cover multiple tasks atiek machinerymust be adequate to perform
many different purpose&urther, Kay et abrguethatmultiple tasksmay increas@ersonal s&ss and
create inefficiency itmanagemendind utilizationmachineryIn contrast, it is arguethatlarge scale
units enable each worker to speciatimecertain taskand increase efficiency within the procebkis
study does not aim to assebe virtues of one farm type over anothdowever understandingf
different operating environments is important and where {acgé size farms can produce high
volumessmaller enterprises have ability to adapt and specialize in a way that large necessarily cannot
(Kay et al. 2016, 165).

The outcome of economic activity is primigrmeasured by generated profitowever, inthe short

termi t 6 s p o s speriodsa lovt av evem anarexistent profit if the activity is bound to turn
profitable during a r@sonable period in the futur€or nettle, first years expected commerciallynon
viable output could be rei mbur s eMandggmeritpracticase 0 s
determine the efficiency of this process. Different origins of costs must be recognized anéhtraced
orderto increase capacity utilization and gain optimal results.

Next, | will review the basic elementsf management accounting,st@ccounting and different cost
factors.
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3.2 Management accounting and gross margin calculations

Economic decisionmaking means a speciffrocess whera plan ischosen over another based on
economic factors. Internal accounting or management accounting means utilizing all available
accounting information to create as inform@dture of the compangs possibleand toplan for
foresight prospects. The accountimormation can be retrospective, assess present performance or
target future opportunities (Neilimo & UuRauva 200536; Haverila et al. 2009, 163).

The aim of cost accounting and management accounting is to explain howotmep any 6 s r ev
werecomprised Principally inputcosts are theattors that created the reveramgcan be determined
and examined with analytical profit calculatiorethods

Costs

The production functigrthe relationship between inputs and oututihe basis of cost planning. The
cost of producing something in a giveritwf time equals the product lilge quantities of the needed
inputsand their prices. Determining costs is based on operativéidaabtity andis the first phase of
planning. Dfferent cost itemsust be traced reliably and the most important factors for the production
to be carried outsuch as raw materials and necessary amount of kimbhave the higher order
priority (Scheider 1952, 79, 139). Principal agnbng practicesre operated on @ost basis where
cost isderivedfrom the inputs use and input pricda reverserevenuesare extrapolatedrom the
producewhenmultiplied by the selling pricdRevenuesind costs are determined by relation with one
anothemwithin theproduction process és Appendix formulas 2 an®).

Costs aresommonly dvided into (1) fixed that remain stagnant regardless of the capacity use or (2)
variable costs which change wiginoduction. Wherassessingosts, duration of thprocess is crucial

as all costs are variallethe long runincluding fixed costdn agronomy,interest oroperating capital

is an example of duration of costs. Operating capital is the amount of fundsehid to the process

for its durationustally 6 monthsThe interest rate represents the time cost of money, the compensation
for fixing the current funds to the given process for the pier@od When allocating costs to different
profit units, thetime cost of money is relevant for reliablsués.An alternative for a farmer could be
selling all the means of production and finding a different occupation.

Different types of calculations are used for differeatposesnd the most relevant for this study are

cost accounting and gross margin calculations that show the pattern and structure ofuttgoprod
within the profit unit(i.e. line of production)The goss margin method is a simplified procedure that

is baseanthecost andlivisionsof costanto variableand fixed. Gross margin method showwhich

rate the sales must lag¢to cover the most immediate variable costs and b) to coveraddlo fixedi

costs. (Haverila et al. 200966 170). Next, | will revew thesecalcalt i ons and how t he
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Gross margin calculations

In agronomyone ofthe most commonly udepractice to control and plgmoduction processes is the

use of gross margin calculations. The method illustrates partial profitability f@rthentity showing
generated gross margin when variable costs are deducted from revenues and final profit after deducting
thefixed costsrom the gross margirGross margie and cost accounting give information about the

cost structure of aingleprofit unitandcan be seen gmartial productivityinformation regarding the
fasbmbs portfoli.o of profit wunits

The frst phase of the method ito recognize the variabieput costs that are necessary the
productionprocess.Theseinputs are seeds, fertilizers, pesticides and immediate running costs of
machinery necessary for production. Boen of theseossis gathered into working capital percentage
which $rows the amount of capital thattied to themmediate costs of productiohe interest on
working capital is obtained by multiplying the sum by the time factor and interesEnedel. costs
represent ta set of all farm resources that are used as means of production and cannot be offset in a
short period of time. These resources cause costs inevitably whether they are used or not. The only
way to avoid these costs is to sell the resources (Sipilainegh&rfen, 2012, 112). These costs are

the family labor inputinterest orland and improvements, buildingsjachinery and equipment. The
recognition of costs is crucial when examining profitabiitglifferentproduction liness fixed costs

tend to overlapvith different profit units.

In order to assess profitability of production the calculations need market information regarding the
price of the output. Reliabl e i nf orThedforewedn abo
carry on withcostbased calculation arttie target price is set according to the brea&n priceDue

to the European Union Common Agricultural Policy (CAP) the Union suesidagricultural
production. In countries with high production cgsuch as Finland the subies forma large part of

the revenueAppendix, table 7revenues, first section). Next, | will review some valuation methods
andhow the economic value ttie envionmental variables may be examined

Environmental framework

The limits of land resources and increased demand for biomass originated materials and fuels has put
pressure to increase tlageaof arable land for cultivation. When market mechanisms cause the
utilization of landto serve the demand the resulindirect land use. The most significasttare of
environmental impacts of produgtscaused by land use change in otdeneet the market demand

for biomass products such as food, feed, fuel and other raw materials such as fibre (Mat@@Jit,al.

29).
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Environmental costsand revenues

The cost base@nvironmentaimpact assessmeoan be dividednto direct and indirect where direct
costsare immediateemissiongrom production. Indirect costs are emissidrem the production of
inputswhich areused within the production, in thisudythe production of fertilizers. These indirect
costs are environmental costs tappearlsewhere.

In agriculturelarge share ahdirectand direcenvironmental costs originatem the use of fertilizers

and pesticides Systemically the consumption of inputs is declared as indirect energy consumption of
the agricultural productianThemajor share of energy consumption of the process is caused from the
manufacture of the inputs and reducing the input use affects the overall energy consumption by
reducing the demand and decreasing the manufacture of these inputs (20adkad3). Addionally,

reducing inputs and increasing yield by enhanced agronomic management such as crop rotation and
bio wasteoriginating orrecycledfertilizers can save resags and reduce immediate castshefarm.

In this study, the primary calculations arerread out using the immediate variables from the
production plan such as tractor work and fuel consumjgisonell agonventionafertilizers.

By definition,environmental costs are relatedhiedeterioration of naturaksourceslueto economic
activities. The costs can be caused by the activities of economic units or costs of the units
independently whether they have actually caused the environmental impact§OECD Glossary

of statistical terms, 2019). These costs represent adnekjures thaincur in ordetto prevent, remove

or contain environmental contamination or distress. These expenses can be set to cover product design
manufacture, logistics and strategic foresigBbst benefit analysis is used in environmental
economics to study thatility ratio of reducing emissions and increasing positive or controlling
environmental impacts. Carbon pricing is the result of these analysastinhprice of carbon
representthec o mpensati on for the society enfissibnbkand e nv |
therefore represents the casft emissions. In this study th@ice of carboris used to monéte the

positive environmental impacts of the production bsing the ratio ofjuantifed direct emissions

caused by productioand produced outpdits car.bon si nk

Environmental revenues

Adoption of agricultural practices like cover crops, agroforestry and introducing hedges have a
significant potential in increasing carbon sequestration within-fagd systems. The technical
potential of carborsequestration within these systems in-ElUis estimated to be 1566 million tons

of COx-equivalent annually, corresponding 37% of all EU.@Quivalent emissions in 2007 (Aertsens

et al, 2013). The environmental benefitsan and perhaps should be studied from a revenue
perspective. In this studthe valuation of positive environmental impactbased omettle®s carbon
sequestration abilitigsee figure 2, p.22).

Dueto thesystemic naturef agriculturethe effectiveness of carbon sequestration is dependagilon
characteristics anthe amount and intensity of used inputs. Excessive use of fertilizers such as nitrogen
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may offset the positive effect through higher nitrous oxidgO)Nemissions Introdudng nitrogen
fixative crops vasfound to increase the carbon (C) accumulatimich, however is progressively
offset by higher MO emissionscaused by nitrogen fertilizers over time (Lugato et 2018).
Agrochemicals indirectly account 49% of the taaérgy consumption (3900kWh/ha)aminventional
barleyproduction(Ahokas et al.2013, 7). The energy share of agrochemicals can be converted into
COr-equivalents and so valuated by the emission to give the input an environmentaFuahe.
far mer 0s (qoifaarbgn eequestrati@manadditionalenvironmental policy scheme thatyna
increase bureaucracy and lagkslism. Soil carbon sequestration requires long term commitment
which has proven to be problematic in the United Stateto scattered landownership (In 2012 nearly
40% of farmland was operated by renting tenants) (Amundson & Biardeau, 2018).

The European Union emissions trading system (EU ETS) is the maketbasedinstrumentfor
reducing emissions within thenibn. The system allows companies to buy and sell emission
allowances athe emission marketffering a flexible and costffective way toallocate cuts of
emissionsThe value of carbon depends on many economic factors anchpgoeariedrom $1 per
tCOze to $30 per tC@e (Waldén et al2019; EEX 2016). These markets can hypothetically offer a
price that allows us to examitiee price forcarbon sequestration as additional value creation within
agricultural productionEnvironmentalimpactsof carbon segestration in nettle productiozan be
monetally valuedby using the carbon emission market pricing. Maisiationmethodis hypothetical
ascarbon markets do not currently cover &god s/stems.

Farm (crop income efficiency)

Income evaluation

1. Cash flow
2 Net income
Receipts l Expenses

Capital Turnover
(Land, improvements)
Fixed costs
Variable costs
Production Return/Expenses

Subsidies/Variable costs
Cost/ha
Value/ ha

\ /‘sed quantity

Machinery cost/ha

ProdTch?:it::: ?: cle P"Cis recewe_d /paid Capital/labor substitution ratio
CO?2 value (avoided input-output ratio)

(avoided costs)

Figure 32. A graphbasedon James & Eberle (200Q0).
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Addi tional |l y, nhentetitdarebé exangned/ from tberavoieled toat perspective, where
060savedod6 inputs create revenue for the product.
cost basis, where avoided costs of alternative productidreaeditsof the current produin - in this

case nettle.

As a reference in this study the alternative srageconventionally produced cereals and grass silage
Production costsral emissions generated frahrefarming activity are assessed from this basis

Pricing the output

Acompanyo6s pr i ci n-dimepsiomacliggat®n, howevea thenpunhaty iaim is to set a
price that will cove the expenses and ensgmfitability. A company must recognize its costs and
constraints and set the price so that operations are seCastdbased methods concentrate on covering
the immediate production costs and mattk@ted method®ly on the information of median market
prices and therefore on competitors. Cost effective pricing is in principal basactual costs but
remarks thearget profit of the company within the process (Neilimo & Urauva 2005, 185). In
this study we are assessing a specigtpduct that hasurrentlylimited but existing marketThe
following methods offer a starting point for forming the empiricid@ations forprofitability of nettle
production

Basic microeconomic theory approaches pricing from consumer perspective and from private
enterprise point of view. For consumer the price is tied to the amount of utilibuyfegis goingto

get from thepurchase. This relationship determines how the consumer is to distribute persotial weal
between the available goodBhe theory assumes free market conditions, where prices affect the
demand of the product so that higher prices decrease demand andrioe®mcrease it (Haverila et

al., 2009 183 184).

Industries such as agriculturéelong tothe economic sector where producers are price receivers and
cannot influence current prices. Likewise industries that are tight in competitian otherwise
regulated by priceinformation about costs and expenses are used to determine profitability.
C o mp a n y-éffectiveness ttan be examined by subtracting assumed (or real) costs from the
available market price data anderto verify profitability.

Grossmarginbased pricing igalculated throughariable costs caused by production and a separate
profit margn which together form the targetice for the product. Determining variable costs correctly
and creating sufficient revenue to cover fixed costsaddgional requirements for the methéall
costingpricing includes fixed costs into the process (Neilimo & URsiuva 2005, 185; Haverila et

al,, 2009, 186).

Agricultural productionunits are highly capitalized entities and farms hold lamgeestments for
running processes. Return on inveshtmethod ibased ommmediatevariablecoss but ensures that
expected return for capital is targeted correctly (Haverila ,&2@09, 188). Gross margin calculations
offer detailed information abouhe production process and method allows to include the required
fixed factors intohe price estimate to enswgefficient price coverage for the product.
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The value of the nettle outpigt difficult to assess without an extensive market research forame

stakeholders. With eeview to online selling platformshe majority of nettle products were dietary
supplements, cosmetics and textiles of ddfdrkinds. Prices of specialfgod supplements do not
tend to give reasonabpgiceinformationto supmrt farmers production decisionas the market price

is not likely to remain as high if the supply increases.

Crop characteristics can be taken into account when developing pricing mechanisms beyond
production cost basighe fibre content of wild nettlis remarkably lower than cloned varianedsch

is the reason whgricing of the outputouldbe related to the fibre content of the stem biomass. Most
common nettles found in Finland amounte& 1 7% fibre content when cloned fibre nettle variations
amounted up to 17%. Due nettles lower fibre content in comparison to flax and fibre hemp the farmer
should receive higher compensation for the stem harvest (Lehne, @0@2). In Finland the
product i-evanprie for a klagkam oflry nettlewas 0,3 euros, when annual yield of dry
biomass wagl000 kg/ha. The production price @pinned nettle thread amountexd27 80 euros
(Hakkarainen2004, 17)For a comparison, production cost of fibre flax was 0,14 euros per kilogram
(Valkonen 2010).A suggestive price for the fibre could be illustrated by creating a ratio from the
production cost and the percentage of fibre in the clone.

The expected leaf output can be theoretically predicted using the linear regression model. This method
coudbeappi ed in estimating a hypothetical price
per hectare to production costs. Howewethis study | have chosen to concentrate on the immediate
variable cost of the production and create suggestive pbesgd on the gross margin methatiich

should also cover fixed costsgardless of the end use. Ideally, multiple end uses would distribute the
costs for example between stems and leaves separately.

3.3 Profitability

Economic performance is commonly assessed from accounting information using measures on
liquidity, solidity and profitability (Haverila et al., 2009, 149). Several indicators for profitability will

be used in this study. Profitability measures the performance of the physical production process and
integrates it to prices through costs and revenues. This measure can be affected by factors agh
guantity and pricesputs and biological characteristics such as soil fertility and weather. Expressed
by accounting termsline of agricultual production represents a profit center of an enterprise which
is responsil@ for a certain amount of revenueswell as expensdsxpenses may overlapth profit
centers as some centers may act as inputs (or partial inputs) contributing to ovetalipgrofit
creating revenue on their own (Kay et aD16, 334).

Generating profit is a principal aim for most economic activities and can be measured by the ratio of
return to costs of these activities. Profit simply means the economic gain that is left after all the costs
of the pocess are deducted from revenu&gricultural productivity is measured by physical ouitt

in relation to physical input®rofitability is the crucial measure for farm performance, it eases access
to financing and backs up plans for the futiistaverila et al.2009, 150)Profitability canbe mproved

by reducingunit costs, improving maagement and use of resources,ianckasing value of the output.
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A profit increase is oftepredicted to go in hand with increagsebductivity. However high cost of
inputs and low market prices of outpartd low soil quality have greaffect an the margin. Higher
yields do notnecessarily increase profitability and grbwh profitability can be achied by re
allocating resources and finding new pathways for value creation.

The conventional profitabilt approach by van Loggerenberg and Cucchiaro (1981) (see #dlre
shows profit solely as an outcome between revenues and costs ignoring the possible drivers behind the
generation of the prices agdantities

Change in revenue

Change in profit

rs

Change in cost

Figure 3.3 Components of profitability, a conventional approdean Loggerenberg & Cucchiaro,
1981)

Van Loggerenberg and Cucchigfi®81)expanded the approach towards more systemic view where
the relationships between the comeots and their ratiaffectprofitability that models the quality of
the economic activitiegsee figure 3.4 below)

Change in Change in Change in
Product Revenue Product Price
Quantity
Change in Change in Char!ge n

. . _— . D E— Price

Productivity Profit

Recovery
Change in Change in
Resource —— Change in — Resource
Quantity Cost Price

Figure 3.4 Multiple components of profitabilitivan Loggerenberg & Cucchiaro, 1981)
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In the farm context, the v#ables presented in the left (thieangein product quantitythe change in
productivity andthe change in resource quanjitgre (in short term) bound byroductivity that
determines the physical set of production possibilities. Economicat ¢elnm) factors are presented
on the right.

Dueto the stagnant nature of input prices the technologitarsgallocation of resources asial in
finding thebest possible outcome. Environmental indicators and variables represent the framework in
which the profitability measures take place.

In this stdy, I will concentrate on the economic factors and investigate how selection of crops within
the conventional agricultural framework will affect thevfiability. Environmental performance is
studied based on generated emissions by hectare.
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4. Methods and data

This study is a deductive case study with quantitative characteristiesdeductive character is
derived from the study gremises, in this caskactors of production. In a deductistudy the
correctness of the variabldstermines thealidity of the outcomgenot the outcome itse{Halonen,
2009).This mans that if the premisedata and characterization are correct, so is the outcbimee.
dataof this study aréormally numeric but dugo its limits it cannot be representative as aist&il
average.

Thestudy is a case study whieimsto describe a single event, situation or illustrate a case in part of
a systemic matter or as a phenomenon (Yljt20d5; Hirsjarvi etl., 2004, 126; Uusitalal999 761

77). The datarepreserg production activities of nettle thédkesplace in Finland or in comparable
environmentsVariables are suggestive for simildimates angroduction environments within the
theoretical and analytical framework with similar crops and production scenarios. Similarly, the model
to assess emission rates is assembled using Finnish referertbesnput use The method is ideally
extendable t@ther environmentswith certain reservations.

This is a studyabout production costs and characteristics of nettle in the conventional farming
framework. Thedataare gathered combining production data frgreviousresearcharticlesand
assembledaccording to relevance td-innish standard gross margin templatagplied in

6 Tuot t ofPreAgrig 2009). 6

The setting makethefollowing assumptions;

The gross margin is assembled in a hypothetical situation where er fanptanning to
start nettle production.

There is no reliable market price for nettle outduterefore the price issetbased on
costs and environmental variables
European Union Emission Trading System is expanded to covefoagrsystems by

carbonsequestration conducted at arable lamch that we applgxpectegrices of CQ
equivalent emission permits as the environmental cost of enmgssion
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4.1 Data

The nformationand dataabout nettle wereollected from the scientific literature amacessible
databaseslhe datavascollected and selected basedtbarelevance andeliability. Majority of the
references arselected from authors that are academiclbused on nettle witlthe intention to
highlight the prospects of the crop for i referenceand use The framework of this study is
constructed using academic literature, governmentadports and internationally acclaimed
publications. Personal communicatohavebeen conducted in adaiih to clarify the assumptions
regarding themost current markets for nettle atmpredict its commercial prospect$he settingof
this studyis assembled frormrevioustrial projectsof nettleproduction. The combination of different
projects and trials was selectedimbegratethe most relevanproducton data and environmental
measures

The data on nettle yields and agronomic management are from Finnish field trials by Galambosi et al.
(2002). They combine Finnish agricultural characteristiod e@alculation methods. Theata are
collectedfrom trials thatwereintended to fit conventional agricultural productidrne results were
compared to similar alternative nettle projects in ltaly (Bacci et2809), Germany (Organic
production approach, Lehne et @002) and Lithuania (Jankauskien&@lgt2016; Butkute et al2015)

where findings are in line with each other suggesting universal similagtyhirm r act er isst i c s
production The \ariance in yield formation can be partially explained by natural constraints and soll
characterist s . Net t | eséaccoidinggoditeratures(sfepersdix table 1 for different levels

of fertilizers and tabl e 11 )fThelevehds nittodemsEettoc h o s
100 kg N/ha to ensure high potential biomass outputt to preserve environmental effects at a
reasonable level. Machinery is chosen on the basis of grass production technigue as similar machinery
has been used in Finnish field trials.

The machinery costs for each oworacgp adr éeou)@m8i, \b&d
f i xed /holnsVadaBldicosts (Variable) are standard costs that include labor and fuel cost and
fixed costs (Fixed) include cost of maintenance and annual depreciEt®icost of dryer is derived

from wheat drying mehinery.The drying of nettle biomass can be conducted with a silexsd¢dryer

for hay.The cost of drying the nettle biomass was adjusted from drying cost of wheat (28% moisture
content) setting the price acc moigiurecanteny (Vdijola net
personal communication, November®2016). The cost of dryingthe biomasss hypothetical but
includesthedrying cost in the gross margassessment

The @ove ground carbon sequestrati@iuesare selectedrom field trials conducted in Lithuania,
which has relatively comparable agronomic climate to (southern) Finland.

The asessment anvironmental performance is carried out by modelmeg\bO andCO.e emissions
based on immediate variabigut use ofmachinery and fertilizerd’ he immediate emission outflow
from machinery usper hectare was calculated according to the performance per task using Technical

Research Centre of Finlandds fgeWwitfloy g/leofhfiesThe on

measures were adjusted accordinglyamoaverage 90,5 kW capacity tractbhe fuel consumption
estimate per task was assembled from Finnish averages by Adt@lk#2013. The model (see picture
9, Appendix) usespecific fuel assumptionsee specifidion table 8 Appendi® which are used to
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calculate the averagetes of emissionsThe samevalues araised to form and deliver all required
official emission rates of Finland to the EU, United Natidolsl and governmental statistics asu
in line with international calculations guide providedIBZC.

The indirectemissions from fertilizesaref r om Yar adés online website al
available technology iterms of CO2e emission reductiah manufacture stagend t he pr oc
commomessin Nordic agricultural environmenthe direct emissions from nitrogen fertilizer use is
included accordingly to IPCC estimates (208&jgestingvery 100 kg of nitrogen applied to soil one

(1) kilogram can be expected to émitted as NO. An emission of 1 kg of #D equates to 1,57 kg

gas, the impact of XD kilogram is equivalent to around 470 kg £@ensen et al. 2011¥oil
characteristics, management practices such as tillage and particularly climate conditions such as
temperature and humidity affect the rate eNemissions. These variables are not included as the aim

of this study is to illustrate a robust estimate using desktop referéBeots.indirect and direct
emissions were included in order to see the sharetaflaemissions from fertilizer use dne farm

level.
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4.2 Methods

The agronomic data as assembled into gross margin calculatiamsl pricedbased on production
factor averages provided by ProAgfia Finnish rural consultancy organizatidfariable costs of
nettle production werderivedfrom theliterature anatosts of chemical fertilizerand used machinery
wereadaptedjuantitatively to fit the agronomic managemaésdriable costand quantitiesegarding
seeds, chemical fertilizemd costs omachinerywereadapted from Finnish standaralsoprovided
by ProAgria In this study the calculations are assembled thi#haseassumption chn averag&arger
scale farm with hundred (100) hectares of arable land and adequate machthean annual
minimumof 600h/year use rate.

The calculations proceeded in twWlogsesThefrstpppe s e assembl es nettl eds p
and inputuse according tgross magin basean Tuottopuntari (ProAgri2019) All calculations were
formedbased ormne(1) hectare of arable land per crop setBoghat nettle occupies one hectare and

the rotation set another, with different crops each year.

A

In the second phadeo differentsetsom et t | e 6 s nagement estimates wera darsng
TTS-manager progranThe first calculation for nettleconsisted of ¥ year set up work under the
assumption that the farmer would sow seeds diretththesoil (intheprevious autumn) and fertilize
later (in the following spring). Theesc o n-gf e @ M6 s e a lightes geremnialdgronomic
managemerih order to assess the following years management requirednaiifir proceedings were
done forthe comparativeetting, a four (4) yeanfpothetical crop rotation plan fannual springil
crop, annual wheat and perennial grass (2 years).

TheTTSp r o g ramenagesdefaulividth and speed of machinefiy for the basis assumption of a
large scale conventional farm Ma c h i n e r defaust pertbenanceadoes dot reflect reality on
the field so the calculations were adjusted to present the actual utilized caypaaoitythe actual
emissionoutflow perhectare (See formulas 5 and Gp&ndix) (Ahokas et gl2013; Stolarski et a).
2018, 772. The actual capacity was assumed to be 70% on tractors and 75% on harlesteosk
requirement was calculated separately for all crops ubmgame capacities anftiel consumption
estimats. The program gives precisduration estimate for the work prmance per task. Both
variable and fixed machinery costs were adjustecbrdingly to estimated duration of each thgk
using the duration as a multiplier

The CQe and NO outflow per hectare was derivédised orus i n g &@&rdgé emission rates

(table 1Q Appendix) foreach of thei ndi vi dueaslt i anmad eds fi el d task©od
separatelyThe adjusted capacity and therefore fuel consumption gives more reliable emission outflow
per field task (Ahokas et aR013).The fuel consumption as adjusted with duration similarly to costs

in order to create a precise emissionvalueperfdskf er t i | i zer 6 s @loulakedhyon v
indirect CQe emission fronfiertilizer manufacturgrovided by manufacturanddirect emission from

applied nitrogen as soMN.O emssion accordingly to IPCC(2009. Additionally, the generated
emissions are compared to hypothetical carbon sequestration of each crop in order to assess the
possible carbon sink andmplete emission balance foduction.
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5. Results

Based on the TT-®Manager estimasenettle requires slightly overfours of active machine work on
field duringthefirst year and around 4 houins the following years. e task duration stimates for
crops in rotationwere in line withthe ProAgria standardveragevork durationand cosestimates

Nettleds estimated wor k | o atctedimtie tablefrbeloweTdblee mi s
5.2 presentshe TTSmanager estimates for each ciop.conventional crop rotatiom hetasks(work)
are setn orderthey are intended to take placethe production schedule.

Requiredmachinerywork by each tasks indicated by capacitikW); 128,6, 95,6 and 66 depending

on a taskThe fuel consumptioonf the machineryasestimated bysing a multiplier (Multiplier) a

val ue created by the rati o afratiowidédared capadty (Ve p
and actual capacity (Capacity).

Table 51. Summaryoh et t | e 6 scogstsamdlemissietsy yf TSmanagerestimates

Nettle Work km_h ha mnha hv % KW Capacity Multiplier Fuellha CO2 (F) N20(F) Variable  Fixed
1 Ploughing 6 1 &5 14 020 1286 90 116 251 112221,018 1877582 402132 238113
2 S-spring harrov 8 1215 072 010 %6 602 091 54 9585,60342 0,160378 20,5344 12,18%
3 Sowing 8 132 05 008 1286 90 145 7,6 177155,6191 0,297071 16,8268 99887
4 Field roller 7 1 247 04 006 %56 602 1,03 45 5179,62561 0,086661 11,6932 69413
5 Pneumatic fert 6 111 03 003 66 3 037 2,9 673547335 0,011269 6,559  3,8939
6 Mowing 8 1 247 04 006 %56 602 0,40 151 6800,82047 0,113785 11,6932 69413
7 Collection 8 1312 05 007 66 3 032 3 133845219 0,02239 14,8304 88036
8 Transport 15 1 86 013 010 66 3 02 3 1290,64429 0,021594 2081% 12,3589
9 Mowing (2) 1 247 04 006 956 602 119 151 201353393 0,336887 11,6932 69413
10 Collection (2) 8 132 05 007 66 3 043 3 1809,06925 0,030268 14,8304 88036
11 Transport (2) 15 1 86 013 010 66 3 280 3 16679,9369 0,279074 2081% 12,3589
12 Collection (2) 8 132 05 007 66 3 037 3 1579,75061 0,026431 14,8304 88036
99 Total 02 72 1 90,7 195049427 3263393 205,344 121,89
1000 Kg 195,049427
Nettle n-year ~ Work km_h ha mnha v % KW Capacity Multiplier Fuellha CO2 (F) N20(F) Variable  Fixed
1 Pneumatic fert 6 1 u1r 03 006 66 3 043 29 775494344 0,012975 6,559%  3,8939
2 Mowing 8 1 47 04 010 %6 602 078 151 13130,9503 0,219695 11,6932 69413
3 Collection 8 1 32 0% 013 66 3 043 3 1813,74989 0,030346 14,8304 88036
4 Transport 15 1 86 013 08 66 3 043 3 2546,22581 0,042601 2081% 12,3589
5 Mowing (2) 8 1 47 04 010 %6 602 078 151 13130,9503 0,219695 11,6932 69413
6 Collection (2) 8 1t 32 05 013 66 3 043 3 1813,74989 0,030346 148304 88036
7 Transport (2) 155 1 &6 013 08 66 3 043 3 2546,22581 0,042601 20,81% 12,3589
8 Collection(2) 8 1 32 05 013 66 3 043 3 1813,74989 0,030346 14,8304 88036
99 Total w3 4l 1 481 37571,09%2 0,628606  116,0764 68,9051

1000 Kg 37,5710962
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Table 52. Summary of costs and emissionsaiventional crop rotation plan by TASanager
estimates

Spring oil crop ~ Work km_h  ha minha  hiv % kw Capacity Multiplier Fuel l/ha CO2e (F) N20 (F) Variable Fixed
0 Ploughing 6 1 84,5 1,41 0,301927 128,6 90 1,16 251 112221,018 1,877582 40,2132 23,8713
1 S-spring harrowing (2x) 8 1 21,5 0,72 0,154176 95,6 60,2 0,78 54 8246,34706 0,137971 20,5344 12,1896
2 Sowing 8 1 35,2 0,59 0,126338 128,6 90 1,16 7,6 14218,2771 0,237888 16,8268  9,9887
3 field roller 7 1 24,7 0,41 0,0877% 95,6 60,2 0,78 4,5 3913,1971 0,065472 11,6932 6,9413
4 Pesticides 8 1 12,2 0,2 0,042827 95,6 47,8 0,62 1,8 606,274439 0,010144 5,704 3,386
5 Harvesting 4 1 46,4 0,77 0,164882 164 123 1,59 15,1 50386,2045 0,843017 21,9604 13,0361
6 Transport 15 1 44 0,07 0,014989 66 33 0,43 3 244,158639 0,004085 1,994  1,1851
7 Warm air drying 1 30 0,5 0,107066 0 0
99 Total 258,9 4,67 1 62,5 189835,477 3,176158 118,9284 70,5981
1000 Kg 189,835477
Wheat Work km_h  ha minha  hiv % kw Capacity Multiplier Fuel l/ha CO2e (F) N20 (F) Variable Fixed
0 Ploughing 6 1 84,5 1,41 0,220313 128,6 90 1,16 251 112221,018 1,877582 40,2132 23,8713
1 S-spring harrowing (2x) 8 1 21,5 0,72 01125 95,6 60,2 0,78 54 8246,34706 0,137971 20,5344 12,1896
2 Sowing 8 1 35,2 0,59 0,092188 128,6 90 1,16 7,6 14218,2771 0,237888 16,8268  9,9887
3 Herbicides 8 1 12,2 0,2 0,03 95,6 47,8 0,62 1,8 606,274439 0,010144 5,704 3,386
4 Pneumatic fertilizing 6 1 14,1 0,23 0,04 66 33 0,43 2,9 775,494344 0,012975 6,559  3,8939
5 Pesticides 8 1 12,2 0,2 0,03 95,6 47,8 0,62 1,8 606,274439 0,010144 5,704 3,386
6 Harvesting 4 1 47,9 08 0,13 164 123 1,59 15,1 52349,3034 0,875862 22,816 13,544
7 Transport 15 1 4,4 0,07 0,01 66 33 0,43 3 244,158639 0,004085 1,994  1,1851
8 Warm air drying 1 30 0,5 0,08 0 0 14,26 8,465
10 Collecting of straw 8 1 314 0,39 0,06 66 33 0,43 3 1360,31242 0,02276 11,1228  6,6027
15 Collecting of straw 15 1 233 0,29 0,05 66 33 0,43 3 1011,51436 0,016924 8,2708  4,9097
16 Storage of hay (crane) 1 79,7 1 0,16 0
99 Total 39,4 6,4 1 68,7 191638,974 3,206332 154,008 91,427
1000 Kg 191,638974
Haylgrass Work km_h  ha minfha  hiv % kw Capacity Multiplier Fuell/ha CO2e (F) N20 (F) Variable Fixed
1 Ploughing 6 1 96,5 0,4 0,046404 128,6 90 1,16 251 31630,2 0,53 11,41 6,77
2 S-spring harrowing (2x) 8 1 335 0,28 0,032483 95,6 60,2 0,78 54 3129,9 0,05 7,9 4,74
3 Sowing 9 1 50,9 0,21 0,024362 128,6 90 1,16 7,6 5071,6 0,08 5,99 3,56
4 Pneumatic fertilizer 6 1 14,1 0,23 0,026682 66 33 0,43 29 756,1 0,01 6,56 3,89
5 Herbicides 8 1 12,2 0,2 0,023202 95,6 47,8 0,62 18 591,1 0,01 5,70 3,39
6 Mowing 8 1 24,7 0,41 0,047564 95,6 60,2 0,78 15,1 12811,8 0,22 11,69 6,94
7 Plumpling (x3) 8 1 24,5 1,22 0,141531 66 33 0,43 3 4151,2 0,07 34,79 20,65
8 Plumping 6 1 16,8 0,28 0,032483 66 33 0,43 3 952,0 0,02 7,99 4,74
9 Collection of hay 8 1 31,2 0,52 0,060325 66 33 0,43 3 1768,6 0,03 14,83 8,80
15 Transport 15 1 43,6 0,73 0,084687 66 33 0,43 3 2482,6 0,04 20,82 12,36
16 Collection of scattered hay (by hand, 2 1 234,8 3,91 0,45359% 0,0 0,00
20 Fertilizer 6 1 14,1 0,23 0,026682 66 33 0,43 29 756,2 0,01 6,56 3,89
99 Total 569 862 1 " 699" 63:51 1074272 1343292 79,7405
1000 Kg 63,3
Hay/grass 2nd year
Work km_h  ha minha  hiv % kw Capacity Multiplier Fuel I/ha CO2e (F) N20 (F) Variable Fixed
1 Pneumatic fertilizer 6 1 298,4 0,23 0,029754 66 33 0,85 2,9 1551,0  0,02595 6,56 3,89
2 Herbicides 8 1 3191 0,2 0,025873 95,6 47,8 1,24 1,8 1212,5 0,020287 5,70 3,39
3 Mowing 8 1 3398 0,41 0,05304 95,6 60,2 1,24 15,1 20852,5 0,348885 11,69 6,94
4 Plumpling (x3) 8 1 360,4 1,22 0,157827 66 33 0,85 3 8510,7 0,142393 34,79 20,65
5 Plumping 6 1 381,1 0,28 0,036223 66 33 0,85 3 1953,3  0,03268 7,99 4,74
6 Collection of hay 8 1 401,7 0,52 0,06727 66 33 0,85 3 3627,5 0,060692 14,83 8,80
7 Transport 15 1 42,4 0,73 0,094437 66 33 0,85 3 5092,5 0,085202 20,82 12,36
8 Collection of scattered hay (by hand, 2 1 4431 3,91 0,505821 0,00 0,0 0
9 Fertilizer 6 1 463,7 0,23 0,029754 66 33 0,85 2,9 1551,0  0,02595 6,56 3,89
99 Total 34298 7,73 1 34,7 42799,9031 0,71609 108,9464 64,672¢
1000 Kg 42,7999031

The hourly time estimate (h/v) represents proportionally the time requirement per field task and was
used as multiplier in emission analstcalculations. Bied and variablenachinerycosts were adjusted

to each task based on the exact estimated duration of the task. Similar rationale was used in calculating
the direct CQe and NO emissions generated from the machinery use.
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Production costs

Significant amount of agricultural production costs come from fixed costs such as cost of land,
machineryand facilities(see take 3.1 on page 1@nd table 33). Variable machinery costs for crop
production varyaccordingly to task.IBughing and extense/seed bed preparatiarork accouns for
aproportionally large shra of general machinery cost&riablecost of machineryVariablg used in

this study, 28,52 euros per houfProAgria 2019)consiss all costs of usage such as labor
(16euros/hour), fuel0,73 euros/litre)and motor oil. Fixed cost (16,93) includes maintenance,
depreciation and insurances accordingly to annual minimum 600RVitbenettle and grass the cost

of foundation work and for example seeds realizes only on the first year andbeodiktributed to
future years.

Table 53. Variable and fixed costs of craps

1st 2nd 3rd 4th
Costs Crop rotation plan Oilseed crop 1 Wheat 2 Grass 3 Grass 3
Yield Kg/ha 2500 4000 5000 5000
Price (revenue) €/Kg 0,34 0,16 0,12 0,12
Variable Fertilizer Yaramila Y2
1&2,Y33 Kg/ha 560 440 450 450
Yaramila NK2 3 Kg/ha 390 390
Fertilizer cost €/kg 207 163 315 315
Herbicides €/kg 14 14
Machinery €/ha 164,5 182,5 134,3 91,6
Seeds €/ha 50,0 84,0 171
Drying €/Kg 35,0 56,0
0,014 €/kg
Preservents & wrapping 31 31,0
Working capital 0,5 210,7 214,8 310,2 203,3
Interest 0,03 6,3 6,4 9,3 6,1
Fixed Machinery €/ha 70,6 91,4 79,7 64,7
Dryer 48,0 48,0
Facilities Kg/ha 129,0 141,0 181 181
Land interest €/ha 250 250 250 250
Improvements €/ha 166 166 166 166
Total costs €/ha 1126,4 1188,4 1337,4 1105,3
Production cost 0,45 0,30 0,27 0,22
1st 2nd 3rd 4th
Costs Nettle production Nettle Nettle Nettle Nettle
Yield Kg/ha 4000 4000 4000
Fertilizer Yaramila Y2 Kg/ha 450 450 450 450
Cost €/Kg 210,6 210,6 210,6 210,6
Machinery €/ha 205,344 116,1 116,1 116,1
vVariable See.ds €/ha 229,5
Drying
0,025 €/kg 100 100 100
Working capital 0,5 322,7 163,3 163,3 163,3
Interest 0,03 9,7 4,9 4,9 4,9
Fixed Machinery €/ha 121,9 68,9 68,9 68,9
Dryer Kg/ha 48,0 48,0 48,0 48,0
Facilities Kg/ha 181,0 181,0 181,0 181,0
Land interest €/ha 250 250 250 250
Improvements €/ha 166 166 166 166
Total costs €/ha 1422,0 1145,5 1145,5 1145,5
Production cost 1422,0 0,29 0,29 0,29




34

Accordingly to estimates, nettl ebs pfirsoydana@t i on
production is assumed not to produce any output accordingjtgrature references (Hakkarainen et
al. 2002).

National subsidies fazropprodiction are illustrated in table4below. Total revenue depends on
production areafiom AB to C4).

Table 54. Agricultural subsidies and payments (ProAg2819)

Gross margin
Revenue/ha

Direct payment (EU)1 122 1 123,7
Greening (EU)2 74,9 1 74,9
Natural Constraints (EU)3 212 1 212
Environmental payment (EU)a 112 1 112
National support (Fl)s 0-55 1 0/55
Organic production (EU) 6 0/160 1 0/160
Total revenue 522,6
(areass) (AB)

(C1) 515,99

(C2) 10 525,99

(C2p) 20 535,99

545,99

(C3) 30

(C4 55 570,99
1) Direct payments in AB-areas 123,70 and C-
areas 110,6€/ha, additional changes may occur 110,6 €/ha, Additional changes may occur
2) Greening is predicted; AB-areas 74,9 and C-
areas 65,39€/ha, additional changes may occur 65,39 €/ha, additional changes may occur
3) National constraints; AB-areas 212 and C-areas 237€/ha
(+additional 60€ increase for livestock farms) 237 €/ha (+ additional 60€ increase for livestock farms)
4) Environmental payment; AB-areas 112 and C-
areas 103€/ha (estimate) 103 €/ha (estimate)
5) National support additional payment/ha based on area
6) Organic production payment 160€/ha not included this
setting
7) YaraMila NK2, reference based on literature
recommendations, soil characteristics may affect choice of
product
8) Manure slurry price is set to O€ due the cost of spreading
the manure is close equivalent to the nutrient content.

Net t | e 6 sunif pradisction cost & lexactly the sum of variable and fixed costs asitt is
reasonable to assume commercially viable outpthe first year. Similarly, thenit production costs
were calculated for conventional crops.

Environmental performance

Environmental performance of the production was assessed based on CO2e emission outflow of the
work done on field and the emissions generated from fertiliZing.fertilizer emission amounts from
indirect manufacture C# emission andirect NO emission from application of nitrogen on field.

The mac hixaadNOGmissiGrDutflow is expressed by grams per litre of fuel. In the table
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emissionsand assumed biomass carbon sequestration

Table 55. Emission estimateand annual carbon balance per hectare
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1st

Crop rotation plan Oilseed crop Grass Grass
Carbon sink Kg/ha 1250 2000 2500 2500
Fertilizer YaramilaY2 1 & 2,Y3 3 Kg/ha 560 440 450 450
Yaramila NK2 3 Kg/ha 390 390

Inputs Indirect Fertilizer CO2e/ha Kg/ha 2016 1584 3024 3024
Machinery CO2e Kg/ha 189,8 191,6 63,3 42,8
Machinery N20 converted to CO2e  Kg/ha 1492,8 1507,0 504,9 336,6
Fertilizer N content Kg 149,0 117,0 189,3 189,3
Direct N fertilizer emission Kg/ha 1,5 1,2 1,9 1,9
Direct N generated CO2e Kg/ha 700,1 550,1 889,7 889,7
Total CO2e Kg/ha 4398,7 3832,7 44820 42931
Annual carbon balance -3148,7 -1832,7 -1982,0  -1793,1

Total CO2e 17 006,5
1st

Nettle production Nettle Nettle Nettle
Carbon sink Kg/ha 4000 4000 4000
Fertilizer Yaramila Y2 Kg/ha 450 450 450 450

Inputs Indirect Fertilizer CO2e Kg/ha 1620 1620 1620 1620
Machinery CO2e Kg/ha 238,0 164,5 164,5 164,5
Machinery N20 converted to CO2e  Kg/ha 1533,8 295,4 295,4 295,4
N content Kg/ha 119,7 119,7 119,7 119,7
DirectN Fertilizer emission Kg 1,2 1,2 1,2 1,2
Direct N generated CO2e Kg/ha 562,6 562,6 562,6 562,6
Total CO2e Kg/ha 3954,3 2642,5 2642,5 2642,5
Annual carbon balance -3954,3 1357,5 1357,5 1357,5

Total CO2e 11881,9
Emission change
CO2e Kg/ha
-5124,6

Environmental performance

Carbon sink of the crops is calculated based on rough assumption of 50% carbon content of the

completeabove groundiomass yield (Ahokasl983; Regina2 0 1 8 ) . Nettlebs <car
rate covero6s the direct e miaaddibonasanuald,Geneatborby p 1
sink. Respectively conventi onal rotationds carbon seque

generated from the production when measured with above ground biomass.

Significant s h a r..e emisdions pare @eheratdad ifromm theSNen@sSions. IPCC
suggests 1kg of XD emissions stands equivalent of 470kg ot €@issiongJensen et al2011;IPCC,
2006). Generation rate ob{ emissions depends on soil moisture, microbial activity and temperature
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therefore in this study the highesftailablevalug 1kg of N20O emissions per 100 kilograms of nitrogen
was choen due the theoretical setting.

Table 56.Crops costs and emissions

1st 2nd 3rd 4th
Crop rotation plan Oilseed cropWheat2 Grass Grass
Yield Kg/ha 2500 4000 5000 5000
Carbon sink Kg/ha 1250 2000 2500 2500
Inputs Subsidies €/ha 522,6 522,6 522,6 522,6
Current price €/kg 0,34 0,16 0,12 0,12
Break even 0,24 0,17 0,17 0,12
Fertilizer emissions CO2ekg/ha 2716,1 2134,1 3913,7 3913,7
Machinery CO2e Kg/ha 1682,6  1698,6 568,3 379,4
Total emission CO2e Kg/ha 4398,7 38327 4482,0 4293,1
Variable costs €/ha 462,8 492.0 674,6 457,7
Fixed costs €/ha 663,6 696,4 676,7 661,7
Total cost €/kg 1126,4 1188,4 1351,4 1119,3
Production cost Kg/ha 0,45 0,30 0,27 0,22
Gross margin €/kg 246,20  -25,79 -228,77 3,26
Carbon emission/sink  Kg/ha -3148,7 -1832,7 -1982,0 -1793,1
Carbon revenue/cost  €/kg -80,3 -46,7 -50,5 -45,7
1st 2nd 3rd 4th
Nettle production Nettle Nettle  Nettle Nettle
Yield Kg/ha 4000 4000 4000
Carbon sink Kg/ha 4000 4000 4000
Subsidies €/ha 522,6 522,6 522,6
Inputs Break even €/kg 0,16 0,16 0,16
Fertilizer emissions CO2ekg/ha 2182,59 2182,59 2182,59 2182,59
Machinery CO2e Kg/ha 1771,8 459,9 459,9 4599
Total emission CO2e Kg/ha 3954,3  2642,5 26425 2642,5
Variable costs €/ha 655,1 431,6 431,6 431,6
Fixed costs €/ha 766,9 713,9 713,9 713,9
Total cost €/kg 1422,0 1145,5 1145,5 1145,5
Production cost €/kg 1422,0 0,29 0,29 0,29
Gross margin €/kg -1422,0 0,0 0,0 0,0
Carbon emission/sink  Kg/ha -3954,3  1357,5 1357,5 1357,5
Carbon revenue/cost  €/kg -100,8 34,6 34,6 34,6
Carbon production cost €/kg 0,28 0,28 0,28

The producti on6s iseassessad drommreehypothetical gattiogf whéree farmland is
included in European emission trading system. Theeat price (2580 per CO2e ton) f
market emission allowances is derived onlinenfileEX (Online content revised 252619).

During the first year without output netgeoduction creates estimatédons of CO2e emissions by
agronomic practicedJsing the EEX price this creates ardadt i on a | 100uUnthetrtt pe
year, af t es carbdm isickicreates anhkdeedro revenue per hectardecreasing the
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production cost of nettle slightlyor conventional rotation, carbon pricing creates additional cost for
every crop, ranging betweeniZb euros per hectare.

Pricing the output

One aim of this study was tinfl a breakeven price for production of nettle, at which farmer could
cover the costs of production. The production cost of each estimated @saghown in the previous
table 5.6 The brealeven cost includes the national subsidy payments

N e t tbreakéven cost pekilogram with subsidies is 0,1€uros per kilogram, when measured by

dry biomass, 4000kg. This price would be approximately half, if calculated with fresh produce which
would make sense when the aim is to utilize the leaf yield frdsf.bfeakeven cost was similarly
calculated to conventional rotatidde t t | e6s production cost is sli
higher than gras©i | s eed c r o pi9sygnificantlyligher than preakwerepoint and it is

the only cledy profitable crop in the settinddettle production could turn profitable with relatively

|l ow priceds especially if the whole crop is u:
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6. Discussion

Significant share of production costs in all reference cropgedoom fixed costs such &nd annual
fixed costf land, machinergnd facilities Ploughing accoustsignificant share of fuel consumption
and emissions in relation to other tagkarm levelselection of crops and adequate machinery should
be in line to distribute the costs to ripille profit units (i.e. lines of production, crops).

Interestingly, based on the Finnilatural ResourcedsistituteFinlandthe averagec er eal cr op
COze emissionsaused by energy uper hectararesignificantly lowerin comparison to this styd6 s
resuls. The approximate 20% energy share of the totajeCédnissions per hectare amount around
600kg of CQe in organic farming and around 5006@CCze in conventionalLu k e s est i ma
not specify whether the energy use includes fertilizers indirect or direct emissions.

Table6.1. Average greenhouse gas emissifiiatural Resources Instituténland, 2019.

Cereal Farms Cereal Farms
Greenhouse gas emissions Organic Conventional
Ton CO2 ekc per arable land 2016 2016
Farms represented 240 13 300
Farmsin sample 5>n>10 150>n>160
Arable land 183 61
Livestock units 1 0
Economicsize, SO euro 102.858 32.002
GHG emissions from agriculture 0,95 0,83
Methane emissions from enteric fermentation 0,00 0,00
Methane emissions from manure management 0,00 0,00
Nitrous oxide emissions from manure management 0,00 0,00
Nitrous oxide emissions from soils 0,79 0,73
Carbon dioxide from liming 0,16 0,09
GHG emissions from land use 1,74 1,52
Carbon dioxide emissions from organic soils 1,74 1,52
Carbon dioxide emissions from energy use 0,21 0,20
Total Emissions per Hectare 2,89 2,55

Lukeds ener gy c¢ons umprmachinaery ensdion estintatesthis studye Thass et
fertilizers additional share ipresumably not included in the LUKE estimakestimation ofthe
emission outflonbased on machinery u$er specific crops could ba useful tool when assessing
agriculturgs and eachp r o d uvenveobraental performancd-urther, whenthe average carbon
sequestration rate of the above ground biomass is krtbe/estimation methods could be applied

create farm specificarbon balances
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The fibre content of nettle correlaesignificantly with the stem length (Lehne et @002). This
correlation could be tested against nettheebds
valuation ofoutput. The correlation coefficients between aboveground biomass gnosvitaebon
sequestration (i.e. efficiency in photosynthesis) could offer similarly usable variables for further
carbon sequestration modelling.

Conceptuallythe carbon revenue has incred$armers profitability in comparison to monocultures
in subSaharan agrforestry context (Waldén et a22019) Modelling crop specific emission outflows
could clarify actual emission points of agricultural production and help to assess both sodetal
environmental impacbf the production of raw materialss well asto evaluate environmental
performance of specific products.

Theassessmemtfn et t | eds (or any alternati vebasedaonghe) er
opportunity costwhich evalatesthe amount of saved resources (i.e. inputs, emissions) when
production of one is chosemsteadanother.

Choosing nettle ovethe @nventional cop rotationsavesaround 1,3tons of CO2e emissionper
hectare howevecostsaround 400 eurasiore than convaional cropplanin the current 4year setting
(see table 5.2 belgw

Table 62 Cost difference between crops

Oilseed Wheat Grass Nettle

Subsidies 522,6 522,6 522,6 522,6
Yield 2500 4000 5000 4000
ekil3 0,34 0,16 0,12

Revenue 850 640 600 0
Variable costs 462,8 492,0 566,2 650,0
gross margin 1 909,8 670,6 556,4 -127,4
Fixed costs 663,6 696,4 669,2 727,2
Profit 246,2 -25,8 -112,8 -854,5
Nettle's cost difference 493,1 431,1 398,1

Nettl eds high variabl e and {commerdallypadsctive year.rire e x
the table & the costs of nettle (andyZar grass production) are annualized so that the first years cost
are includedThe annual production costs are likely to reduce over timettg can be assumed to
produce sufficient yields for as long as ten years withalgdline, distributing thesly e ar 6 s s et
costs furthefHakkarainen2004)

In the case of nettle, low environmental impaat t hi s st udyds c epaorgodior i S on
show the commercial potential thfe perennial fibre crop that could beed to replace imported fés

in textiles and compositg®kgul, 2013) The bw environmental impact is commercially valuable
characteristiandthe link between costs and low environmental impact could encourage farmers to
adopt nettle and other envinmentally viable crops due lower costs and perhaps higher profitability.
Waldén et al. (2019) see carbon modelling within thecatjural production as a way to hypothetically
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improve agronomic management practidaesth by pronoting sustainable producticandimproved
profitability.

Specific CQe measures of raw material production are commercially viable information to
manufacturing companies that are increasingly required to provide data on the environmental
performance of their products and servidesission savings data derived from the cultivation phase
could offer economically valuabl e commoandty e
processes

7. Conclusion

Nettle has great environmental and commercial prospects in diversification of current portfolio of
agricultural crops. Nettl eds | ow input use a
machinery could adopt he crop with relatively low costsanugss the market without significant risk.

The commercial potential of nettle relies on the amount of available output, as subsidies are likely to
cover the production costs after the first year, farmers could start producing nettle while market is still
evolving.

TTS-Manager program performed well for estimating work requirements and specific valteskper
enablingfurther modelling. The wdelling estimates do not reflect reality, and actual work requirement

of the productioniis likelytovaryfowever , t he programbés results (g
process and enabled to quantify the speeifiission points of the production.

As nettle does not have comparable market price to athrentionalagricultural commodities,

assessingrofitability of productonb ased on environment al perform
carbon price could improve nett | ahe ®tal gaste dfi t ab
production.

Calculating environmental performangeneratedquantitativedata regarding different phases of
agricultural production. The significant share of fuel consumption and emission outflow of ploughing
and harrowing shoghow management practices maypact toemissions and costs generated from
production. Orthe farm level the differences may seem insignificant or small, but on societal level
less intensiveultivation practices could sum up significant savings on emissions.

This study excluded many factors that may affeettar més envi r o n me awewel per
recognizing some emission points can help farmers to brand and characterize the value of their output
more specifically and contribute to emission mitigation in a commbyrei@ble way.

Different methods for pricing of outputs in the basis of environmental performance could be interesting
aspects for further investigation. Also vast amount of statisticatti@rel production data could offer
an interesting opportunity for further emissimodelling.
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60- 80 kg N/ha

nitrogen

and 40-50kg P205/ha

2000

Appendices
Table 1. Nettlebs fertilization (f.or organic
Amount Type Impact Source Additional Price estimate
3-22mM Nitrate - N No impact on biomass Fetene et al. 1993
. Stem length 2x, leaf area Rosnitschek-
3-22mM Nitrate - N .
2x Schimmel 1982
. No impact on stem Rosnitschek-
3-22mM Ammonium - N .
length, leaf area 2x Schimmel 1982
3-15mM Nitrate - N No impact on biomass
Biomass higher than
with 1 or22 mM
200Kg N/ha 400 g DMY/m?2 Weiss 1992
440Kg N/ha 650 g/m2 DMY (1990)
600 g/m2 DMY (1991)
40Kg N/ha or
200k d Galambosi 1991,
. g processe 25-35% increase in DMY alambost
chicken manure 1994
(=96Kg N/ha)
16:16:16, N-P-K
’ Jankauskiene &  Applicationin
(Chemical 200 Kg/ha . ,I ppiication
. Gruzdeviene 2016 early May
nitrogen)
1st. Trial - All
appliedin
40Kg N*ha*a Crimson clover may,
(Crimson clover), & stone meal . Lehne, Schmidtke |compared to
300k re yield/ha
100Kg K*ha*a nitrogen g pure yield/ & Rauber 2002 control (no
(stonemeal) fixation fertilization),
measured at
ripeness
2nd Trial -
Yearly
Organic . average fibre
100Kg N/ha*ha*a 350 kg pure fibre/ha .
compost yields from
150kg to 460
kg/ha
Stem dry
- . matter of
70+30kg Liquid and 500 kg pure fibre .
N*ha*a solid manure  vyield/ha fibre content
(%) ranged
from 25- 40
. highest stem biomass Galambosi,
Chemical .
120- 150 kg N/ha nitrogen (440g/m) by NPK (125-50- Hakkarainen &
s 312) Vilpunen 2002
Chemical With 150 - 180kg K20/ha Dreyer & Mussing

p



Table 2 Tensile poperties of nettle fibre (Bodso& Baley 2008, 2145)
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Tensile properties of single fibres  (Bodros & Baley 2008, 2145)

Young's modulus (GPa) Ultimate stress (MPa) Strain to failure (%) Density (g/cm3) Average diameter (um)
Stinging nettle 87(28) 1594 (£ 640) 2,11(£081) 199(¢4,4)
Flax ariane 58(+15) 1339 (£ 486) 3,27(£0,4) 1,53 17,8(15,8)
Flax agatha 71(£25) 1381 (+419) 2,1(£0,8) 1,53 15(0,6)
Hemp 191(£4,3) 270 (£ 40) 08(£0,) 148 312(49)
Ramie 65(18) 900 151
Ramie 245 560 25 1,51 34
Verre 72 2200 3 2,54
Table3. Nettle fibre characteristics (Baltina et al. 2012; Bacci et al. 2009)
Nettle fibre characteristics
Weight 0.72 g/cm3 Cotton, Hemp, Flax (1.5 - 1.54g/cm3)
Chemical Cellulose 79 - Hemicellulose
.. Lingin 3.5 - 4.49
compostion  83.5% 7.2-12.5% ngin %
Average fibre . i
9 43 - 58mm Finer fibres on the top

length
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Table4. Nutritional comparison of nettle and spinach by some vitamins and minerals (Galambosi
2004; Lahtinen 1988)Translated from originaby writer.

100g of edible parts Nokkonen/ Nettle  Finaatti/ Spinach
Vesi Water 829 93g
Tuhka Ash 2.69 2.0g
Typpi Nitrogen 1.0g 0.32g
Kalium Potassium 670mg 470mg
Kalsium CGalcium 590mg 88mg
Magnesium Magnesium  86mg 59mg
Fosfori Phosphorus ~ 92mg 30mg
Rikki Sulphur 120mg 32mg
Rauta Iron 4.4mg 1.3mg
Mangaani Manganese  3.1mg 1.7mg
Sinkki Zinc 1.7mg 0.91mg
Kupari Qopper 270 kg 110kg
Molybdeeni Molybdenum  <10xg <10xg
Koboltti obalt 3 kg 1xg
Nikkeli Nickel 50%g 20%g
Kromi Chromium 18xg 2xg
Huori Huoride 140kg 49kg
Seleeni Selenium <0.2xg <0.2xg
Arseeni Arsenic 2xg 2%g
Hohopea Mercury 0.5xg 0.4 kg
Kadmium CGadmium 1xg 15xg
Lyijy Lead 110 kg 11xg
Gvitamiini Vitamin C 130mg 60mg
B2-vitamiini Vitamin B2 20mg 60mg
K-vitamiini Vitamin K 0.04mg 0.24mg




Table5. Nutritional value of nettle (Jamt al, 2017 USDA 2013)

Constituents Unit Amount (per 100g)
Water g 87,67
Energy kcal 42
Protein g 2,71
Total lipid (fat) g 0,11
Carbohydrate, by differece g 7,49
Fiber, total dietary g 6,9
Sugars, total g 0,25
Minerals
Calcium, Ca mg 481
Iron, Fe mg 1,64
Magnesium, Mg mg 57
Phosphorus, P mg 71
Potassium, K mg 334
Sodium, Na mg 4
Zinc, Zn mg 0,34
Vitamis
Thiamin mg 0,008
Riboflavin mg 0,160
Niacin mg 0,388
Vitain B-6 mg 0,103
Folate, DFE ug 14
Vitamin A, RAE ug 101
Vitamin A, U V] 2011
Vitamin K (phylloguinone) ue 498,6

Khan et al. 2016; USDA National Nutrient Database for Standard Reference, release 26 full report 2013)
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Table6. Nutritional value of nettle for human consumption per 100g of edible coGafdrabosi,

2004;KELA1993) Translated from originély writer).

Ravintoaine Nutrient Gontent Ravintoaine Nutrient Gontent
Energia Energy 14901 kJ  Tiamiini (B1) Thiamin 0.20mg
36 kcal Riboflaviini(B2) Riboflavin 0.15mg
\esi Water 83g Niasiiniekv. 1.7mg
Proteiini Protein 5,90 Niasiini Niacin 0.80mg
Rasva Fat 0,79 Pyridoksiini (B6) Pyridoxin 0.22"3mg
Rasvahapot Fatty acids: B12-vitamiini Vitamin B12 0xg
Tyydyttyneet Saturated: 0,099 Foolihappo Folic acid 220"3xg
Palmitiinihappo Palmitic acid 0,079 Pantoteenihappo Pantothenicacid 0.30"3mg
Seariinihappo Searic acid +g Biotiini Biotin 1.6"3kg
Gvitamiini Vitamin C 175mg
KertatyydyttymNtl mN  Single unsaturated 0,049 Tuhka Ash 2.69
Natrium Sodium 1.0mg
MonityydyttymNtl mN  Polyunsaturated 0,439 Kalium Potassium 67 kg
Linolihappo Linoleic acid 0,07g Kalsium Galcium 590mg
Linoleenihappo Linolenic acid 0,319 Magnesium Magnesium 86mg
Kolesteroli Cholesterol -mg Fosfori Phosphorus 92mg
Hiilihydraatti Carbohydrate 1.3g Rikki ulphur 120mg
TNkkelys Sarch Og R Slicon 120mg
Glukoosi Glucose 0,69 Mangaani Manganese 3.1mg
Fruktoosi Fructose 0,50 Snkki Zinc 1.7mg
Laktoosi Lactose Og Kupari Gopper 270kg
Maltoosi Maltose Og Molybdeeni Molybdenum <10xg
Sakkaroosi Saccharose 0,29 Koboltti Qobalt 3kg
Nikkeli Nickel 50 kg
Ravintokuitu Fbre 4,19 Kromi Chromium 18 kg
Polysakkaridit: Polysaccharide Huori Huoride 140kg
Vesiliukoinen Water-soluble 1,49 Jodi lodine <1xg
Veteen liukenematon Water- insoluble 0,89 Seleeni Selenium (<0.2)xg
Selluloosa Cellulose 1,79 Arseeni Arsenic 2xg
Lingiini Lignin 0,29 Srontium Srontium 1.4mg
Rubidium Rubidium 0.32mg
A-Vitamiini (RE) Vitamin A 35875kg  Alumiini Aluminium 6.2mg
Retinoli Retinol 0"5xg Boori Boron 0.65mg
U-karoteeni U-carotene 215075 kg Bromi Bromine 2.0mg
D-vitamiini Vitamin D 0 xg Hohopea Mercury 0.5xg
E-vitamiini ("-TE) Vitamin E 1,68mg Kadmium Cadmium 1xg
U - tokoferoli h - tokoferol 1,64mg Lyijy Lead 110kg
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Table 7.Standard grossnargin template for 2nd class barley by TuottoPuntari (ProAgria 2019)

Gross margin- 2nd class
barley (2018)
Unit Unit Price Quantity € Kk K I
Revenue/ha
Barley output kg 0,14 4000 560
Direct payment (EU) 1 ha 122 1 122
Greening (EU) 2 ha 74 1 74
Natural Constraints (EU)3 ha 212 1 212
Envi
nvironmental payment ha 72
(EU)a 1 72
National support (Fl)s ha 0-55 1 0/55
Organic production (EU)e ha 0/160
1 0/160
Total revenue (areas)* (AB) 966
(C1) 1010,6
(C2) 10 1020,6
(C2p) 20 1030,6
(C3) 30 1040,6
(C4) 55 1065,6
Variable costs/ha
Seeds (own) kg 0,28 164 45,92 Fixed costs
Seeds (purchased) kg 0,44 41 18,04 Tractor h 3 5 64
Fertilizer (1)7 kg 0,37 (o] 0 H " h 137 1 137
Fertilizer (2) kg 0,38 380 144,4 arvester
Manure (slurry)s tn 0 0] 0 Dryer ha 48 1 48
Liming tn 42 0,25 10,5 Other equipment ha 1 104 104
Pesticide (1) 7 ha 26 1 26 .
Total f machin
Pesticide (2) ha 26 1 26 otal cost of machinery 353
Tractor h 8,7 5 43,5 Drying facility ha 1 111 1
Harvester h 10,6 1 10,6 .
Drying ke 0,014 2000 o6 Machine shed ha 41 1 M
Logistics kg 0,015 3836 57,54 Total cost of facilities 52
Organic Certification ha 8,9 0/8,6 0/8,9 Gross margin C -37,5
’ ’ Cost of land- interest ha 0,05 5000 250
Working capital (amount) € 0,5 Improvements ha 166 1 166
Total fixed cost 821
Working capital (interest) € 0,05 Profit 4534
Total variable costs 438,45 Total exl3
Gross margin A (AB) 527 9 Production cost 1259,5 0,31487"
(Without payments) 121,5
Labor h 16 10 160
Gross margin B (AB) 367.5
(Without payments) -38,5

1) Direct payments in AB-areas 123,70 and C-areas 110,6 €/ha, Additional changes may occur

2) Greening is predicted; AB-areas 74,9 and C-areas 65,39 €/ha, additional changes may occur

237 €/ha (+ additional 60€ increase for livestock farms)
103 €/ha (estimate)

3) National constraints; AB-areas 212 and C-areas
4) Environmental payment; AB-areas 112 and C-areas

5) National support additional payment/ha based on area

6) Greening support not applicable for organic hectares. This study assumes the farm is conventional
7) (1) YaraMila Y2 (2) YaraMila Y3, references for clay soil (50mg K/I, 10mg P/I) incl. Freight rate

8) Manure slurry price is set to 0€ due the cost of spreading the manure is close equivalent to the nutrient content.
9) European emission allowances, 19.2.2019
* Greening not included
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Table 8. Specification of fuel propexsi in working machines (VTT, LIPASTO Unit emissions database), 2019

Fuel properties of working machines in 2016

Density Calorific value Sulfur content Share of biofuels Share of biofuels Carbon dioxide (CO2)
[kg/dm3] [MJrkg fuel] [% by Weight]  [% by calorific value] [% by litres] [g/kg fuel]

Fossil gasoling D.745 430 0.00030 3134

Gasoline mix in 2016 0.747 421 0.00075 43 a5 2831

Fossil fuel oil 0.34 430 0.00048 3161

Fuel oil mix in 2018 0.34 430 0.00048 0 0 3161

Gasoline mix in 2016 = gasoline with a biokomponent (ethanol etc.) share 4.8% by calorific value.
Fuel gil mix in 2016 = Fuel oil had no biccomponent in 2016

VTT Technical Research Centre of Finland Lid
LIPASTO unit emissions database
Last updated 6.7.2017

Picture 9. Mathematical model for emission ratestelled from original by writer (VTT, LIPASTO Unit
emissions databas2019.

TYKO
Mathematical Method for Emission Rates

Variables

Motor type
Two stroke engine

Four-stroke engine L
Emission rate

Diesel + "6 subcategories Operating
LPG Rated Performance time (9/kWh)
Engine capacity (kW) X output X (% of the X (h/a) X Motor type .
Power peaking factor (kW) Rated output) <Average Class of capacity
Model year factor >Average Mzgdeel

Intended purpose
Sales evolution 1980-2040
Operational lifetime
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Table 10VTT Average emission rates and energy use of workandnines per fualse in Finland
2016 (VTT's LIPASTOnit emissions database, 2019

Average emissions and energy use of working machines per fuel in Finland in 2016

Emissions [g/fuel litre]
Average power  Average load

Drivable machines, diesel Cco HC NOx PM CH4 N20 S02 C02 CO2e
[kW] factor
Cranes 99 0,26 14 34 20 1,2 0,16 0,048 0,0081 2655 2673
Other lifts, diesel 33 0,30 16 43 21 16 0,15 0,042 0,0081 2656 2672
Forklifts, diesel 88 0,30 13 29 16 0,75 0,16 0,043 0,0081 2655 2672
Bulldozers 112 0,40 14 34 21 12 0,16 0,050 0,0081 2655 2674
Graders 149 0,37 11 29 19 1,0 0,16 0,051 0,0081 2655 2675
Rollers 45 0,30 15 31 17 11 0,15 0,042 0,0081 2656 2672
Wheel loaders 94 0,33 13 3,0 17 0,94 0,16 0,046 0,0081 2655 2673
Backhoe loaders 74 0,33 17 3,6 20 11 0,16 0,044 0,0081 2655 2672
Miniexcavators 22 0,40 19 78 29 3,0 0,15 0,040 0,0081 2656 2672
Excavators, skid steer 104 0,31 13 2,3 13 0,62 0,16 0,043 0,0081 2656 2672
Excavators, rubber tire 88 0,32 14 2,5 14 0,68 0,16 0,042 0,0081 2656 2672
Farm tractors 77 0,31 15 3,1 18 11 0,16 0,046 0,0081 2706 2723
Tractors in industry 67 0,29 21 47 26 18 0,17 0,042 0,0081 2658 2675
Maintenance tractors 62 0,28 14 2,3 13 0,72 0,16 0,042 0,0081 2729 2746
Other tractors 58 0,27 16 6,2 33 24 0,14 0,067 0,0081 2655 2679
Combines 89 0,57 14 2,8 16 0,82 0,16 0,044 0,0081 2655 2673
Harvesters 149 0,40 5,7 0,72 39 0,082 0,15 0,042 0,0081 2657 2674
Forwarders (forest tractors) 105 0,30 7.9 0,94 6,0 0,20 0,15 0,042 0,0081 2657 2673
Dumpers 153 0,30 12 2,7 16 0,70 0,16 0,045 0,0081 2655 2672
Sid steer loaders 50 0,25 14 29 16 1,0 0,16 0,043 0,0081 2656 2672
Telehandlers 78 0,28 15 29 16 0,84 0,16 0,043 0,0081 2655 2672
Lawn tractor, diesel 12 0,30 20 8,7 32 35 0,15 0,040 0,0081 2657 2672

Other drivable machines, diesel 89 0,36 12 23 13 0,56 0,16 0,042 0,0081 2656 2672



Table 11 Nettlegross margin sheet, based on ProAgria (2019)

Production cost- nettle (2018)
Unit Unit Price Quantity € kK K I
Revenue/ha
Grass output kg/dm 4000 o
Direct payment (EU)1 ha 122 1 123,7
Greening (EU)2 ha 74,9 1 74,9
Natural Constraints (EU)3 ha 212 1 212
Environmental payment (EU)a ha 112 1 112
National support (Fl)s ha 0-55 1 0o/55
Organic production (EU) 6 ha 0/160 1 0/160
Total revenue (areas) (AB) 522,6
(C1) 515,99
c2 10 525,99
(C2p) 20 535,99
(c3) 30 545,99
(ca 55 570,99
Variable costs/ha
Seeds (own) kg (o]
Seeds (purchased)s kg 229,5
Fertilizer (1) s kg 0,52 450 210,6
Manure slurry 7 tn (o] (o] (o]
Tractor fuel h 8,7 4,29 37,323
Drying
€/kg 0,025 100
Organic Certification ha 8,9 0/8,6 0/8,9
Working capital (amount 50%) € 0,5
Working capital (interest) € 0,05 (o]
Total variable costs 577,424
Gross margin A (AB) -54,823
(Without payments) -577,423
Labor h 16 7,2 115,4
Gross margin B (AB) -170,04
(Without payments) -692,623
Fixed costs
Tractor h 16,93 7,2 121,896
Harvester ha o
Total cost of machinery 121,89€
Facilities 1 140 140
Dryer ha 48 1 48
Total cost of facilities 188
Gross margin C -479,919
Cost of land- interest ha 0,05 5000 250
Improvements ha 166 1 166
Total fixed cost ha 725,896
Profit -895,9-
Total costs e k1 3
Production cost 1303,319 0,32584
With 2 harvests 0,086574
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1) Direct payments in AB-areas 123,70 and C-areas
2) Greening is predicted; AB-areas 74,9 and C-areas
3) National constraints; AB-areas 212 and C-areas

4) Environmental payment; AB-areas 112 and C-area

110,6 €/ha, Additional changes may occur

65,39 €/ha, additional changes may occur
237 €/ha (+ additional 60€ increase for livestock farms)
103 €/ha (estimate)

5) National support additional payment/ha based on area
6) Organic production payment 160€/ha not included this setting
7) YaraMila NK2, reference based on literature recommendations, soil characteristics may affect choice of product

8) Manure slurry price is set to 0€ due the cost of spreading the manure is close equivalent to the nutrient content.




Table 12.CO2e emissions for fertilize(Bliemeld 2016, 1920; Yara, 2019).

Yara MilaY 2 700 kg 533,75 CO2e kg 0,7625 CO2elkg
N P S K #+ Mg, Mn,Zn &B
Nitrate Ammonium
% 0,096 0,127 0,03 0,06 0,06
Kg 67,2 88,9 21 42 42
CO2e 215,04 284,48 14,91 19,32
Yara Mila NK CO2e
2 700 kg 2983 626 kg 0,7569 /kg
N P S K #+ Mg, Mn,Zn & B
Nitrate Ammonium
% 0,1 0,12 0 0,03 0,115
Kg 70 84 0 21 80,5
CO2e 224 268,8 0 37,03
CO2e/ N kg* 3,2
CO2e/ P kg 0,71
CO2e/ K kg 0,46

*Yara CO2e values for N are lower from EU average 7,8kg/ CO2e to a kg/ N
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