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1l ntroduction

The primary objective of this Report within the REECOL
Analysis (CBA) for the thr eemiinnmayv atainvde rteeccl hanmoaltoi goine sd ef
WP4 of REECOL. This Repamti vser sgnntaeshbssab preceding
efforts, aiming to initially evaluate the economic and

This analysis is
transition of <co
proceslies. RApol d
frameworks estab

firmly embedded within the broader RE
al regions by implementing solutions ¢t
s directly upon the tPRrohrictal useée gl tthe
|l i shed therein:

Task 4.1: Development of directed sundméngi drermati med awi
redevel opmehGHP@ ) ent i al
Task 4.2: Devel opmentcoonftraachta bcdmd bobagmtinf @lr mfonsoi | par a
bi-wast €EOMAG)
Task 4. 3: Devel opment of a technology for soi l rege
(BLTEGPR
These analyses also incorporate conditions defined 1in
climate change adaptation scenari os, ensuring that bus
the selected studyhissi tlReesp.aigtens tthhe twhaeygr et i c al foundat.
their practical i mpl ement ation potenti al
The analyses <carried out under this task are intendec
i mpl ement ation of the technologies wunder devel opment
technical and e cFounrotnhiecr nfoeraes,i btihlei tayct i vi ti es conducted
abasis for cooperation with industrial stakeholders i n:

scal-umgof the propoTlha owtlauameosnsof this work nmaytser ve
preparation of joint demonstration and depl oyment pr oj
European funding programmes, such as the RFCS Big Tick

The CBA aims not only to demonstrate financial profital
ecosystem benefits, such as soil organic carbon (SOC) =
of pollutant thr aanlsifgenr ,wiatlhl tohfe wohbijcecti ves of the Europe

1. Briefkhwnohdgeelsoped in REECOL

Within the framework of the REECOL project, three comp
the efficiency, affordabil-mityi, n@anldard ol egli amat ionp.aciThe
di fferent stages andniaohalgl émrges refcl tamatpont process:

Steered succggiwimgotphbawmet hod focuses on accelerat
succession processes to quickly establish | ow herbace
| oovost soi l additives deswade agl d chpe emibmme ewafsbtiye arsohc)k ta
i mprove habitat conditions and the sowing of specific
thencroacbmenithvasi ve species and prematur e woody v

redevel opment potenti al of the | and.

No#€ ont acrte haadiiilt et hhdbbigy innovative, integrated systel
precapspel i odtirem!| amati on materials without human i nter:
three subsyshasmsd wi sUAWN system for anal ysaiing moegdtoat
station, and an automated spfegdngr aatimentGumags, btyh e
selectively apply water, fertilizers, mulghneeds.bi owa:

Sorrlegenebgt icomposts of hi glraedbpoli agi @aalciactuilwairt yecono|
technol ogy transforms or gawdlcuevarsd o0 urrad ee rfi arl ss dinlt or eas t
product is a compost mi xXtureO%Wowasstei onhgi okedOfreahleat s
calorific lignite, inoculated with selected microbial
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dynamic composting-actéechei qoemppsthieesrbicbes degraded soi
nutrients, reducing reliance on synthetic fertilizers.

These technologies have been valtiedcahtneidc adt stcletdeeskta bnogri a
achieving Technology Readiness Level 6 (TRL 6)

1. Role of the developed techeologies in reclamati

The selection and application of the developed technol
of thmippobeag site and tdhsei huecdedonfi Wak hli acnldehaer RIEEQALn ¢
can be made between solutions optimized for:

hard coal waste heaps and succession;

l'ignite dumping grounds and potential agricultural re
The reclamation of hard coal waste heaps i se@elimaei bhipl E
4)amay be complemexwbadabkby sShbhélnoehaliedliit\ad i) fodrl -¢seiethéafoil © g
application of ra@bkamatsi omsmater ichlag.acteri zadslhgygrtdadgd ia
avail able phosphorus and nitrogen, poor water retention
undergo decomposition. The prirngargyr egeonaln gh eorfe airse acsf tweint ht
potential to prevent the spread of invasive species and
which can decrease the | and's econowmiocstvaetdodStadhdead bR
native | ow herbaceous communities that increase biodive
no-aontact technology complements this by enabling the ai
water on tlhege afnrtdermhal | enging surfaces, al | etwimmeg UAOMr |

monitoring.

On the other-abtainde ¢ bmp bstepd leiche phdosggprdi.Mari ly devel ope

regeneamadioehabilitation, making it ideal for lignite o
and areas intended for agF*rliecvuellt wrreale nuisneg. oUn lhiekae st,h & hsiusr
soil functionalitvwyi rloywment i owhitdg htuhmé cemsubstances deri v
selected microorgani sms. Field trials on degraded 1|ign
power ful soil activator, resul tsieng ni rplanstt gtriosmtihc glel.yg.s
approach aligns with circular economy goals and regener
synthetic fertilizers foterandesperatonstobhcsoeguieetli b

However, as during testing phase in REECOL WP4 and WP5
rehabil it actoinotnaclty srodr rehabilitation technology, as ol
compatibility of ttlee hdheol elgop evd tshp rcoymprogt application ul

I n summary, while t-hensactesecbnobnondi eeenfffoeccusi voen sefafbiicli
hard coal heaps to mai ntaaitn vteh eiormpfowstturi es wat islpietegad ldidzes db
bi ol ogicay pooliduged vedubstrates and agricultural | ands.

l1.21lhtegration of steeroemd astuechemebsidiiotnatwiotnh non

The steered succession method defines the biological

sttreachyw 6 nlgoowost soi | adddet eestjhnea scgomepl o s iatsi on of t he see
target vegetaGl ®B8h Bcommbmiot wgy al so involves monitoring
restoration activities, i ncp huydsdnhgeonti licea | a sasneds sbnmeonl to gad fc atl +
wel | as the characteristics ahdsednndnstiitoun soufr vtehyes vaengde t
(remot e sTehnesOMIAQG . t echnol ogy compl ement s t his approacl
i mpl ement ation platform baguwidded tUAe/a tnmoenntt omd msgy,, &PdES p
seérdul ch mi xtures. | nUAVMdanitti@mi,ng oexnadamluesusverification

and the i mplementation of suppl ementary treaobméets wh
precision, barsoend troercilnggmati on system.
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1.21l2htegration of compoent dete hadwil bgyatwi 6h non

Similarly, the compost technology provaprsevitdhe trleel|l amal
pl atfoaormomepeditfei c (gcgnaroinossteep sl opEpecoffR@EBHGPR I |

techndkewvglyops-bi bé eadacitgilavli t yp rcoodnpcoesst ,t hepcowmpoess tahd recom
applicati o@n ctome epd, KOMABGanechnol ogy enabl es twet eappl i

suspendiaomgets only areas i demnpgtiifmieade st ha @mpyde rt @ ooedhrt!sershmtg
repeated applications i f monitoring indicates further i
Pl ease noittehitnhaREBMLCOL, the compost was incorporated |
demonstrate that the automated spraying technology is ¢

under fieldonsediuteinod heggqg n ttahcete nsachiilt ec Aniobogy extends t h
potential of the compost t ecshmeodiofgiyc bagm de mdaehmacmdnp ps e c B p |

on hard coal waste heaps, where | ocali aéd spreatdineagt mma
Nevertheless, the primary application scermrcarlieo rfecrabtiHa
of lignite dumping grounds and agricultur atlerlmnldi olwhgir
regenecamnsiointute the principal reclamation objectives.
1. 3cenarios defined and analysed in this report
The cost analyses presented in this report are based on
than a single universal business modedmi nThigs sappsoacilec
objectives, ownamdht pcholucgiueesdevel oped within the R
technology and mar ket context, the scenarios are anal
companies implementing reclamation inercinalilyingxtkeenal
i ndependent assessments of reclamation costs regardl es
therefore be regarded as illustrative business model s i
depleorytm rat her than prescri gRiigrgr.d mipl ement ati on schemes
Scenari o defHRInB df obry sGleG r(eSAdC ENW®Rdréaspstigosne nt s an outsource
coordination model in which a tech+dlBogyehmmoviidear i oon
del i vecroinmpgr ehensive reclamation service to mining compa
steesruecdcessi on of hard coal waste rock heaps to achieve
to stabilize the soil and prevent the encroachment of
responsible for siteataisesresphmannhj ng,ehabbktur ement of ma
monitoring, and | icensing of the protected technology,
subcontractors using standard -laigghtcubtudehbksse gmmpmesnt .c
investment, enables high scalability, and reflects a re
technaMagopy.ity of costs related to analyses in this sce
real coswhli madger forming the field tests of the method
The scenarios defined by POLTEGOR focus on the applica
bi ol ogical r ehmibrildng alta md, opgarptoisdcul arly | ignite mining
Unli ke -PhB &St6&narywoistdaief fammaénti ates i mplementation pa
the investor and the operational scale of the compos
considered. One in which the compost prodstcéi ownémaci W
commercializes the product for mi®3CHBNAR,oQapdn iaenso tahnedr oitn
the mining company invests in compost production pri m:
retaining the possibility(8€CENMRIK@ tvBenng tshuer pd wrsr ecnotmptoe
readiness | evel, the scenari os ar e baassseudmpan oinrsd ii cnateinud
support preliminary feasibility assessment rather than
i nvest ment and operating costs presented in these scel
derived from engémeerimagke¢udlgemchmar ks, and pr,elwhmilnear
the technol ogical assumpti onsamd eWhbasddveaehi dhec&eEeBad
compost production trials.

The scenarios defined by KOMAG f ocus -coonnttahcete hisgdpiillloiy tma i i
technol ogy for the rehabilitation-bafseldarmbnddalri wgst ennt
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i ng,spaeadi 5ii¢ edppleiced atmiadom om mat ePrliBalasn.d WPrOLITKEEE ORh & c@l
anal ysis does not compare alternative i nvestor

| ementary operational stages of the reictl@BElMg@ARIo pr
nd mobasteod i mgppl ement ary intervention applied only
tional recl a@BNABHOI Alntepuwigrhed h(eS pri mar yhmodolj egy iive
devel opment and assessment of an automated preci
rporated into both scenarios as one of the recl amat
ying technol ogy awiitolm awawnrdeo sGfoisap phl scamgitti ioorss .wer e de
otype development, field demonstrations, engineer.
es, and should theret¢atrieve eesgteigmatdeesd sawsp piomdiii ng p
omi ¢c assessment rather thansbommdr beahogedtahbons$i
nology conducted under REECOGpeWP4iandapWPbcaetsoht e a
ures and compost t hat di fPfleBr afnrdo nP OLWMELGEO Ra d mp ttehde i
emeémmha scenari os. Consequently, the cost anal ysis

sted application rates.

1. Ratiofi@mrecost & benefit analyses at early stage
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orming a Cost & Benefit Analysis (CBA) at an ear |\
tions are at TechnologysReadenesal Leoel tBbafdRar @in
tical-scadlnaduap pAiliddhaotuigohn si.t i s r ecoenginniiznegd atrheaat iesv eu ryi
stment costs will va&ampycsifgri fgiemd mtgliyxabased iamatdgict, e
y assessment serves several critical functions:

tification of-thbeakalyysiostadrowerdevel opers to ide
uence the final price of recl amati on, such as bi o
mated equi pmemits man albleamanctesu@poredfdecfarbher tech
rr-ecdlué lcommercialization.

nstrating i mplementati-qomr epotmé mtairyl CBA straleecs| die rss
eration with industrial stakehol ders and mining coc
enting indicative, CAPEXporode OPEKrb6vgdesspractical g
stors to performfiemaisti bal i bydgesiesgmamdspr e

uatdf nganohnal ecostylse ema lbbemiemifngposecl amati on cannot
ct financialstredgea rarsalay ©in®e .alElacws for general asses
oi l organi c c aordbiovne rsse gt uye sitnmpartoi voenme nbti, and the redu
h align with the strategic goals of the European G

e-mpashg sites are not standar dhaeaeld damprsoaccp.orBy ud
erent implementation pathways (e.g., i ntseprencaila luiszee d
ice provider), the analysis demonstrates the condit
ationally and economically attractive. Wh ialgee SCBeAcC i
ges t he tghaegorbeettivceaeln research andnouraicng cahat mpheme
nol ogies are not only ecologically effective but a

l'ly, these analyses serve as a starting point for t
orted by European programs such as the RFCS Big Tic
environment alo pvoisaehdi Isiotlyutofo ntsh.e p
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REECOL - Scenarios for Cost Analyses of Post-Mining Land Reclamation Technologies

Different perspectives and business models reflecting the diversity of sites, objectives and technologies

v

1. GIG-PIB SCENARIO

Steered Succession of Low-Growing Plants

Business model:
OQutsourced reclamation coordination

Technology provider delivers full reclamation
service to mining companies using external
subcontractors and suppliers.

Scope of services

&~ (- (4]~ B -

Site Rehabilitation Procurement of Field Menitoring
assessment planning materials implementation & reporting
(subcontractors)
Target

Hard coal waste rock heaps - rapid, affordable
greening, soil stabilization and prevention of
invasive species.

Key features — Scenario 1

+ Asset-light - no CAPEX on fixed assets

+ Standard agricultural equipment via subcontractors

« Includes technology licensing (GIG-PIB)

+ Costs based on real market data and field tests
(REECOL WP4 & WPS)

FigurSeunimar y

v

2. POLTEGOR SCENARIO
Compost Technology for Soil Regeneration

Focus:

Application of REECOL compost technology for the
biological rehabilitation of post-mining land

(lignite areas for future agricultural use).

Two business models (by investor)

Scenario 2:
Investor - Feather Waste
Owner (Compost Producer)

Scenario 3:
Investor — Mining Company

Invests in compost preduction
primarily to support own
reclamation needs; may sell
surplus compost.

Builds and operates compost
preduction facility and
commercializes compost to
mining companies and other
customers.

Key features — Scenarios 2 and 3

« Differentiated by investor and operational scale

» Indicative CAPEX and OPEX (placeholders)

» Based on engineering judgement, benchmarks
and supplier information

* Technological assumptions from REECOL WP4 & WP5
field validation and semi-technical compost trials

-mf npopgtrecl amati on

4. KOMAG SCENARIO

Non-Contact Soil Remediation Technology

Focus:
Integrated

non-contact remediation using UAV

monitoring, environmental sensing and site-specific
application of reclamation materials on hard

coal waste

rock heaps.

Two operational stages (same technology)

Scenario 4:
Initial Treatment
(entire site)

| Initial treatment of
the entire site using
automated application

L

reclamation materials.

r ———————— — ey
Scenario 5:
Supplementary Intervention
(targeted areas)

ot

Monitoring-based intervention
applied only where environmental
of conditions indicate additional

reclamation is required.
J

Compost in scenarios 4 and 5

Compost is inclu

ded to verify compatibility of the

automated spraying technology with compost
application under field conditions.

Scenarlos 4 and 5

Key features -
+ Costs based on prototype, field demos, engineering

calculations and market prices (indicative)

* Site-specific application rates from REECOL WP4 & WP5
differ from GIG-PIB and POLTEGOR scenarios

+ Cost analysis uses these adjusted rates

scenari os
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1. B5ener al di scussion on the benefits and cost s

The foll owidgvelcepadiios the foll oawi engge thdataipitigcroadl waco es
origlnite dumpwhghgdobbthdsent post agmi ol bliaonddi viesresri € yc hr
l ei sur e.

Foll owing this, it is possible to |lofstt émab idlbietosatsiednt h e
t hemdamrencotnleyt | statbdres are considered as qualitative.

1. 5BEnefits

The projects presewmdchiagernnal benefits
Il ncreased property value on site: expectedehabreasati
and redevel opment , i ncome generation opportunities,

increased revenues Tthoematsr gyi padiamdesetspbei tihel mdedngr
company ati eng ) a( ftt ihnoewa natr toamussetel i nqui sh t he rAenh aabvielriatgaet e
increasSsé o ff oBrleohvaibnigc btubhtdi be (eBxHP% cwietdhi n r5e hkanb i dfii tt tabft ee d
(Hanniger ei.2017.

Provisioning ec:ostylseyemc asmrerlveé ca@asval uable income gener s
especially for agricultural l and uses thanetlami,lpirtoartiic
this is the SEGENABROSNIt 8. of

Increased t ax revetnuesys e amad sl gwi ¢ $ cant behabi taintdaetsiud nt

redevel opment t hat can justify investment. For examp
governments (e.g., propeadye amfuf i elcd meedaxelsd) pment can
mar ket pricing as the expected increase in property Vv
tax revenues from operation, hostThigs cwmpray i €me @infdi f u
Environment al Cc 0 theesrev ameiroen hcirgehdiitgsh:t ed as potenti al r e

wetl ands mitigation credits (or carbon credits) basert
rehabiandatédavel opment project where the high value v

Renewabl e energy generation with sol ar p hoitno vVREE @QOLlc (
scenari os.

The projects pmesemntnmentead nodlenefits (that can be asses

of final ecosystem services -baabhgdehiokbrpbenefietecdoomi

Climah@&nge mitigation through carbon semoss$t rcotnisomdea
benefits, especially wbabettheohppl onatbonobhenabupbwnf
Seveaomdts are available in the |literature:

Theeawge carbon price in thheSMglOanaacyprdanbohomahke
(Gasparinnetti et al., 2024

ThEU emissions tradiikEd Mg ¢ ecna &l medno®e E2868¢t), al . , 202
SEURMLQ derived from a comprehensive |it,erature re
23BURMgC Qe as the average value of a pr DeVelaketeld2pM®al ue
I f Bi:g4th a€@® Megobi oc Azaietal(20apageorgiou et al., 2021

Removal and filtration of air poll utants: the remova
rehabi bhnhtdatedeavel opment that is particularly gréewvant
space with veget athiasre do s olulsitsh ginss at autr ec on s i dwemrleas si nt hoeu
sistae@e | ocated very close to popul ated areas.

Hydrol ogical cycle and water flowofeghéamaiom: bdhef icba]

spread of pamémtainals @on particl es e(fseugsupleantdiendg ntahtet efrl, o
in terms of stormwateralaovafpuyableobdeoehitoln bbth ust

areas to increase water retention for crops
Pol |l i:nkisti one of the S@G&ENARb®Onefits of
Research Fund Ceflunded by the European Union Views
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Bi odiversity andi thaibsi toante qoufa BtChEeN AnRBliOn benef it s of

Regul ation of soil iqmprldwemeanntd ohickeatl B Eha s miéhhet adith wergget
di fferenareceandi bi oned by ethhasbidditlatgqwall i ty after

Greenfield developmeméhahbivi hgso i pmbmoeéitedével opment
devel oped | and which prevents the exploitation of gr e
As an exampl eDeMValdketal (R0t9uvdeg biyban ecosystem services prov
at brownfield sites are described:

| ocdli mate r @@PEIURtAveget @ti on/ year),

air filtrationElWhidg vRMIO | faitlitoer d d2year ) ,

recre@EWVRvViIi sitor/year),

carbemuestr aBURIgC @/ 2y3e3ar )

avoirdeno,b PE URI year ) .

One ebdmonsider the following social benefits:

Human health i mprovements: Removing or reducing the ri
is one of the mostr eihmbad b ratt h egont evieiotwmss iodfer ed i n this p
Cul tural ecosystem services: Cultwmaalereabsyenhemi §ar \pie

from contact with ecosystenbseitntgat( TEEMBh e rR0iIleddadsce ehhbi
according to scenari o ,1 acaemsbevheearev drttwaads kipro spparbd e t o

Ot her extercan hemedd#tesd property vyanpdeyimens$ umomeundiumg
aggl omereandfosmt chddsti onalad heestmabt | icraeatde aopepao rctanni t

1.5Cdsts

The internal project costs Thmgeitclaed | maimcsodece hef dcoet
rehabidmnd atéedeavel opment project
Dirreehabidand atedeavel o prmdutdec ost s

desi grehafbi dc¢ttiadmon

project management,

capital costs

CAPEX -s(ia-rehe initial site investigatriebabbohdt pwihdmusict
preparatory wor ks nrallalkisttiatbd tiessdhynenandoft h er echaapoiitlialt ad a

act,ion
CAPEX s(iafefpsts involved in movenseintte olfanmdtidrli aslusc ht oc
di sposal, soil handling and tipping fees

rehabidactiadmon
monitoring,

OPEX admini stration and management cost s, monitoring
rehabioptiaonen fuel costs (diesel and gasoline consumg
and Pplrtyg carstcsqgstia,bomachinery costs

projectrrskkefr émalf,licrtedpvictoant i omatbe ré¢ csk9gi dered at a fea

There arxd ealnad e nvi rtoon nteond sad diecros t s

Aggr egantveidr onmentod! nihmpbc hét @baobe consi dered at a f ec:
Aiermi ssamdsair porlduabiolnc tfeocnobhe consi dered at a feasi
Aiermi ssamdisair pollutimfgtbrom toasspderedtnad a feasibil
Aiermi ssfiroomm futune ol ded coesi dered. at a feasibility ste
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External soci al costs maeflabebinebnomdddueran®pohtati on
project that could result in economic costs to both th

AWor kheeral t h and safehgbichst@bdomen consi dered at a feasi
APublsiad ety and publriech arbu ihssd ricbed offreomonsi dered at a f eas

APubbsatety and public nui@ctamclee fecomsitdeamsgoat ad ifomasi b
Ot her external costs can be:

ATheanld use:llaantdenntayy not be avail abtehtbri,l pwhaitcuho had oviel du see
cost for | andowners. This could be seen as a postpone:q

when consietteabi Bgtatiegnes with different rteihnaebiHartiaz d ros
| ot @r m geerhtalbe .I0Ointeatofont he SICENARI2QE dof3 hivghh bi ol ogi cal
compost is indeed to accwiltea adfe arheagroinoielrtsd roenl olfa i ch eu

REFERENCES TO CHAPTER 1. 5:

Azzi, E. S., Karl tun, E., & Sundberg, C. -Sca0 k9 )B.i oRhas p éa toi
and Use for Negati ve Emi ssi ons i n Stockhol m. E4716&.0nme
https://doi.org/10.12021/acs.est.9b01615

Calvo Robledo, A., MacDonal d, M. A., & Butt, C. (2020) . R
informed by assessing ecosystem sé@1Rtetsp.s :Re/sdtooir.aotrigo/nl OE clolll

De Valck, J., Beames, A., Liekens, ., Bettens, M., Seunt|
in sustainable brownfield redeved@pmpet/ /Boospsthém0SanNvLi6e ¢ ¢

Gaspar, nhettBakker, L. B., Queiroz, J. M., & -¥YchekagolTd m2®
i mpacts: A framework for value transfer application. Resou
https://doi.org/10.1016/j.resourpol.2023.104259

Hani nger, K., Ma , L. Th& Valmenesf 6rowl2Diléd)d Remedi ati on.
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Kr zemi e G, A., Clvarez Fern§ndez, J. J., Ri-€EsgbederB8&nded,
Restoring -fofaé¢cMedi Ameas: The Missing Ecosystem Services. |
and Public Healhtt pd9/(/2dqgi . dd4@/0D0. 3390/ijerph192114200

Krzemie® A., Clvarez Ferng8ndez, J. J., -Bobpetsgo,F&8rngnad@a2b)F
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2Directed succession met hoidrsi fgrt erdniagdreds aw
redevel opment potenti al

The steered sugrewisn@nplodnt ®wmet hoeffiextarnwei mrealt atmav é o0

designed specifically for hard coal waste rock heaps w
The primary objectdvandsafboadhbéeegrapning of degrade
prevent two major risks: the encroachment of invasive
woody vegetation, both of which canvail gri aindacbimpl deat @
reuse. Unli ke standard reclamation that relies on expe
accelerating and directing natur al sugcewshgn hprobaes

community.noTlhgyt €e@am be summari zed by two components:
al oowvost soi-t ypddiat il yebased on sewage sludgpeocandtsodlsur

as fly ash) that is applied directly to the waste rock
heaps, speci fiecadfl yawahiel asbhloer tpplgo s phorus and nitrogen,
substratkodlsdiwamag ecapacity

aspecialized seed mixture of native speci ecsommunittayr g
adapted to difficult conditions. The selection (typic
spontaneously on heaps, have |l ow -nesrseant reflhhéesemeho
al so enhance pri oudiiviemgihagbibtyats for pollinating insect
I n shortcut, this met hoe atr rauvesid opaneacms s andom, awbBhduct
stabilization. By establishing a native herbaceous cov
an aesthetically pl easing |l andscape that provi des es
polltioa) while maintaining the site's readiness for sul
solution is industrially ready, as field i mplementati o
2. Prop®BLENARIeX ilni ti on

The i mplementation of tiye owti eng@r @d annuccened han dodfetisbwuoced
reclamati on c¢oorwhienraet iao nc emotdreall provider manages the en
by utilizing external subcontractors and sugdgdlgihar s.t rTahie
meaning it requires no initialbeapuisalt expemydsitaualesi maml
standard agricultural equi pmentdipmaotva rd edde |biyv esrusb cao nd a mapcrt
services that begins with preliminary studies of phys
devel opment of a specific rehabilitation plan, tahd yproc
the execution of field tasks.

This structured process i s designed to achieve a stable
initial soil preparation and sowing in the first year
second. To ensiutrye arccodondte amehmt ed proof of success, t he
rigorously verified through advanced monitoring technigq
analysis, and traditional fi elrgpoguartwvsy a. shlerctiffercmodorn & .e nts

GI®I B technology, whi chsciasl e ussatviifnigesd gbeyn etrhaet eldarfgoae t he
i ndustry solutions.

2. 1 P% .0 dmacr tkfie tt

Rehabilitation met hoREBEUmIskp side ta £ dp asrutc c @dsrsoi winn go fp | laonw
addresseasl a pressing problem related to the effective |
by mibéwngl oped shod mpi emeoaedmosatrni ng areas into diverse
aesthetic value and recreational potential, as wel |l as
for economic reuse. Reveegetoamiingg vseuwgceh aa ri eoanskawarftshi tdhooavse d
species establishing themselves and to slow down the s
Thi s-ewealalbl i shed plant community, characterizedlwyrdédupr
and fragrant fl owers, provides an attractive habitat fc
ant hropogenically altered areas and makes it possible
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2.1Target audience

The target group consists of mining co(nbpuatnirecst, ilninmiptaerd

Upper Silesian Coal Basin, which are responsible for t|
operations., ForREEKGMP GEak dlniesh Mioowngr G @3 p3dquare km, ar
in 42 communes of Silesia region ane e3 nt osnimuant eesg yo fa shaugno
all the mines belonging to the PGG until 2049. The proc
terrains with high redevelopment potential. Currently,
posni ning areas have | ess economic value and can be used
suppor toisystem services (pollination, regulation of S L
Preliminary spatial an a l-kyns erso aidn dd icsatt aen cteh aftr owm tthhien waa s5tOe

Jastrzinbie (the supplieerarcef ctuhheg-exagitly aibBAEmpweart wast leedu mp
with a tot3&l0 &@mea of 1

2.1B3asi medel

Out soWRrecheadb i ICOOadi mamtbwsni ness model based on the coordinse
services. The most i mportant advantages of the adopted
no requirements regarding ca@ARBEBX) expenditures (fixed
high scalability through subcontracting

2.1F4nancial assumptions

The most i mportant factor in assessing the commerciali.
performing rehabilitation using the developed method.
The scope of cost items includes not only the purchase
al so preliminary studies and monitoring of the effectiyv

the site and atheed cwistths caasrsroyciilnhge ocucts tt hees ¢ p rmt®jit ddastr . absbs o
operating the busineRseshabdEintbate o@uti saumoeeé! and the co

Preliminary Studies

An essential step for the effective application of the
is the assessment of the initial habitat conditions.

spontaneous veghktaimesd & s t(heixn st udi es) and the collecti
determination of basic physicochemical -spanametueli €£s)as TH
of research all ows for t he iodenfteirftiiclaittiyo na nodf tthhee dbeatsee
phytotoxicity in the substmiatieng Iwta sstheo ulady bceo nrt cati end etl heavt
trace el ement s, including hdavyvemdt abat ambs nguattiby ealenh pafhfr
pl ant growth. The test results enable the devel opment o
regarding the application rate of soil iimprover (based

t her gtet species composition of the reclamation mix (e.g
case omi mpiosmg waste whose properties prevent the growth |
additional medavoedathd eateabpbedi ti ons (neutralization of
waste dumps within the Upper Silesian Coal Basin do not
of neutralizing or stabildedngnhehey amat gbssweHoeweawoeéer |
when applying the method to the recl-amatl|l ogniofe smioni nd
contaminated by heavy industry.

Materi al s

Mat eri al costs include the purchase of seeds of select
grasses) and the cost of purchasing a soil improver. Spe
necessar ys cfalremadeicgien poogsetablkl egvir alwivreg svoeng ePt- ajtnioacn mi ni ng
heap in Jank)bSwigreanfsPodfansdeeds mi xture sp® | iswaupFer eneh et
purposes of this cost anmafsike sbedomiferute sseppl yn50hk
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spoil tip was taken as the basi sqguodtoea ftore tphuer psowspepsl yo fo ft
mi xture used in the-nrieahalygi Isiittet iwars afs etdhi s post

The ismpdowera product based on processed sewage sludge
facidiidteiadd y | ocated near muni cilmaleawas tsgpweati €ri ct rcemasteme 1t
conditioner r equbiarseedpiosn idmit eamy nteedlsts. To estimate the
rehabilitation of the North spoil heaspeBe hi Jankbivpaét (P
of the fieldwork, soil i mprovers produced at the waste
Recl amation services

Based on observations of the test pl oitts swhiouhlidn btteloea sPs- uj
achieve the expected vegetation cover, reclamation act
During the first growing season, soil amendments are a
second growing season, only soil i mprovers are applied
Field tests havecahewn mphamehaageon of this method (re
possible using basic agricultural equi pmRaehallit Iwiatr &koir o n
can therefore be carried out by companies that provide
agricultural services in the i mmediate vicinity of t h
equi pmentcomnusitddred

Tomassess the effectiveness of reclamation efforts, it o0
is condasédadgoenctral anal ysietse iPregpgedtiicomsn are al so nece:
the species composition &fgi@hdédclascolpepiolgwoedket at igare st
out by specialized companies and research institutes.

FigwkrMoni toring the effectiveness of rehabilitation usir

The company's own cost s

Produeltated costs include the selection of suppliers o
coordination of the reclamation pragcessomasamsvéetl ¥i masn ccioz:
mar gi n.

License fee

This solution is protected by |l aw. This sbNhuitopnpalisesha
instit®PliadB)( GNGKRKla¢é owdlceul ati oncorfsitheeded aensehadeet he sol
for intellectual property protecti-woarl(dpatcemdi)tiaomdeds W
i mpl ementation using agricultural equipment at the P-g§
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Sincehabilstatbsonictly technological process (e.g., bi
the fees is most often based on the actual savings or g
sol utseoensnext) .s@ctpiremi minary estimate of the cost of p
set at 350 EUR.

Operating Margin

Given that the standard restoratiocfsmetcbdpi@vio®y @Bi mi
potenti al to provide ecosystem services, iyt onfafse rai snsgu nte
innovative servicdO&ould be as high as
2.1P5o0oposeddsoehasiummary

Based on the assumptions made, t hemi md ;ntg dfanrde dlsa nagtpir ool
providing a comprehensive service to the client (a min
cost wuintlX®#BURCost analysis was conducted based on ma
price Bwlulreteiin www. s)lekocenbud. pl

The table below provides a detailed overview of the co
busi nessThneosdee Ip.ri ces are based on prTiachd)equot es and fi el
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Tabl€ost items fneert hddvpiesnpend | and.rehabilitation
Cost item rethfi?;?rrlI:LtS r?wgférgl G Cos
2
[kg/m 2] [EUR/Kg] (EUR/m?) | (EUR/ha)
1 |Preliminary Studies 1752
Analysis of the physicochemical parameters
a - 584
of the mining waste
b | Assessment of habitat conditions 701
Development of a rehabilitation plan
c | (soil amendment dosage and species 467
composition of the reclamation mix)
2 | Materials 3802
a | Reclamation mix (seeds) 0,005 70,63 0,353 3532
b |Soilimprover(pr ocessed sewage 0,5 0,054 0,034 270
3 | Land Reclamation Services 3501
3.1 | The first growing season 1984
Transportation of soil improver
a (up to 50 km) 0,0368 0,023 234
b Transportation of agricultural equipment 0,035 349
(up to 50 km)
¢ | Application of a soil improver 0,047 467
d | Sowing Seeds and Harrowing 0,035 350
e | Monitoring 584
3.2 | Second growing season 1634
Transportation of soil improver
2 | (up to 50 km) 234
b | Transportation of agricultural equipment 349
¢ | Application of a soil conditioner 467
d | Monitoring 584
4 | License fee per hectare 0,035 350
5 |Labor 1 869
a | Marketing, customer service, work coordination 1 869
6 | Operating Margin 1250
7 | Total cost of the service per hectare ( EUR/ha) 12 660
Research Fund Ceflunded by the European Union. Views *
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2. Advantages over ssaeamaridos ecl amati on

The cost of staomdar dwhiebl amaolves creating a | ayer of
sur foafcet he spoil pile (most often consict@ainnpeohy nahMyv e
EUR per hectare. Cost analysis was conducted based on
(Tab2)e
TabP2.€osts item of the standard reclamation method
Material Cost of
. - . Cost Cost
Cost item requirements material 2
kg/m 2 [EUR/Kg] (EUR/M?2) | (EUR/ha)
Materi al
Grass seeds 0,3 4.4 4.6 10772,1
Native soil 50 0,012 0,6 5814,0
Wor ks
Native soil transport 2325,6
Spreading of native soil (at least 5 cm thick - layer) 1,0 10113,5
Sowing seeds 465,1
Total cost of the service per hectare ~29 490 EUR/ha

Steered succgsewbngopl botws advantages over standard re
Agr e abtieord i we rhehigthye r a e s teh egt.i kkeyv@md eiefce of plant speci e
(Figu)ye 3

At herpeotiesnti al to prowodeybduaiepie bees (

Agreater water retention and erosion control (deeper r

Fi gwBrGl 81 B anddiPvG@ se herbaceous vegetation .with natur
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Figur&al ®1 B andsp6&66i es with showy flowers that serve a

2. ®t her scenarios
Recl amation costs can also be reduced by having the mi
directly. In this case, the mining company does not bea
When reclaiming | and over | arger areas, one should expe
because the costs of transporting agricultural equipmen
1 ha) with a htoenogempeposiist iwars, it is also possible to re
soil fertility and phytotoxicity.
Costs may increase if the soil improver and agricultura
2. Summary
Experi ments conducted at the spoil heap Janina which is
by t hePromtj&rtt ners (VUHU, PCC, I NNERI S) show ehédecthee
revegetat-moni o postas, both the waste dumps resulting f
opepnit mining. The medihodar g ead mbu rpipteivasd et habi tats for
particularly pollinators. Covering taei wg esapevditehs verget
succession of woody vegetation. For this reasdare,rmthe
preservation of areas with high potential for economic
Despite its | ower costs compared to standard restorat|
providing ecosystem services. The service also includes
efforts, which giaweys ctoe indiemicreg tchoamh its recl amation go:
This implementation model, based on an outsourcing ¢o0mj
the need for capital expenditures
Cost analysis was conducted based on marmwwem. sekotcesn bardd |
The actual costs of providing services using agricul tur
were used.
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3.Technology for soil regeneration by comp:¢

Pl ease note that the CAPEX and OPEX f,iaghudr ewso uild tnheiesd &
confirmed by quotes from manufacturers and service pro
pl acehol ders for initmakKirmgudgeting and deci sion

3. Purpose and scope of the assessment

This assessment provbheamreasf iat peeadli matmiacry aefosthe REECOL t e
using composts of high biol ogim¢al ngctiawidtylits phe posel a
invest ment dppreasitsaabll,i sthutan anal ytical basis for eval ua
and broader value of the solution under realistic indus

Th
be
ad
t h
fi

it streams, and i mplementation conditions associ at
ion to dpeets,etbromhnal gsis also considers the wid
lution, since the value of | and reclamation tech

assessment i s i nstteangdee ddmatecti issigpnbyr @t deatliy yi ng t he mai
i
i

D
— =

SO
n
r

> @ QS 0

O cCc oo 9

al returns.

>

he potenti al benwedli drsj sasstsibacd ead ed e pvé n che AMAER t BIV i @)t
i mproved soil quality, enhanced revegetation p
ns. These effects-mama nmaratrieawsl, a wlhye rree tt theea rstbecpreern ks
onl yt emm s\hegdt ati on establ i sd&halmemébuibludi nag sof omi otlhoe
ucturally stable soil

c
dingly, the scope of the assessment includes not ¢
t
S
i

t
t

= 7+ ST 0o
o -

o cCc S5 —O

e analysis also aims to provide an initial basis for
sting, or implementing the technology in industrial p
ojects. I tnh et hp rse sseennts egssessment should be wunderstood
mmer ci al and operational validation rather than as a

cause the technology has so f&r hine € ldjeanadnakattfreadtliad n | sada
st assumptions presented in this section should be tr
alues wused inptrlhketacal yypilsacahel ders intended to suppc¢
ppraisal. Actual costs wildl depend on t-dpedii fniad d e®rcdin
ogistics, regulatory requimeemgunit gsmemandsgppltiaei ®nanobsa

o =~ o T

D

— o< o0omwW OT ~H WS
o

g

he present assess merbtasied tamar edfsdrveapds.d edmariiso desi gned t
i mpl ementation pathways and to indicate the <condition
economically, operati oatatl d ¢t iana. eintvi s lmouwnled t b bsluypepaod tas
exercise for furthersdlesatiitbitle tfyorwod &t ainlogd asngai neer i nq
suppbhaseed cost estimati on.

3.2Aassessment dimensions and benefit categories
Given the nature of the REECOL sol utmionni nagn d atnhde rsepcd cainf:
present assessment adopts a broader perspective than a
cannot be capturedt sotéeénpuedhrounugbpeiating cost s, becaus
functional i mprovements in degraded soil andalwirdesrateinovni
ecosystem recovery.
For this reason, the assessment is structured around f
environmental, and strategic. Together, these di mensi o
i mpl ementation potewmndear fodt drhe itredithatorliogly condi ti ons.
Economic di mensi on
The economic di mension covers the direct financial i mpl
capital expenditure related to the establishment of tnh
associated with f eceedssstioncgk, htarnadn sipnagr,t ,prloabour , utilitie:
wel | as potenti al revenues from compost sal es where a
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includes avoided or reduced cost s, such as | ower expe
reduced dependence on eixniperronvailnlgy apguerncthsa soerd nsionielr al i npu
Operational dimensi on

The operational di mension refers to the practical per f
includes the ability to secure a reliable supply of
appropriate industriablspabducandféapptyvehg bn degrade
effects on reclamation performance, such as improved v
interventions, and the potential f oredaoowersttaibrhee. and d
Environment al di mensi on

The environment al di mension reflects the fact that the
revegetation, but also to contribute to the recovery
environment al benefitsn isnocilluder gtahnei ci nntartetaesre, isti mul at
i mprovement of soil structure, enhaneemh svaitlrf oemani o
on pmoisnting | and. Additional vhbeEsateifodfh swansaye, asrtierseeaontsd o mr & B
on di sposal routes, partial substitution of convention
soil organic matter. At the present stage of technol og
gual iltyatoirqeseemtii t ati vely assessed benef-s$tal entasa. suppo

Strategic di mensi on

The strategic dimension captures the broader i mpl ement a
and regional transition processescoilbmg pacthwdgs based
reuse, the developmemtmode newbgowweeantavagt endustries and

operator s, and the possible establishment of new busin
case of mi ning regions undergoing t roanntsrfiobruntaet i tom , t Ih & €
repositiomimgngf | pomst management toward more sustainabl e

Not all of these benefit categories can be monetised w
Therefore, the analysis combines indicative economic es
and environment aloadHh eicsd scodsdiderawgp t he most appropriat
demonstrated promi si ngomdaekistuilhdasss ,;nrduetry erte Ibeeveanntde pl oyed al

3.3echnology description

The technology developed within the REECOL propmpbosis
of high biological activity -minntienngd elda nfdo.r Tthhee sroel cultai noant i
composting recipe with a dedicated microbiological i noc
physicochemical pndpéi bilegiocf degraded soils. | ts overe
by rebuilding soil functionaltiegrym rnauthreire ntth ainnpowt .suppl yi
The compost formulation is based on three principal W &
nutrient balance and organic matter :input. The referenc

60% wheat straw,
20% waste chicken feather s,

20% caworific Iignite.

This combination was desi gthad ttromgaenhireevwed oan ni rnihtei alangar
effective composting, whilveal aotr idadtaddiisdaimec ulitmeo re nuarbd & rnugs et
originating from agriculture, the food industry, and mi

A key el ement of the sol ut ksotnr aiisn tnhiec ruosbei aolf ian odceud iucna tdeed
bi odegradati on of t he individual feedstock component .
compl ementary enzymatic properties:

proteolytic strain supporting keratin degradation in |
cellulolytic strain enabling more efficient decomposit
a strain capable of zastuipprmrdfi nigi d hiatvdai ibratbd aermdruéeni gl smuth st
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In combinati on, these microorganisms are intended to
agronomic functionality of the final product.
The innovative character of the solution has also been

technology has been covered by two nat i onlands tpiattetnea o a@ppd
Mining I nstkR0@d6e in March

AP. 455182, entitled Compost mixture and method for its
AP. 455181, entitled Compost i nocul um, met hod for pr oc
bi odegradation of compost.

These applications strengthen the innovation profile
devel opment armraticommerci al i

1 §

-/..  rha Rl i ,i
Fi gurPeOLST EGIORr oducts of static (left) and dynamic

Experi ment al work carried out within the project demon
senrmiechnical stage was dynamic composting in rotary bi
process configuratiegr @e oo dedntar dili ghheer dt he bi odegr ac
ashorter production cycle. The main operating paramet e
regul ar mi xi ng, and moisture control ati mppcyxli enat ety
approxi matweleyjk s4 under controlled conditions.

The final compost i s i nitnepnrdoevdi ntgo nbaet eursieadii @iism @d emgoréshdse d U

the assumptions adopted for this assesSmegtm2t heor ee s m
to approx Mghahtag!l ¥i ncSor porated into the -3®@idmadfdamb@phb o
before sowing. This application strategy is intended 1t
i mprove moi stur e retenti esasesst i modaetcefeaat ceurrodabidnael cpor nodei
vegetation establishment.

At the same ti me, provided that the relevant re
al so represent a potential marketable product fo
matter enhancemelntac thiivoilitoywr raaildnslromrnvge ment of soil

gul ator
ragric
struct
The technology was devel oped and validated wtiddhmi ctahle

scale, followed by field application and performance a
solution may be regarTdrReld 6a s Fhiaevlidn gv earcihfiiecvaetd on carri ed
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positive effects on selected soil par amet errse alnamabti iod o
oriented technology rather than merely a compost produ

Figur ePOLTEGDRI d test: control without compost (Il eft)

FigurPesVidompost field tests. Experimental plot in
From the perspective of the present assessment, the t
reclamation solution consisting of three interrelated
production, and fielidn@apmilaoadwdti.onl tod itrhreoweaetsiuve char ac:
recipe itself, but al sedeirn vtelde ctoarpgpenteend su saen do fs pwead tad i
generate a functional soil amemidmemdge Htaabiidl oirrteadt itoon .t he n
3. Reference scales and |l ogic of implementation sc
For the purposes of the present assessment, the econonm
technology is considered through defined reference sca
intended to provide a Bgrpcausedl easndu$bdbri abmpat hways
us e, whil e recognising that the final conf i gaupeadi foinc o
conditions feedstock availability, |l ogi dfiecdj vesguwlfa

i

i mpl ementing entity.
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The reference scaling adopted in this assessment is ba
15 kg/ m2, corr eMgploan.di g tthoi sl5basi s, two indicative oper

The first corresponds to the reclamation ddigoflOchmpodst |

annual l vy, and may be treated atstaged-geRbnglienpl eenktat anc
defined part of a | arger reclamation project. This sc:
primarily forany'es miwn nlgarcdmpehabilitation needs.

The second repr sxcandtes ianplleamgretrat i on corresponding
1 58M@of compost annually. This | arger production volu
reclamation demand, but also by the possibility of ple

external outlets, suWle] gctl etvea nd o mpelgiug ueatled rivwy tatmedy up rr cedmecntt

Therefore, while the smaller scale may be more appropr
scale provides a more suitable basis for assessing the
For the main part of theMgyesentcasmaliysiasdoptthead Jlas5aGt
scenario. This reflects a scale at which the technol og
rather than a pilot extensi oMg yAetart hcea ssea nree nilai €nmes, h wntaheck usl
for phased i mplementatiospesti dged aidmape st meomt wher esiiinét
expected to be | ower.

The scenario |l ogic applied in this assessment is based
the entity responsible for implementing and operating
because it determignes the sowwcitomgel of costs and benef
strategic rationale for investing in the technology. I n
3.4 SCENARIF ®at her waste owner as investor

I n $SGENAR) Ot he i nvestor and operator of the composting s
for examplseecat oprouelnttreyr pri se or processing pl anpr agdeuncetrsat

(Fi g@rlen this model, the centr al economi c prraothiloennaal tei ci swal
stream i ndddead valackuct with potenti al use in | and recl a
also in the wider soil amendment marekemi.niWig hdoomptahniys ii:
primarily as a strategic customer purchasing the compos
This role is economically important becausel ummecoetates
the product, thereby reducing maurpk epthawsrecert ainty during
At the same time, the cooperation mesdppl may gel beiyomsh i
mi ning company may also contribute one of -¢dleorkiefyi cf eved
l'ignite. I n such @ardonftiakwersattihen,f otrhme ofcem i ndustrial s
waste owner acts as the principal investor and producer
oftfaker and as a partial f eedsetnosc kt hpea rstcreenra.r ifioh rbey dcaoantbrien
demand base for the compost with partial integration
cireceeucloamromy rationale and the practical i mplementation
Th8B8CENARIaGsumésat the feather waste owner seeks to redu
waste management whil e sivmmldatrdpoestohuved yy cdeepveed logpionfg gaener a
val ue. Composting with the dedicated inoculum and the
creates the possi bil ittoga noafg ec oonrvgearntiicn gw agsa deie st tiir@ebal ny i nmat rok
soii mproving product. In this <case, the mining company
dowmetam user, securing demand for a substantial share
may potentially be directed to external mar kets where
From a businestshefLe&EMNARRICS i particul arly relevant where t
negligible disposal cost s zathiaosn aa c cceaspsa cti ot ys utfof iocpieernatt eo r
producti on, and can secure a stable outlet for the fi
circeucloaromy objectives, since it links wastecreabegsery

af ramewor k-stat ocrco®per ati droolletsweedrort lael dand raipe r ae ©olr d ma
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At the same ti me, this implementation pathway is asso
investor must secure the supply and transport of the r
where not provided bynibhe, mwhinoh mpmayt gemerlate substant
on distance and | ocal availability. Second, the scenari
infrastructure and equi pment. Thiryd,t o hnee ebtu sriengeuslsa tcoarsye
related to waste status, product quality, and mar ket |
depends on the-tetranbicloiotpyeraft i loondet ween t heideogacenenn
a meg, the attractiveness of this scenario is I|ikely
|l ogistics are manageable, and a reliable demand base f

Feather waste owner g e o o
Composting process Final compost Mining company Post-mining land
Straw supply Investor and - 5
REECOL technology product Strategic customer reclamation
compost producer

T
I
i
I
I
.
I
~

optional sales |
_________ »  Agricultural market |
! optional external sales |
e

Waste lignite from
mining company

Fi gwBrSSCENARIV@I| ue. chain

3.4 SCENARINO ning company as producer
I n $SGQENAR| Ot he composting system is implemented and opel

responsi bl e for t hnei nriencg(Fal ngastydilecin t dfi sp onotd e | the pri mar)
di sposal avoidance on the side of the featheirmpwanweirngb
materi al for direct use in |l and rehabilitatiromathlee mihr
onlysar of reclamation inputs.

The rationale for this scenario is parttiemunmaréypongiomigl
degraded | and, ongoing reclamation obligations, and acc
of -tawori fic rl isgintad ¢ abit-eodgndmies amat er i al . By integrating
reclamation strategy, the mining company maiympreawerme rdte

materials, cr-acdaptad moelkalsiiltidteanttiioanl liyn pi utt@rr cavnes f tiploe t li v reqn
revegetati on measures.

Te SCENABRI®0 has a strategic di mension extending beyonic
company to reposition part of -eictosnoarperaattiionaly rbod eclo ntbad

rehabilitation needs waitlhabtlhee rpersoidduucatli vnea tuesrei aolfs .avWher e
does not absorb total production capacity, the scenario
that the relevant product qualltnysxzates egwimptocty pc omddic
evolve from a purely internal support function into an
and |l and management .

The main coinlser 8CEBARID®e from the need to secure relia
waste and straw, which remain indispensable components
operator would therefore become dependestfoomsthébél agiriod
and fpoodessing sectors. Additional challenges include f
competence in composting operations, manrgmerfteedsamd ke
compliance with relevant regulatory procedures. Consequ
t he mi ning company has substanti al and recurrent rec
infrastructourgmniioomdalt cempacity to integrate compost pro
management strategy.
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Feather waste
supply
External supplier
(agri/food/processing
sector)

Mining company Final compost Post-mining land

Straw supply s
as producer Composting process product reclamation
External supplier
(agricultural sector) Implements and operates REECOL technology Soil-improving material Use in site rehabilitation
composting system for for land rehabilitation and revegetation

land reclamation

optional sales (if surplus)

Agricultural market /
land management market

Optional external sales of
surplus compost (subject to
quality and regulatory
requirements)

Fi gwWrSeSCENARIV@Ql3e. chain

3.4Cdmparative scenario |l ogic

SCENARR®SBrepresent different but equally plausible inc
t he REECOL ft(Feicghinjotl ®@QENARI Ot he dr i vivnaglsafroioocnef é 8t héde wast
the creation of a mar ket abl s CENARY Ott htey dirHevi mgstfeoracwn

demand for reclamation materi al anduttheosat imathe nigo 3 tamtd
management. Accordingly, the two model s dif fnedr bienn etfh eti
distribution, even where the underlying composting tec
For this reason, both scenarios are retained in the p
cases. Together, they make it possible to test how the

depending on who bears whloeciapvestementhecoat n benefits,
and product fl ows are-basganiappd.oathi § ssceomariidered part
current stage of technod olgy dnapgluoy mgnt whatbad edradnidn dtut y
i mpl ement ati on may take different institutional and bu

[ COMPARATIVE SCENARIO LOGIC ]
I

SCENARIO 2 SCENARIO 3
FEATHER WASTE OWNER MINING COMPANY
AS INVESTOR AS PRODUCER

Figuroghe defined invesSCENARABNR@®Sucer

3. 3CENARADal f ®iags her waste owner as investor
Il n heCENAR3, @¢ feat her waste owner acts as the principa
production system. The business rationale is based on c
i nt maraketabl e compost product intended primarily for
external s-amprasiagsmateri al
For the purposes of the present asseddDMe Mg, odnnfuianlalpre
compost. This output l evel is treated as the commerci
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industrially relevant production scale. The reference ¢
20% waste feat hecrasl,oranfd c2009% glnow e .

The assumed sales structure is mixed. Of the t estealt oarnnu
customer, corresponding to the compost demand associ at e
applicati oMdgdrhat e Tdhife XT®5mMai Mg ngs lassumed to be sold to
potential agricultural users, subject to regulatory app
SCENARIfQ@Qrther assumes that the feather awmastdestef@am ica
purchase cost and no separate transport cost. By contr
lignite is assumed toalse @wvaitl|l dlulte twi trlequti rpunacnspor:t
within an indicative distance of wup to 100 km. Product

t he mohlereasv transport to other cupsttioome rtshaits tehxocsl eu dceuds t
the product themselves.

The cost assumptions wused in the scenaspeciafriec bamsgidne
judgement, indicative supplier |l ogic, and mar ket benchi
is consistent with o¢hteedbrfoad svtarawbptitgsrep Poland i
substantially depending on bal ewtwvwpagr oegimidlshte. pursde ddl ir
for electricity i s also justified by continued vol at
wWww. i eewwavr guener.gy. |l i ve

3.50PEX indicativperapeemptvieows i nvestor

The annual operating cost structure includes feedst
mai ntenance, quality control, insur aneae,i oand nciorsitsst.r afrthiev
of these estimates is not to establish a final operati

cost sensitivity acr aoandalflfteedrhmat3i ve commer ci al

TabB8CHEARI20i ndi cative OPEX assumptions

Cost item Assumpt i ¢ Not es

Pl ehol der range refl ect
conditions for straw

Q
(¢]

Straw purchase 5090 EUR/

Straw transport 1020 EUR/|Assumes supplier proxi mit

Waste feathers 0 EUR/ Mg/Assumed internal feedstoc
Assumelsocati on or direct i

Waste feathers 0 EUR/Mggenerating facility

Lowal orific |ig¢ 0 EUR/Mgé\zg;’med residual material

Lignite transpg 1030 EUR/|Assumes -awiena npgr oxi mi ty wit

Transport to st 1030 EUR/

Included only for the 150
cust omer cl

i ent

Transport to ot ExcludegAssumes customer coll ecti

cess electric

Annual electridl20014000 E ncludes pro
| l'y powered

ectrical
Annual water c¢cg 20003000 EYPl aceholder wutility assum
Annual l abour ¢ 8000 EURAssumes 2 employees under

Annual mai ntengl>»00329 EUAssumed at-55%ppfoLAPEX

Research Fund Cefunded by the European Union Vi ews

for Coal & Stee those of the author(s) only and do not Co-funded by
Union or [name of the granting author the European Union
granting autkobdi respansbélk for them.



http://www.agronomist.pl/
http://www.iea.org/
http://www.euenergy.live/

i REECOL Del i veaSapPeagz?

Annual quality 5000 EURIncluples routine quality

| aboratory anal compliance checks

Annual insurang 2000 EUR|Pl acehol der overhead assu
Annual admini st 2000 EUR|Pl acehol der overhead assu
Annual mar ket in Refl ects customer acqui si

costs Lo EURfor-cnoonrtracted product vol

OPEX values are indicative (uncertainity is N30%).

The annual electricity estimat eéoush melsds e eir ratt @ ndprr eetsesdi mg
proxy -Abeadawhol esale power prices. This distinction is
not reflect the full delivered cost paid by industrial

electricippomaskehe sise of a -pange esat hmat ehan a singl e

Basedthben assumptions adopted, tot al annu&400 COPEWXR iisn etsh
optimi st2l87BWR ei,n 2t he ba59EBcBEBYR,i andh& pessimistic case.
indicative operatingEddg M@EEFURA pMgr, @ & hhiRk/tMg ,y rle@pbbhei dely

Tab4 S8CENARI-Dot al (OPEX mi stic, base, pessimistic).

Vari ant Tot al OPEX (H OPEX ( EUR/
Optimistic 184 000 123
Base 221 875 148
Pessimisti 259 750 173
The | argest cost components in the scenario are | abour,

is therefore particularly sensitive to bi omass prices
assumption of zeforatgqatbhetsoandobitgnite significantly
of the scenari o, but this advantage depends on the con
assumed cooperation model

3.5 CAPEX indicatiper apesatmpte omfs i nvestor

FOSCENARIthCe indicative capital expenditure required for
the composting system itself, site infrastructure, aux
regul atory and certificdathieomproadautcd n etedsligaréotti @ apl ace

TabbS8CENARI-Ondi cati ve CAPEX assumptions

CAPEX item Esti mated valu
| ndusstcrailael system for dyna 30000
Warehouse / processing are 15000
Other installations and au 4000
I ndustrial shredder 3000
Smal | |l oader 6000
Procedures, permitting and 1000
Wei ghbridge 3mWo00
Total CAPEX 63000

CAPEWal ues ar eurn mdit tgahiBro)ge (
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The estimated tot £128i00v €JRmendthi csowvtaliu®e should be treat

estimate only. Actual CAPEX will depend on the final pI
automation, site preparation needs,and iwhetyh ecro ncneerctta iom
purchased, | eased, or shared with existing site infras

3.5STENARLOmMmMerci al sensitivity and payback

For the base case, the following assumptions are adopt
Tot al GARBHDXY: EUR

Tot al annuaB78BRX: 2

Annual pr o5d0u0c tMgon: 1

Base oper at8ElUR/cygst : 14

On this basis, a simple payback sensitivity analysis w
prices. This calculation is intended as an initiay, comr
financing costs, taxation, depreciation eff gTatsl)e diownt
Tab6.S8CENARI-®el | ing price sensitivity
Selling| Annual re Annual O At\)ner;tgarle %peeprraetcl Payback
( EUR/ Mg ( EUR) (basEUR) financing ( (years

175 262 500 40 625 15, 4

200 300 00O 78 125 8,0

225 337 500 115 625 5, 4

221 874

250 375 000 153 125 4,1

275 412 500 190 625 3,3

300 450 000 228 125 2,7

Under theaskasassumption of amhdh@waMgpanduani aweofagé sell
EUR/ Mg, the indicative operating mar g6 bAdf drhé sc pii tcael
scenario yields an annual operating margin BhebBORe dep
corresponding to a si mpl8 ypeaayrbsa.ck period of about 6

These results indicate that the scenario-tmay omgc smed | ¢
prices, provided that a stable sales structure can be ¢
Conversely, at sel I0i ElJRpMigGced hel o neresttanehd acamme rbeeicaolme
perspective. Thi s confirms t hat the wviability of t he
positioning, offtake stability, and |l ogistics efficien:

3.584 rategic mining customevamisanth)e only customer

A highly cons elS\WCEtNiIAREMy abieactonsi dered i n which the min
only customer of the investor and purchases compost exc
to 150 Mg/year for the rehabilitation ofMdliba.haUyear @l
assumption, and at a reference selling price of 200 EU
onl y0 0300 EUR.

At this | evel of sales, the business model is nbb00econc
Mg/ year. The annual revenue would remain far below the
i nvest ment case would therefore be commercially unsust e
str-eest result SCREUNARADepe ntdhsatf undamentally on either h
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successful access to additional external customers, or
with the |limit@dboéfvake vol ume

From an analytical point of view, this wvariant is usef
al one cannot justi-dyaltedhei nwaeggtementndiufstirtisaslannual demanc
a 10 ha reclamatsoohpaogaasaemet hénmining company may st
customer, but not as the sole basi ssifdoer ptrhoed uccotmnoenr cnioad e

Tab7.8treasi ant compared witl orasS&CERAMRMEr ci al case

. Annual Sellingl Annual re - .
Vari ant vol ume (EUR/ M ( EUR) Economic inte
Base commer Potentially vi
1500 200 30000 on OPEX and

case .
assumption
Stress-méas @ Not viabbe@oOf
company onl 150 200 3000 Mg/ year pl

The economi SCENARII Bi ttyheafef ore driven not only by produc

ability to commercialise compost beyond the initial str
The stesssvariant therefore shows that, where the minin
remains | imited to approximately 150 Mg, commer ci al Vi
scale production madelks, | niabchityrwombtd require eithe
price orsaabkeamai heest ment configuration aligned with the
This highly conservative variant further suggests that,
annual demand is |imited to approximately 150 Mg, the p
I n such a casepseéi sbétingepcome would need to be signif
sales volume, or the investment weuwlad ensgdttean b riempgll err
to the secured | evel 0500 ev@arde d Acctcioard i fnagd iyl, i tay 1woul d

based solely on a single reclamation customer with rela

3.5P®2rspective of the mining company as strategic

From the perspective of the mining company acting as
procurement of 150 Mg of compost, corresponding to the
rate Mgghdah5 Basic assumptions:

Recl ai med area: 10 ha/year

Compost demand: 150 Mg/ year

Compost purchase price: 200 EUR/ Mg

On this basi s, annual expenditure on compost amounts t
pungnnommnNBEUR/ year

This corresponds to a compost purchase cost of:
omTmip T cnmBEUR/ ha

excluding the mining company's own costs related to I

incorporation, and site supervision.

3.5C®bst of reclamation attributable to REECOL con

From the mining company' s SP@ENARI0E waotewl, i mihteed el @ vainrcec |
The wuse of compost may also improve reclamatiompperfor
bi ol ogical activity, water retention, and vegeviaewed es
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solely as a purchased input, but as a functiontadr nrecl .
environmentmdnagnaemdmtndval ue.

From the perspective of the mining company, the compos
solution in itself. Rather, it should be considered as
also involve | eguasupmporhéemgr @vagt speicmersqyviamg andarndm
selected accopaeadinfgi ¢ or esguier ement s . I'ts main function i
gual ity of degraded soil, therékbwmenmprygvieg!| amatebhe mei
Under this interpretation, one of the main benefits fol
needed for biological reclamation, particularly during
to soil oerrg aanci ccu muoial tatt i o n mi crobi al activation, moi st ur
compost may support faster establishment of a function
For the mining sampagyeff lsiesn tmaner gmrid i cant practical
compost is used in combination with othedakrecéamapiubn n
Where the mining compaoagl @alisfoi cowastidukiegnilioev to the ¢
beyond that of a conventional customer. I n such a <cor
i ndustrial symbi osi sl moadteehrisadhliandi nt Ihi reknsy i r @nimewnd al rehabi
strengthen both the operational |l ogic and the strategi
I n order to include other <cost attributable to compost
spreading and incorporation costs should be iThachl8ueded a

Tab8€ost of recl ama®REECQhLMPOISH CHE MbRleO

I 't em Val ue

Compost application rate 15 Mg/ ha

Compost purchase cost 200 EUR/ Mg
Compost cost per hectare 3000 EUR
Compost spreading 80140 EUR/ ha
Compost incorporation 100180 EUR/ ha

Site supervision/ quality 3070 EUR/ ha

Tot al recl amation cost at| 321390 EUR/ hg

3.5 Ehvironmental and strategic implications

The vaBCENARIIGE not l'imited to direct revenuessatndofope
environmental and strategic effects that are relevant f
From an environment al per spevcaliovreiod atthironslcematri® cuppod e
streams, most notablyalf @eraitthieec Iwiagniet andl notwead -0&l nue mai
byroduct, these mater i aprso daurcet i ivrec opraptohrweatye dl iinnkteadn dt o s o
reclamation. The resulting compost may contribute to th
activity, improvement of soil structure, andmiemihrag cermead
From a strategic perspective, t h es esccteonra r @ @o pecer reaattiemsn ab eft
gener at ifrorpgdagroimpani eseathar mieedlngmati on operators. Thi
strengthens-et¢tbhreomyi rgcue asbé utoifont hand may <create the ba
partnerships, demonstsrcatlieon mpr ejmentta,t i o Isarhgeeres. The p

out put beyond the strategic reclamaiidn |l ¢tyt @omern hal sno die
i f agr-maukéuratcess can be achieved undgeuraltihtey rceolnedvianton

Al t hough these benefits are not monetised in the presen
shorten reclamation timelines, and improve compliance w
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3. 8CENARd Ml ymsins ng company as an investor / produ
In $GENARI Ot he mining company acts as the principal i nv
system. I'n this model, the primary rati einmdreoviisngt hneatiel
intended to support t hetnbiinolnoggilcaanld .r efchlea mma tnii nng ocfo nppoasn y
the producer and the primary user of the compost, whil e
external customers where thisasidvleconomically and regul
For the purposes of the present assessmenbpPOaMgualf pia
sal eabl e compost, in ordert hteo SnCaE hét Rald Ont oc ormpfalr eaddti | a t § ¢ awl
i ndustrial operation. The reference compost compositioa
feathers, @t o20%ilcowignite.

Wit BCENARI Ot he mining company is assumed to use part of
purposes. At the adoptMgdhaapptlhe artdloanbirlaitteatoifonl5f 10 he

150 Mg of compost annually. This means that even a rela
a baseline I evel of internal demand. Atsttihlel skenee d o nmen
relevant if the mining company intends to place surpl uct

sector, provided that thequelievanteqgeigudéRmeégodriye and Ppubu

“_@ MINING COMPANY
BB 3s an Investor / Producer

2
La|

OPTION 1 OPTION 2
Baseline internal-use case Expanded production case
e =
150 Mg/year @ 1,500 Mg/year
@‘k aly 1, aly
150 Mg/year - 1,350 Mg/year
@ HiEnasatsealy @ internal use + o-a external sales
@ All compost used for the company’s @ Part used internally for reclamation,
own reclamation needs part sold to external customers

Fi gUurlSCENARI-Dasel i neusentpgperrmdadcti on vs. expanded prod

A key distinguishing feature of this scenario is- that
calorific lignite, is assumed to be available directdl
strengthens the i mphe mandealti by pagiicalolfy tintegrating
dependence on external sourcing for one of the major
straw remain externally sourced materiapbsendandnt hbevEbEa
accessibility, and |l ogistical cost of supply from exte
From an i mplement SCENARIm&rssupnect itvhea,t compost producti ot
broader environment al management strategy of the minin
acombination of direct and indirect benefits, i nclud
reclamation inputs, improved control over the quality
savings in biological nr @col acnraetaitoen, a dadnidt itomeal ot cueOott hr
reqguired for intedTanbal)e r%cl amation use
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Tab9.8CENARI-Dasel i neusentperrancadcti on vs. expasdegdgt ppaducti on
Paramet(Basel|ne-U|st Expanded prag Not es
case case
Smal |l er case refl
Annual <col reclamati on deman
producti ol 150 Mg/ ye 1500 I\/lg/yeassumes surpl+us p
external sales

Recl ai med At Mgoha, 10 hal/ye
covered i 10 hal/ye 10 hal/year 150 Mg
Applicati ( 15d ha 15d ha Equivalent to 1.5
Compost 60% straw| 60% straw /
compositi(¢ feathers / /I 20% I ig Referemee REECOL
Lowal orif 0 EUR/ Mg 0 EUR/ Mg |Assumed interna
purchase ¢
Lignite 1t 0-10 EUR/ M 0-10 EUR/M(LOW or negligi-di e
cost 1or rmseare
Waste feat 0 EUR/ Mgcws| 0 EUR/ Mgc st Depends on contra
purchase ¢ waste str waste strgfeather supplier
Waste feat 1535 EUR/ I 1535 EUR/Mlncluded in Scena
transport feathers are exte
Straw purt 5599 EUR/ 5090 EUR/ M Placeholder range
cost variability
Straw trat 1020 EUR/ I 1020 EUR/MAssumes supply wi
cost 50 km

150 Mg intelExternal sales as
Sales str| Internal 4 1350 Mg extelexpanded case
e s el ng Excluded o I ncluded|Rel evant only if
sales cos{
Ma|p busif I nternal r I nter Hmslabés Distinguishes the
rational e support surpl us

3.6 SCENARI Odicative OPEX assumptions
The annual opreuat uSn@E NAAdRIth sltudes feedstock procurement
l abour, mai ntenance, gual ity control ,SCaEMNIARA dOMihnei sptrreaster
scenari o assuménrihiat lownite is availabl eewbtabin
reduces dependence on external sourcing for that
remain externally sourced, meaning thaicananspettdande
A second important distinction concerns the cuosnemecracsiea |
compost production is treated primarily as an internal
dedicated marketing or sales cost is assumed. I n
placed on external mer kzat § onadaodist isomale ¢ mmmhuded
mar ket placement, an(@alalssot®ated handling
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Unl SCENAR] Ot he objective of the baseline case is not r
internal production of reclamation material. Consequen
primarily in terms of avoidéedeptocomementatoptefiawbet

Tabl@SCENARI-Ondi cative OPEX assumptions

. Baseline-uisref Expanded pra
coet 1EEn case (150 M casesb5qQ@ Mg/ y Net e
Same benchmar
Straw purchad 5090 EUR/ M 5090 EUR/MScenario |
Assumes suppl
Straw transp 1020 EUR/ M 1020 EUR/Mapprox. 50 km
Waste feathe Depends on co
purchase 0 EUR/ Mgcost O EUR/Mg-cos;tmoolel
I ncluded beca
Waste feathe 1535 EUR/ M 1535 EUR/Mare external |
Lowal ori fic Assumed inter
purchase 0 EUR/ Mg 0 EUR/ Mg stream
. . i ) May be neglig
Lignite tran 0-10 EUR/ M 0-10 EUR/Msitelogistic
Baseline case
Electricity 120901400 EUR lzéagllﬁggr proportionall
y expanded case
Baseline case
Wat er 200300 EUR/ 20003000 EUR/proportional/l
expanded case
Assumes parti
Labour 8000 EUR/ Yy 8000 EUR/ylallocation -in
scal e case
Smal l er syste
Mai nt enance 2-5% of CAP 2-5% of CAP/remain rel-ati
intensive per
. Basic quality
Qual ity cont 30005000 EUR 5000 EUR/y|remains neces
anal yses
cases
Il nsurance 10002000 EUR 2000 EUR/y|Pl acehol der a
Admini strati|] 10002000 EUR 2000 EUR/y|Placehol der a
Mar keting an 0 EUR/yea 1000 EUR/y|! NCcluded main
9 y yexpanded prod
Better treate
Intecrmsiuls O.f Excl uded N Excluded Hhrecl ansaitdieonop ¢
spreading/in
costs
OPEX values are indicative (uncertainity is N30%) .

| BCENAR3, Ot he OPEX structure IiISSCENAREMAid| t obadddsee fffhe
company benefits fremldirrigdtc ddages s et,o0 bluaw must bear th

feather waste from external sources. As a result, t he
i nhel wasslsaetr iaotn t he feedstock source and more on the b
demand, external feedstock Il ogistics, and thehmpoeedi bi l
reclamation materials. In the expanded pr odudcetpieond ecnas,e
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since the sale of surplus compost may be necessary to

mining companyé6s own internal annual demand.

Becal BLENARIIOncl udes two distinct operati ugel caqisces ,anrmdan
expanded production case, tot al annual OPEX is presen:
necessary because wubBe <s<m@aslel ers iarktecearenaalt @od awi amnual e X
significantly higher unit <cost, reflecting the | imited
the expanded production case benefits fr onabster obnagseirs sf
combining internal recl amat i dhatulsedsPwlilt h potential exte

TablEBSCENARI-Dot al OPEX for t-hseebaaskine internal

Vari ant Total OPEX (E OPEX (EUR/ M
Optimistic 24850 166
Base 3350 221
Pessimisti 41450 276

Tabl2SCENAR3I-Dot al OPEX for the expanded production case

Vari ant Total OPEX (E OPEX (EUR/ M
Optimistic 18000 13
Base 221 875 18
Pessimisti 259 750 13
For the basalsiene aisret e ramailu a l electricity and water cos
production volobme, Mgkyeaagr thhe&@sd4d as the reference and sce
for a 150 Mg/year operation. The coofpani somrflemodns At &1

expanded production case requi r e sexspuebnsdtiannutrieal Ityh ehiugnh er
decreases -R7T6mEURG Mg in the D-alsBeHURVeMgc assiamgptrdd he2 over al
competitiveness of compost production.

3.6 STENARI ®&dBcative CAPEX assumptions

From t hei ncvaepsittmaelnt PEENARBIaMriyva,equire a broadly similar
to that aSGHNreRE, Yimce the core composting process remai
same general CAPEX structur e-iinsy ersatmeinted as® .t Ho wee/fear, e
mining company, the composting i nstoaltlhaet ieoxni sma yn gp ootpeerrte
togaeater extent than in a standalone investor model
including handdti orga gequdrpareesn,t ,ut il i ti es, weighing facil
may already be available on site.

For this reason, two CAPEOEANAIRA mMiTsh earfa rdits tiianwpaidrtetfesdt ei
case626600 EUR, reflecting a dedicated projestteonbhbgur.
which the effective investment requirement maysilbe | o\
infrastructure and, whesabkesiamppliftiadd et e@ahmsimadll econfi gur
indicative total CARBDX iHEURekskri mated for 230
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Tabl8SCHEARI3OIi ndi cative CAPEX assumptions

. Baseline-uianExpanded pr
SaPEX 1T case (EU case ( EUHR @i Es
Il ndustcrail sl ?g;ﬁif(;g?elsiwg?u
dynamic co 15000 30000 in smaclalleer or si
system . .
configurations
Warehouge 3M000 15000 May be reduced i
processing infrastructure i
Ot her inst 200 4000 Depends on exi st
and aut oma control systems
I ndustrial 1500 300 Still assumed to
smal l er
May already exis
Smal | |l oad 0 6000 site in toaskent e
configuration
Procedur es
permitting 19000 13000 Still required
certificat
Wei ghbridg 0 3000 May be shared wi
facilities
I ndi cati ve I ntegsatedl!| ogi c
CAPEX ASUO0 G2DDE materially reduc
CAPEX values are indicative (uncertainity is N30%).

The refediaeanestimeint case assumes that the mining compan

a dedicated project with its own handling awsdtsupgRpserrt
assumes that sel eesteetda sesxeitsst ionrg fraicniilnigt i es, such as sto
weighing infrastructure, can be used for the composti n

site range may alsscoalree folrecsti map |sigia lrelade itcerc.h nkFacralt lciosmfrieas
CAPEX r equiSrCEMARBIMAay be substantially | ower than in a ¢

3.6 STENARLOmMEerci al sensitivity and payback

| SCENARI Ot he commerci al interpretation of the invest me
is used primarily as an internal recl amati amdompploe te df U
production model . For t hissmerneta scoann,n otth er eel cyo neoxnti I cu sai svseel sy
Adi stinction should therefore bes@madasbetiweewhidble blas el
produces @didmpgagstifom its own reclamation needsch amd etrhneal
use is supplemented by external sales of surplus outopu
I n the baseulsienec aisnet,ertnhael annual demand associated with
to approximately 150 Mg of <compodvtg, ha.s sAutmitnhgi sa ns cagplpd ,i ct
system is justified primarily through its operational
revenue. Accordingly, a conventional simple payback an
refclt the economic rationale of thequegésoments. nbh obhi s
value of compost, but al so the extent to which inter
reclamation inputs, i mproves control over materi al gua
robusti dalolrogcl amati on.

By contrast, in the expabtdkd/ peaducthenmicamaisegoé¢othpany u
internally and seeks to place the remaining volume on e
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can also be assessed using a commer ci alSCENRARL tOiwhiitlye asdp
recognising that i nt er nal-maurskee tp rvoavli udee sc oanmp candednitt.i on al no
For comparability, the following base assumptions may

Tot al GABROEDX0: EUR in the nvefseamemde cfaslel

I ndicati veiitret eCArPEXHd E B3R, depending on the extent of
final technical scale

Annual pr o5d0u0c tMgon: 1

I nternal use: 150 Mg/ year

External3salMg/ydar

Reference selling price: 200 EUR/ Mg for externally ma
Under these assumptions, commercial sensitivity depend
compost, the extent to which annual OPEX can bsitentr
infrastructure recxdes nadnt muardkaedt i sl fabtlee t « oartmeearch atl H ey
acceptable price, the scenari o may combine internal re
However, i f external mar ket access domeve alke s daegemdan tn
financi al return and more dependent o0 nRsiadveo ipdeerdf oprrnoacnucree
A simpmlydback approach may therefore be used only for t
treated as a preliminary commerci al indi SCGENARr@s heh t |
an indicator does not include discounting, financing c
annual sal.es vol umes

Tabl4SCENARI-@Ot erursael equi val ent v.alue (150 Mg/ year)

Reference exter|Fi xed awnadgrcagqal.i Equi val ent avoi
price (EUR/N (Mg/ year) cost (EUR/ ye

175 2&50

200 30 000

225 3350

150

250 3/500

275 41 250

300 45 000

TablBSCENARI-@@ui val ent annual econb0d cMg//ajyareer )( expanded 1

External c¢c(Avoided pur ¢ Sales revdg Total annusa
price Mg ) (B50 Mg) ( EUR)
175 2&50 23850 26200
200 3000 27000 30000
225 33750 30350 338300
250 3500 33300 37600
275 41 250 371 250 412 500
300 45 000 405 000 450 000
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The resultsnTmhélkeddnhd emdonstrate the different economic |
variant s. I n t hues eb acsaeslei,n et hientperrinmaalr y benefit arises fro
supplied compost, with the eq629aEeRtZ0®&N rEWRI dweagplemna i magn g
assumed mar ket price.

In the expanded production case, the mining company ben
with internal compost use and additional revenue genertl
reference selling pcomkei néd280n EUIR/ Mgonoimiec val wed 0amoun
EUR, compbiD®i E® R30f avoided pr o0cOwOr eEneRn to fc opsottse natnida | 2 7s0a |
These values should be interpreted as indicative measu
composting system rather than as estimates of annual p
depreciation, and aortehenmrotf iinnacnicudaeld . f actor s

3.6.4. Perspective of the mining company summarized

| SCENARYI Othe mining company i mplements and operates thi
own reclamation needs, while retaining the option to s
subject to reguduwdloirtyynamaehgpiurogt ¢ ons:

Recl ai med area (internal): 10 hal/year
ApplicatiMgihmaat e: 15
I nternal compost demand: 150 Mg/ year

I nternal operatingusestag®dPs EBRhgeiamt er nal
CAPEX forusentseystadm (i ntegrated/fO9m@alElURr configurati on)

I nternal PCHEMNARBIE Oiomuéenal
Annual OPIESX0O =EBR3/ year
OPEX Mgr 3%0 / 150 = 221 EUR/ Mg
OPEX per helcStOar/e 313053-BEWBR/ ha (excluding spreading/incor
Annualised CAPEX for 10090a¥isl10f =op8r 8000 E&YR£+EYy230
Ful | internal fcost to serveo (OPEX + annualised CAPE;
Il mpl i ed iMdcersnal= pber3HB40 EUR/SNg
| mpl i ed p=56 1h5e cEWR/eh a

3.6Cost of reclamation attributable to REECOL con
From the mining companyb6s POENARIOB wioew,) itmhé¢ edelt ®v @ln ¢ &

I nternal compost production and use may iIimprove reclam
butulpd biological activity, water retention, aodl|l deget at
be viewed merely as an internally produced input, but

generatdelromgegeanvironmeahagemendt | aaldue.

The compost should not be regarded as a complete reclam

as part of an integrated biological reclamation-strat ¢
supporting pl ant o:mmdciimpi,bvamd adnkintdiment s selspetced i ac
requirements. I'ts main function is to enhance the biol
i mproving the effectiveness of complementary reclamati o
Under this interpretation, one of the principal benef.i
ti me needed for biological reclamation, particularly du
soil or garcicu mmatat eona microbi al activation, moi stur e
compost may support faster establishment of a function
For the mining sampagyeffleicta tsiamygenriegprceasnegntpracti cal adv.
compost is used in combination with other reclamation n
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Where the mining compalnyr iaflisco wastle sleisgrdiotwe as one of t

extends beyond conventional i nput management. | n such a
broader industri alt dy mkisogies aidadd athlit emvak onment al r ehe:
strengthens both the operational l ogic and the strate
management with | and restoration.

To capture the fpplicaeastomf tmeéeamalysais should includ
and capital costsi({EARDX)t,s toHe compost spreading and

supervision and quality conhablol. rel ated to field appli

Tabl@éCost of reclamation attri POEMARIEOt o REECOL compost it

I tem Val ue
Compost application rate 15 Mg/ ha
| mpl i ed i Mdceorsnta l per 374 EUR/ Mg
Compost cost per hectare 5 6HUBR
Compost spreading 80140 EUR/ ha
Compost incorporation 100180 EUR/ ha
Site supervision/ quality contr 3070 EUR/ ha
Total reclamation cost attribut i 5 8- 0BUR/ ha

3.6 Comparative winBBENAZRANt ircant i onal e for the expal

Unit economics (reference external price 200 EUR/ Mg)
Spreading/incorporation and supervision are the same f
| SCENARI(Qurchase focosecpamadtDddh EURGIMsal 0 ha

I n SCEN3XRINQ er nal) pcroosdtu cpte B06nh 8 c EdfRemh a0 h a.

At the 10 ha/year anchor and an B8CENARME®G hreomrch neaxrpke nosfi

apelmectare basis once CAPEX is included. I nternal produ
nedrerm unit zaxtoisdan MEAEINAERIIc@Gn st atl ohal at whCnhal/year
supply security, product qualitiyticoatrod,reaoaldacatl i over
timaving effect in biological reclamation (earlier s
value for | and management

external prices are, volatile/lseasonally high

grants-iot egirta¢i on | ower effective CAPEX.

Ot her wi se it is recommended for mi ning company recl ai
expanded production case and i mprove cashfl ows with sa
3.6 Ehvironmental and strategic implications

The va3QENAMEeQRt ends beyond direct operating costs and a
It encompasses environment al and strategic effects tha
technology from the mining companyés standpoint.

From an environment al perspective, internalal pr odfati bal
underused residual mad a&lr o rail fsi, ¢ iIni gmirttd cav airl dmlwe on sit
wast e. Rather than r emai wiard g-pa bdliuxcpgags alh elsiea bmaltietryi adrs la
productive ¢adihmwagt Ily ntke s oi-nhi nimpg olvaennde.n tT hoen rpeossutl t i ng c
to rebuilding soil organic mattyer ,i mpriomulnagt isnog | s ositlr ule

wat-reet ent i one fcfaepcatcsi ttyhat are particml aihyg sebsevantebn de
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From a strategCENABE@pbEtesvehe mining company to interne

value <chain, i mproving control over amendment quality,
wi t hin ansyimbd wstirsi aflrsda mewdrikgnipdgrrom diust uvel ysewwhile coopel
partners (e.g., feather and secawomypptobrkg oetreagt hmact
production exceeds intefnall aceéeads suripéuposoimpiolbifteyon ea
regul atory-qamadi pyodactdbi ahcategic flexibility and can s
projects, wep.future scale

Al t hough these benefits are not monetised in the pres
advantages over time, including reduced dependence on e
stable Dbiological nrcedl aaraitgnmmentanwi tehnheanvi r onment al obl

objectives.

3. Marlaeal ysbussianeeds s r on ment

The mar ket environment for bioeconomy, <circular nutrie
morfeavoufabltthe commercializati onbade d dyvainl.dAadmrsreoiEursdo pae
policy and market pressures are encouraging the replac
derived from biological wastTehe tgleambmesl aonrdg areiccy cfl eerdt imaitz
t o reagh b313 i on by 2029, wi t h a robust GR)omp,6 %nldl An
(https:// www. mar ket sandmar kets. com/

The primary target segments for the REECOL c o nfipooosdt in
enterprises, municipalities managing organic wast e, g

degr aderdi mpiosg areas. Whilse dhwendanmtr emitt mastkendard or gan
di stinct niche for products with proven hi glhn btihd oRyd Icia:

context, significant market potentiabukekigthbcarmsreguppet
feather waste fraction) and proxri miury- w.o doingpnaintiee smilnieks
(https:¢v gp)e,emivhi ch i ntegrate advanced soil monitoring
growing demand sfooirl icnonnodviattiiovnee r s . This demand is furt
frameworks, including the European Green Deal, the "Fa
which provide financial and regullathoerayl tshupport for ini
3. &ommercialization pathways and competitive adva
Commercializati onmomgosdgtheb&KkEEXCeOdut ed through sever al S CE

Il icensing, own pi-pptvartedpatioarspupsi ¢EPPP) , orhohwy br i d
is a particularly attractive strat edkyetfsor( dsagailfiinkgs i tahhoer

America) without requiring high capital expenditure (C
these models is strong intellectuatepriopethg pubjecti o
applications in Poland (P.455182 and P.455181) covering
mi crobi al Aikegutompetitive advantage of the product is
high miner al fertilizer prices. Analysis suggests that
expensive than the operatingodostisolf OPEX)emf phev I IREELC
| oovost raw materials | ukehéemoheyrsumahidkestsamwtheétic fer
l onigrm ecosystem benefits: it increases organic matter
structure, which is critical -basethdawsatcassful recl am
3.%28egal conditions and product certification

Pl acing the compost on the market requires compliance
centr al act at the European | evel is Regulation (EU) 2
Waste Framework Dirdgctoimvea (CdD20mn®/rx8/aBEC)z.ati on standpoint
be formally <c¢lassified as organic waste that, through
becomes a valuabTlke soét tiifmpaoatvieon procesrsatmugyt ainrav gls\e

confirm the product's safety, specifically the absenc:¢
conducted during the project confirmed that the REECOL
Pb, cd, Cés,ePahdvZnpblAd ddd4d iydnin accordance with the Po
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Fertilization, the product mu st obtain specific per mitHt
Ensuring repeatable quality and biological stability a
l otgr m mar ket seucchcrecslso goyf. t he t

Sources for cost assumptions for technology for soil r
I ndicative operating costs were estimated using publicl|
Pol ad$%, agricultural mar ket benchmarks (straw prices)
and operational experience gained during REECOL pilot
on plant capacity, | ocalogbbbucscoand,cenergygtpal ceend,]
I ndicative CAPEX values were derived from publicly aval
of fered by major European suppliers (e.g., Egger smann,
engineering judgement asncda | eex piemp leennceen tfartono np iwWwiathi n t he
invest ment costs should be verified through supplier g
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4 . Technol og9yo fmaechtacdn hndatoonhrol of soil p
use owashtieo

Wit hin Task 4.5, KOMAG performed ac pnted dtenihsadairfye claso oagwnl
devel oped un(deke|Tavsek), edb.h2si dentei pd anni ng, i mpl ementation
of the reclamation process.

The analysis distinguishes between capital expenditure
were cal cul ehteecd aaore &dapdrs and related to the duration c
is based on data obst,aitreecd nd wrailn o efsiieglnd ptarriaaiet er s of t h
assumptions, and representative unit prices of materi al
prototype equi pment and suppoutiunsgiendgn fa -4 $ th e a cdgebptree c wa
approach, allowing them to be expraeud¢d sadotudndntebdr erce gaam
as indicative estimates 1intendeanatloyrzeeadlpproatti otnh es cceonnapra
scenarios differing in the scope of activities were co

ASCENARIr@p4d esents the implementation of t haenacloympgdet e r

ASCENARIr@p5 esents supplementary reclamation covering
only wdhceirtei anal intervention is indicated by environm

In both scenarios were evaluated using the same cal cul
426 was adopted throughout the analysis.

4. TechnoFogymmtnacte hadbdi ll itation

The technology developed under Task 4.2 o-tornthectRESECWLIC
rehabi bysaemonntended to suppmmirhi hhel aed|l aimadtiugh Dhepp
and speei fic applicat irdréslesdirRedlll)drAla@tl)igmm ¥matoen combi nes ¢

monitoring, remote sensing, spatpbak anabysi ssiupdoeratdeeds m
technol ogical system, enabling reclamation measures to
applied only where they are required.

S

Figu2.€ontactlreshhsabddielchhobagy during r.eclamation tr
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The technology is based on three complementary subsyst
subsystem comprises an wunmanned aeri al vehicle (UAV)

enabling the aecewiodiuttiioomddfmalgiegenanati on of vegetatio
Nor malDiZf#ddkrence Vegetation I ndex (NDVI). The second su
station providing continuous measurements of soil tempe
particulate matter conceémt rpatoivdad.e Tiohgeetthagi, s tfhers easaes
reclamation site and identifying areas requiring inter
system designed to perform the controlled @peldiedamniedn
operational scenari os.

The operational concept is based on the preparation of
the UAV and the environment al monitoring station. The
referenced by GPS copridianaetéeés caameénappgcenari os are ass
the current environment al conditions. The automated sp
reclamation operations with a high | evel of positional

As testeasgpeicn fdict@eondi ti olnsy dfuedthygr REEfCOtLhe adevel oped te
application of reclamation materials. Unlike conventior
mul ti pl e c¢ onmpeovneelnstpss, i etmheper f orms separate spraying oper
specific function within the r eclbaansaetd -osnelepdhomessur eni st
stablish vegetation cover,k f arveodaexhddat thieonms sfkorofs eedsg
bsequent and i ndepemwhdretr csperpatnisoirm,n d@ scamppdsted t o i
nic matter cont g¢gretr marmd obbgmobhht e egengration of t h
ired, additional treat ment s, s«ompasti mi xgariesn oma
ied out as separate operations. The separation of t
e appliead soupntdienfiozceodh e st i @t ended function, |improving
he 1t emm restoration of soil properties.

o 2N N = I S )

Foll owing the completion of reclamation treatments, the
Updated UAV surveys and measurements from the monitorir
effectiveness andiindgestuipfppy eanresndarryeqguwit ervention. This a
activities to be adjusted to changing environment al c
operational resources throughout the reclamation proces

Figud TG KOMAG drone operator during a flight over the
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The technology was developed to increasméeniimg ¢é¢fahmhecriecér
through preedirdsev,endemgpnd cation of reclamation material s
of water, seeds ande siontl e garneetnidome ndfs . mami t or i ng, spati é
operations supports mbr ki zdtnpecmerts tdeowmdd or mity of
facilitatkessedi deamaegement of reclamation activities.
The technology was designed, constructed and validate
investigations and field demonstrations. The perfor med
integrated system andidemesstrodt esds ptateehf e &t gets | amat i on
under real environmental conditions. From the perspect
therefore be regarded as an integrated rectiamgti-dacis9ol
support tools and automated sequential application of
future industrial deployment.

Pl ease note thatspéai the casei bfosstethe field tests of
REECOL WP4 and WP5 resulted-siprctlie cdatpel micmat ioon raft esi
and compost, whicahdodptfede-PhyBr@InGlt ROEEEGOR in their respe
scenarios for differdnt sshiotudsd and & oa bseu mptpiharss .zed t hat ,
the device tests at the Jankowi ce heap,sesdt addruckartd rteceliar
However, in line with the project assumptions, t he fii
selectedPIbB, GlhGose effectiveness has been confirmed in
resistanwater and temperndteurceosst raensad .y sbds fthire SEENARMI C
application rates were adjus-PeEB to bhdewvatoewmehiRaegptdad
technol ogi cal approach. On the other hand, tslhpeec ¢ 6 mp o
condi,highsighting the increased amount of compost requ

4. Assumpt ISCENARIIIOS 4 and 5

4. 2 Recl amation system

I n amael wcechari os, it was assumed that the reicihdmatéon m
would be used. A summary of the costs of the components
presentTaeld da ml7should be noted that this solution is of

correspond to the purchase or acquisition costs of the

The total cost of the protIIFPR ADInprinrelgitdse paasicgiheted § o o
aperiod of 5 years, this XI8o/rfBrlURsypelardst b ot he seasahatosata
wor ks, an effect zavtei oinnfpearsitaducafur @ months wasosaZFls@Bfmed,
EURmMont h of The sywsatseom.cost was i ncl udedEANARA OcSoatmdam de [5¢
was used for the further deter mi mattiioom aofosttlkse CAPEX sha
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Tabl&@Cost breakdown of the reclamampomemase ( SSENARI ©OBi Ag

Component Quant i Cost [E Tot al
steel construction 1 938, 97 938, 9
AFG1038B pump uni't 1 3170, 94 3170, 9
PR52 water spray nozzle 1 18, 31 18, 31
hydrant nozzl e 1 23,56 23,56
electric actuator 1 657,28 657, 2
.Pwlg'ico-;-gfgi-o,-192)/-213.0/48)300%AL9032 1 70, 94 70, 94
gear-3@R 2%1Q /5W1/-Bl13 KACPEREK 1 119,514 119, 5
I BC tank 1000L FI 150 Lid 3 134, 98 404, 9
BC mixers with IBC 150 1id 2 742,32 1484, 6
breather pl u@9SHE¥GEDP 1HIOendba + Ga n 3 6, 27 18, 81
1" PVC lock nut 3 0,14 0, 42
headuwty reinforced PVC sucti 1 13,59 13,59
HT10BO0liquid | evel sensor 3 48, 28 144, 8
| BC adapter connector, femal g 3 1,66 4,97
air preparation unit 1/2" FR 1 49,30 49,30
PU 12/8 mm 50mb 1 56,97 56,97
pressure transmitter Typ A1lO0 1 87,79 87,79
pressure transmitter Typ A10 1 87,79 87,79
el ectrovaM WeC DWH®D 2" 24VDC 3 121, 95 365, 8
el ectroveavad WeO DWH®OD 2" 24VDC 1 142, 94 142, 9
br aslsectrovalve 2V08 1/ 4" NC 2 13,17 26, 34
el ectroNE 4 WeC DN32 1 1/4" 24V 2 52,29 104, 5
other electrical eg-bupmens, ( 1 575,12 575, 1
generator set EXTRALI NK 5, 5k 1 821,60 821, 6
Tot al CpPEXOtype cost ~939HBUR
Total annual systesmeaostepsecmiangoh ~187BUR
eI PRI I AT - P
Union or [name of the granting author PR the European Union
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4. 2 Ennvironmental monitoring and UAV

I n addition to the spraying system, the analysis also

of site reconnaissance, assessment of environment al co

The common el ements of this infrastructure include the

processing facilities. The UAV infrastructure consider
a drone with accessor~L#&s3,EURIi th a tot al value of

asoftware WRIEWRKRID at 3
an online image hostj7AgUPYyadarf,orm costing 234
acomputer hardware for daTaEPYRocessing, valued at

Assuming a depreciation period of 3 years for the UAV
f

har dwar et,alt haen ntuoa | cost resulting rom depreciation a
amount §6BOEUWRYeBabl p. 18

Assuming repeated use of the equipment at different 1| o
flights per year, the cost o09XdURsingle flight was esti
I n addition, fBCENARL Pab mobebeoAl RS measurement statio
is housed in a mobile cabinet with a power supply sys
sensors for suspended particulate matter, at mosstpulreer,i ¢

together with an installation mast and aR7c&sBEWRRFers.t Teh
purposes of the 4taheudaeprenj asioai gher a perredpofhdbnyg

a costd4®URYear. Due to the seasonal nature of rzatliamat.
period of 6 months was assume,f ¥E UdRomornetshp oonfd itnhge tsoe aas ocno.s
the monitoring infrastfmMmaol®&re costs is presented in

Tabl&Costs of UAV and environmephSE@ENMBRKWOESo4ing infrastruct

| ¢ " " Tot al c¢ Deprecia Annual
ntrastructure c¢g9 [ EUR] | period [| [EUR/vye
UAV system 9389, 6] 3 3129, 8
Accessories 2347, 4] 3 782,47
Softwar e 3521, 1 3 1173, 7
Computer hardware f orf 6737, 1 5 1347, 4
Online image hosting 234,74 1 234,74
Totadnual cost 6 668,
Al RS measurement st at 5745, 7] 5 1149, 1
Totannuali colsadi ng Al 7 815,
Research Fund Cefunded by the European Union Vi ews
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4. B3CENARAMaIl ysi s

4. 3Srope DSGENARI O 4
SCENARIcCOveert he baseline reclamatnahyytpmddt me pt afb@metdiFe re

site monitori ngdeitserararnrei etdheouitni ti al NDVI map and asse
foll owed by the i mplementation stage, which includes
process is carried out in two cycl ésh, awphkkécagi onqaoif d
foll owed by appl itwaatteiro nmioxft uar ecompost

4. 3. UAV monitoring costs

| SCENARIL,Othe cost of site monitoring using UAV was in
infrastrucpumwmeeansdndgatfaci |l ities, aclcaohumwretds fa@assacidapeedc
survey flight, dargaanaifag $pore aeandt evdr keparately in the f

4. 3 Bhisis of the adopted assumptions

The assumptdiionngs trheegacromposi ti on of the reclamation miX
results of field trPrajsesctarabseded s aerd defce s dlatla

For theseneud cni xt ur e, a cellul ose0mukg/hhappind catgoass as

rates50bf/ ha were assumed. Based on the proportion use:-
approxi matlkegyoBOmul ch cOOO elLs poofn dweodr ktiongl | i qui d. I n the
volume of working liquid for600ik/ maxtuneawdstaenspyumadec:t
composition of the Mikkgt uorfe,s eaepdpss toexd mefdeplogntde n t he cas e
compost mixture, the application of a 5 mm thick | ayer
000 L/ ha. For t hi st -omaitxetrurveo | uamed o mgo srtat i o of 3:1 was

consumpt i500n0 oLf/ h3a7 of c®SDWp ols/t ha nadf 1wat er .

A summary of the demand for matélt®awbi hadt bei ITiathd & i s
The adopted parameters formed the basis for the subseque
spraying time, and unit reclamation costs per 1 ha. I n
constituteduitd ef @ra rsreieedr miiilixghur e; t herefore, the cost of
based hen unit price of water.

Tabl@SCENARI-Maderi al and utility requirements per 1 ha
Consumabl e materi|] Value adopted fo Uni t
Cellul ose mulch 1100 kg/ ha
Seed s o m-PGIBG 50 kg/ ha
Wat er for pr eparsaeteidonmio 36 600 L/ ha
18 750 kg/ ha
Compdgstom POLTEGOR
(37 500) (L/ ha)
Water for the compost m 12 500 L/ ha
Tot al water 49 100 L/ ha
Pl ease tmlhat, unli ke SCENARIOS 2 and 3, the compost apj
defined according to the requirements of the csompoystng t
water suspension from storage tanks, the compiolér guan

megagr(aMmpgs), as used i n SACCECNOArRdlDENSgi Ptecroafd IRBEEAC @lo mpost mi xt
has ~50% moi sturekgbmieavenade~b0Dk density.
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4, 3 A4sumed uniohsamatés e fmac er i al

The cost analysis presented in this section is based o
by POLTEGOR (see base variant in SCENARI O 2) and the ui
present edPIblyse@ GSCEMARIT@Ge wunit price of c e lblawsleals eo nmu |
representative market prices. The water cost was estin
tari ff for the Sid2 sHLN/ mo)i,vovdleischh pwasl5consi det edi a@apr €
mining region. ThisEURLrasdowds ueed, @a6836he reference
These values were used as the reference assumptions fo

Tab?2@SCENARI-E s4t of consumabl e material s

Consumabl e Source of ass Unit price [EY Cost [ EUH
Cellul ose mu Mar ket pri 1, EUR/ kg 1 205, 8
Seeds Gl ®1 B ( SCENARHF 70,B4YR/ kg 3 532
Compost POLTEGOR ( SCEN 02EUR/ kg 3750
Wat er Average 2025 0, 0 EUR/ L 1%, @
(Upper Silesi

Total cost [ EUR/ ha] 8 4,68
4. 3 System capacity and treat ment i mplementation t
The analysis took into account the nozzle used in the
basis, the spraying time for the individual mi xtures ar

were determined.

For theseneud cnhi xtur e, the, fphayi wh icloampéosvikatsuhr@e ,3i3t hwehsa . 8
Thus, the total time required to carry 40 w3 htah ea nbda sriecf err
t he effective spraying ti me. Thi s correspPpO®8rhdhd ht oi aa.
appr oxi6én9ast]ellhy.

Assuming that the effective spraying time within one w
an area of 1 ha correspP®dndser Kiong ppayyx, matel y22days an
sprayieng Stiinnte the calcul at i-loencst arre Ipa xisse,ntteldi 0 nv aal we rs

a reference unit. I n practical applications, recl amat
areas, where the spraybmgropenatettcohivenwonkeng days wit
presented refer to the effective spraying time only an
mater i al handl ing, or other auxililTabyea2iivities. The

Tab?2&System capacity and time required for the reclamati ol

Wi ST w e Sprayed mi xt|{Assumed n Spraying Spraying
[ L/ ha] capacity [ s/ m] ] [ h/ ha]
Mul-skhed mix 36 600 100 2,5 6,10
Compewvsatt er 1 50 000 100 3,0 8, 33
Total spraying time 1 ha 143
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4. 3C®bsts of operating the spraying system

Torel ate the capital cost of the system to-baBedumildi ocas
model was adopted. 2ant iednf epcetriivoed soyfs tée mounttihlsi per year was¢
spraying time of 14,43 h/ha and 7 hours of effective spr
at approximately 10,7 ha per momtahofcarrad padndiregq tperapy

The operating cost of the system was estimated based on
adopted electricity price. For a system with a power ra
energy consunmption2amébntk Wh/ ha. At the adopted net el
corresponds to an,38HWRHha.i cThe elbsttroifcidty pROEUWRK Wh,s as
corresponding to the average electricity pric@abblke. RAdu:

Tab220perating cost of. the spraying system

System pd Operating le)lnescutmrpit? Electrici|Electricit

[ kW] [ h/ ha] [ KWh/ hal [ EUR/ k Wh 1 H&UR]

1,5 14, 43 21, 65 0,20 4, 33
4. 3 Labour <cost
For the purposes ofpeheomatrceawvavadsnassaumevd f or all fie
the reclamation process, while the UAV data processing
by a single BLENARDO. 4| one UAV survey <campaign is a:
processing of the acquired data, requires a total of 1

4 hours of fieldwork related to carrying out the UAV

4 hours of image processing,
2 hours of material analysi s,
15 hours allocated to mizxgiiomapgr egdriatitaresand organi
For the impleméadt &Biuos ofage,fective spraying per 1 h

approximately 2 hours of auxplwarg Baotivdedee,shhumdan gyt
fiel dwortkhese field activities werpeasosmmed ewo béegacoi
32,86 tHowusaen perT hheercetfaorree., t he t ot &IC EWArRK Oa s4seo. ¢ iUAtVe dnowii t
and field reclamation actidé4titBé&rsshoormmchueptetsaded aAppr byi ma
rat e3&URmMm 4 PLNh) was adopted; t herSeCfEONAeR Iahdden BBRA 6to® B c o
EURer hectare.

4. 3OPEXSOENARI O 4

The summary of sopemratSOBENARIODt 4 includes the main cos
i mpl ementation of the full reclamation campaign, i . e.
l abour. The total OPEX fe® HGOERNARI.O DU eammunthse tcoompar af
anal ysi s, | ogizesttiiccrad | amas tosr,gasnich as transport, daily
on | ocal i mpl ement ati on clarmdigt i2Z8ns, were not included
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Takl 230perating cost b3SeRBNARIWDO 4 .OPEX) for
Component Cost [ EUR/ hal]
UAV monitoring infrastr.\ 104,19
UAV survey and data pr odgd 84,76
Cellul ose mul ch 1 205, 87
Seeds 3 532,00
Compost 3 750,00
Wat er 176, 76
Electricity 4,33
Recl amation spraying | alt 242,17
Total OBEEKNARI O 4 9 100, 08

4. 3CAPESCEMNARI O 4
In the analysis, it was assumed that the costs of the
were all ocated directly to individual survey flights al
I n contrast, twiengosystoémtwas spcaounted for as a CAPEX
its direct relationshi p ewiltaimatth eo niTrafpledamemétnat i(on of t he
Takl 2Clapi t al cost br eakGEoNWRI(CCAMP.EX) f or
Component Cost [ EUR/ ha]
Depreciation of the spr g 2®5
Depreciation of the UAV included in OPEX
Tot al QOQASPEEXNARI O 4 29, 25
4. 3.TloOt.al wunit cost of SCENARI O 4
Tk total BEENAR@OWANTEY HEAIR/.haThe dominant share of thi:
by operating costs, while the contribution of capital c
is relati SCENARIwWRasd4ladopted as the baselineTaat padt for
Tabkl 2To.t al unS QE NARItO o4
Component Cost [ EUR/ ha]
Tot al OPEX of SCENARI O /4 9 100, 08
Tot al CAPEX of SCENARI O 2®5
Tot al cost of SCEN 9 129, 33
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4. SCENARAMaISy si s

SCENARIcO vVvRers supplementary int érmseudstiiotmen moemistuareisn g nriesi
variant , it is not assumed that the supplementary trea
the entire area. The decision to carry out the sprayin

peformed using UAV mbaisedr mogi aodi ggound

First, a UAV survey flight is conducted to identify
insufficient vegetation cover or det er tharsetde dnowmda g eotrd tnigc
a measurement st atlioowi nwa st hencdsusdeesds meadt of environment e

Based on the combined analysis ofbaaed mdniat oreidndg,r oimt a

that supplementary treatment was required. For the pur
of supplementary measurnéeée dovearls aupat o whdo®hof when expl
corresponds to 0.1 ha for each 1 ha of analysed | and.

I't was assumed that, if the treatment is initiated, th
as for the baseline treatment. This means that the sar
compositions, n o z zl loeg ocuasp anteit thyordg aosf ¢ rcaapl acrud attiime, ener gy

| abour hours were applied in the <calculations. Cost s
calculated proportionally to the area somemniedobiyng heo st
treated as an essential element in identifying areas r

4. 4 Mhterial and uSGHNARI Glesmand for

| SCENARIL Oi 5 was assumed that the supplementary measur e
area. Therefore, the demand for material s, utility cons
forl ha in relation to the values adopted for the basel
Tab2& It was assumed that the mixture compositions, mat

remain theS€aMARAOWHNOh only the area covered by the tre

Tab?2@Consumabl e mater,iabddé¢mandd for O

Consumabl e materi al Val ue adopted f Uni t
Cellul ose mul ch 110 kg
Seeds 5 kg
Wat er f or pr eparsaete d nmioxf 3 660 L

1 875 kg
Compost

3 750 L
Water for the compost mi 1250 L
Total water consumption 4910 L

The above values were adopted as the basis for further
and spraying time for the sulpphaementary treatment cove

4. 4 SDPraying time and ne S&€ENARdOn Sumpti on i

| SCENARL Oi 5 was assumed that supplementary trehtmant ¢
With the same technol ogical parameters as those adopt ec
001 ha amoddAdt h,tceotresponding to 10% SCENAR]I OFd@ragt etrgmi
system with a ppowvkeWw, rtahtiisngcooafresponds to ,Jabnh keWhe.c tAti cat
electricity ,p0/ikWh,oft hEeURc o0s t of el ectricittyr ecatnmaimtpt \wa®
esti mated43dat EUR O
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4. 4 Labour CBENARIQO B

FOSCENAR| Ot Beclosbhowras not calculated solely in proporti.i
reclamation requires both a reassessment of site condi
measures. Consequently, the Il abour input includes the
processing and interpretation, as well as field operat

purposes of the cal cswlngttiiocom,s twhee ef caldloopwiendg as

UAV survey and dabtperphoomcres;si ng: 11

effective sprlayhiahg hj me for O

auxiliary field activities, i ncdZat digbmgh 4dystem preparat

The tot aelr aftiieolnd toopme t heddf br eAambhaease @ot Rvi tperss amr e |
crew, they cB88reasspoomids t oCdnsequentl y, SSChEeeNARld@d htadotuao
16.38 | abour hour s. Assuming ,Ah/ tho(UBPIOM h3 & bdthre rl atbheo uo:/
SCENARIwW@As5 esti mat2a2@2atppeEURett are of the analysed area.

4. A Mbnitoring i ndBENARIrQucst ure in S

FoOBCENARI]L Oa5single UAV survey campaign was assumed as
suppl ementary reclamation. The survey provides the inf
vegetation cover or deterieqatedngnaiddonmemi@adal i adedivtin

SCENARI& s50 includes the AIRS mobile measur ement stat.i
monitoring data sump®ploirng n@r ahesgdefcorsiomppl ement ary recl
analysis assumes a single UAVMoguruabkbgocampawgnadtdhei meta
to be carried out after the supplementary treatment, i

The annual cost of operating thed4Q2/FRER mMOomnn diod e migh g ttah é
nature of reclamation wor kzm,t iaom efefra ootdi vod isnfxr amotnrt thest Yy
corresponding to a mbAtduyi ongsthefr EtJRam8tli on season.

For the pBE€CERNARKEODEe AI RS monitoring station was treate
cost supporting environmenmaakli nags. s eGosnmseenqgtu eanntd yd e dihs iso nc
proportional dy atreatbhett waateonsidered a fixed cost as
capability throughout the supplementary reclamation pr

4. 4 OPEX CEINARI O 5

The unit prices of reclamation maS@ENARIa® eSvatdent aodl et
descri BEENARI @ sdumed unit costs of (seeénstuma)iIoK i eva t5eamiea
reference prices and calculation assumptions were appl
the analysed scenari os.

FOSCENAR| Ot 5e operating costs associated with suppl eme]
same calcul ati on met hSoGlEON AoRglyO Mdst eardioaplt ecdo nfsourmpt i on, wat €

consumption and spraying | abour were calchaatedi peopbe
of UAV monitoring infrastructure and the associated UA\
full, as the identification of areas regmpréeng moppt el

campaign regardless of the extent of the subsequent tr

The operating cSKCEINARODIERS) effre represents the combine
campaign and the implementation of suppl ement ahy. reltd a
cost breakdownThbd2Ppresented in
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Tab2@Operating cost br S€CENARN O( GPEX) f or

Component Cost for 1 ha of 1
andlOha of surf § E&R{

UAV monitoring infrastru 10,249

UAV survey and data proc 8 47 6

Cellul ose mulch 12,100

Seeds 353,20

Compost 375,00

Wat er 178

Electricity 0,4 3

Recl amation spraying | ab 35,97

Tot al OPEENMAMRI G 5 1 092, 23

The tot al operXagt i$rOdE NARSaOn oBuOPtEs Ot9aEURBNd represents the
cost of one UAV monitoring campaign together ,wihah. sTuhpepl
adopted methodology ensur SCENAReEOB dpbmpagabdentycwlt hbr
calculation assumptions, while accounting for the redu

4. 4 CAPESCEMNARI O 5

Al costs [SrCENARtIades5f expressed per 1 ha of analysed ar
one complete UAV monitoring campaign is carried out ov
reclamation treatment ,li hai, mglogmerstpeoch dd milgy tmn tthe assume
additional intervention.

Tab2@Capital cost brealCENKRI.OCAPEX) for S

Component Cost [ EUR/ ha]
Depreciation of the spra 2,93

Cost of wusing the AI RS m

during 1 month of the se 191.53
Depreciation of the UAV included i n OPEX
Total CARENAR®Rf OS 5 239, 17

FOBCENARI| Ohde preci ation of the spraying system was all
adopt eésdC EfNOArRI QAough suppl ementary recl amalila, itsha samanl
is expressed per 1 ha of monitored area, and therefore
CAPEX component .

n addition, the AIRS mobile measurement station was

upporting environment a-malknomg toegagdiamg tdleei smphement &
ecl amati on As descri hed hien dtetpe erxri eavii mins od e dthieo lUSAV mo
Il located directly to monitoring activities and is the
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4. 4 TD1t al ScOESNARIfO 5
Tk total OSCENARGODIOSINEEIRLI 033 pe40anal ysed hiesctvarlaue r epr e
cost of mo nhbat or enfai med | and together with the |implem
measur eBl olveaorresponding to the assumed maxi mum area
Tab?2@Total unSCENARIIO o5.
Component Cost [ EUR/ hal]
Tot al OFEXNARI O 5 1 092,23
Tot al CAEENAR O 5 23,97
Tot al SCENARA O 5 1 331,40
Compawettlmenari o 1, dblasethomippooiaclyp substantially reduce
reclamation materials, electricity consumption and fie
where monitoring indicatseasr yt. hatt itrhtee rsvaenret itd mei, s trheec € 9§ X
monitoring infrastructure remain an i mportant componen
support role of monitoring within the developed reclam
4. EFconomic interpretation and commercial i mpl emen
The cost analysis presented in this deliverable provi
commerci al i mpl ement at-c omt pattechsatbiildlecafmriobbgynadevel oped
REECOL project. The calcul ated values represent the e:
under t he eacchonpitcead assumptions and should not be interp
The analyses SAQENARIGO BAE NAKRId@ nbEonstrate two compl ement
reclamation process rather tB&ENARYG @pd mepsectnitng tsheer Mind @ in
of the entire de§CEBHNARI @erpérae,s emhisl esuppl ementary recl al
|l ocations identified through environment al monitoring
practical i mpl ement aCEMARI@YAIi comb8@ENARNMO@OL4 owedrby on
more supplementary r eScCIEaNMaRt)iQo i ecpeenmmpaaninggnson(ng resul t s.
4. 51lhdicative commercial pricing assumptions
The costs calculated in the previous sections represe
technol ogy. I n practical commercial applications, addi!'t
transport of equipment and personnel,
admi ni stratizawtei mamal oa @satnsg,
i nsurance,
routine servicing and maintenance,
repl acement of consumabl e component s,
unplanned maintenance and minor repairs,
business overheads and commercial profit.
As these costs strongly depemrati oondahesscateuné apédrlhaoca
they were not incl ududedcadiyrse ct.| y nisn etalle d¢dhs ee i ndicati\
illustrate the potential comme(Tcaibdle.i3mM@pl ement ati on of
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Tabl ePr3i0cci ng model s expl ained.

Pricing model Appl i ed mu I nterpretatic

Cost recovery 100% Direct i mplementat

Direct costs with

Standard commerci al i 120% . . )
indirect operating
Commerci al i mpl ement ¢ 140% Direct COSt.S tnclu
and commerci al mar
The proposed multipliers are intended solely for i1l
recommended mar ket prices. Their purpose is to demonst
commerci al mar gins on the final service price.
4 . 51adicative service prices
Based on ttheed darpdwelmeent ati on cost s, indicative service
model s pr esdmathelde.a3blov e
Table Bfmdicative service prices.
Service Direct i mpl emen 120% pricin
[ EUR/ ha]l [ EUR/ hal]
I nitial (SeCcEl NaAnRa) tO o4n 9 129, 33 10 955, 20
Suppl ement ar ySCENARIMG 1 331,40 1 597,68

4. 5LdA-AErm equizammemin winidl depreci ati on assumptions

The economic analysis presented in this deliverable i
acquisition costs of the individual components of the
operational l'ifetime. ePappmdinn-pi serr dbbphe yipaet iodn peri od
years were adopted in accordance with the assumptions
Considering the seasmhalnghhanandtercbamaptoisan, an effec
mont hs per year was assumed for all major equipment. Bz

devel oped technology,padiet wmnwasaledtriematmectatcaappr oxi mat
approximately 320 ha trepeaed dpern atgi ¢ hael apeoepited dédfi viehe

The adopted depreciation methodol ogy distributes the ¢

equi pment, AIRS mobile measurement station, and the re
successive reclamatignthmrojcadtcul @arseqgument CAPEX values
represent the capital cost contribution allocated to e
of the equipment.

Foll owing completion of the adopted depreciation peri
components are considered fully depreciated. Conseque
include these capital rceonsati ncionngp ocnoesnttss ,wowhlidl eprtihnear i | y ¢
together with routine maintenance, replacement of cons

moder niaofattihoen equi pment .

The adopted met hodol ogy -treefmzaiditidni t chfe ti me edhedveedl d pendy t ec h

a realistic basis for assessing its economic performan
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4. 5E€4o0nomic benefits of the developed technology

The economic analysis demonstrates that the principal
of the initial reopammicdfans elwssd g u ebrutt rtehcel amati on- acti v
based decision making.

The baselineCBNARP@adhsimes full reclamati onS@ENARIeO a5 al
' imits supplementary reclamation exclusively to | ocati
as requiring additional intervention. Under t he assu
reclamation covers a maxiymsen afedpD%refultthieng@ni nla tot
331 ,EAUR per 0,1 ko mpfardealn2ddi,t3pBerEUbRect are for full recl an
This demonstrates the econtbmisedbapefioacbdf Fbél mawnhngot h
campaign, any supplementary intervention can be | imite
instead of requirinntg rree calraenaa taigoan no.f Atshea @ esult, the co
field operation time and | abour input are significantl
applied only where they are actually needed.

An additional economic advant agtei one saifl tishd raenv & lhcep erde ps
Since the acquisition cost of the equi pment is distri
depreciati on, the technol o-gfyf ebcetciovnee swiitnhcreasc agsiyv ec 0K
Follgpwéoampl eti on of the depreciation period, the capi-t
system is no |l onger incurred, l eaving primatehgnopeon
equi pmeder niczaastti so.n

The presented resul ts confirm that integrating envir
reclamation i mproves the ovemalilnged@amamirce cd fafmad ii @emc ywha
sustainable use of techniioanl nradTlreralisssel dndrraeké$ amonduc
confirmed the practical applicabilicontantd ettbamavenes
(Fi gud)e

Figu48uccessful vegetation establ i shedcamntramtg rfdacelladmatrii
technol ogy conducted by I TG KOMAG at the Jankov
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4. Summarfy SCENARI OS 4

The scenario analysis made it possible to determine the
system and to identify the main cost components in the
SCENARL Océ4vering the full recl anmaarteiao,n ctornesattinteuntte sf otrh et h

and the reference point for further comparisons.

SCENARIr@py esents a variant of s ulpgpsdediddit smppi measngeasi

environmental and soil monitoring results, assuming t h;:
SCENARIiOhvo!l ves a smaller spraying scope, its cost str
related to monitoring and the availability of technica
interpreted as a diommigei vaiSe€&NIARL OcAdlk aetdhee tSICEINARI O 5
enables reclamation measures to be carried out in a mo
scope exclusively to areas requiring intervention.
SCENARInMay5 t herefore be regarded as a more effective s
or gmnii on of reclamation wor ks. It is based on monitor
informed manner, adapted to actual site conditions. Thi
treat ment over the entitrhee sapvoaiill athilpe amwaetae ra md aalnldo vise c h |
mor e efficiently. It i s also worth emphaositdiemg stuhdated
suppl ement ary abnads eidn tneeravseunrteisont han to covering the en:
possible within a single campaign. |Its technical char a
i mpl ement ation lobcaleipead etreat mentssaltdaned¢loamattiemrs.i vEh
analysis relates to the prototype version of the spra
cannot be ruled out that the cgysbeohightull hbmphvement hi
separate and more detailed analysis. The economic viab
extent on the intensity of system use. I n the @ase®nof
campaigns, the share of capital costs in the wunit cos
performance of the solution.

Sources for cost assumpti emantfacrnt tred atbedhnaltogyn faord ko
with uswaotfe:bi o

The unit cost of the grass seed mixture and comp-ost wa
PI' B and POILTEtGIOtRULt e, respectively. The cellulose mulcl
ProAguvw. proagybhe nWwat e¢d cost was estimated using the a
tariff for the Silesian Voivodeship, based on a compi l
tariffs published by Mojawoda.com (waww. modpwedafpbn. t
energy price data publwiwwh & dernheyn JHThrewuns aprndradi ico(sts of t
technology, including the spraying system and monitori
of the actual costs incurred during the construction a
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5.Recl amation costs references in Europe

5.1ntroducti on

Data from France, Qu®bec, Australia, Canada and the US
Al | the cost are converted to EURO 2025

The objectiveisftohtemphEketsBEesomamaftfenent samurhc etshet oc oc
obtai nEECOmBARcenaThe®sfoll owing reclamation activities v
AHydr osgednd hydromul ching

AFertisepploy,l transport, and i mplementation

ACompost supply and i mplementation

The mai nsofoumdeve mahé ofnol | owi ng:

AFrance: most of the costs were collected from BRGM6s
managefmemt t he French State).

AQuebec: al | the costs whatakaoded ecCedtifommR&esdiumeces
Naturelles etdiFyuetberyv enanaangdetwhi ch host all the minini

AAustrNegltitma:South Wahabki mbmet eshi( dA@R6 teoki on)
AUSA: California Caltrwhisc{rCohadhti a¢t e n@as & dhxdltauad)i ng c o mp
hydroseeding, .hydromul ching

5. Zompost costs

Compcaots(tisncl uding i mpeemendoangi phheipengealti on and tsyhow ¢
Data collecwvadiiens Beawednor272)IE&0RM 7 9 fEOUR/ZHW.00 m

Data colle¢l @8 ctcostUSAcoll ected in 2024)

A139 BUAMO3 m 258 RALY

A62 EWR/1®O 03, m s o E UWBRKY

A50 EUWR/5m0 0%, m s o E U RY

Thico nisi rt hat POLTEGOR 8SG0CHEHNARA O(c200sOMgEsURA n chs t he higther r ¢
internatifimBOLTCEOGAR .coMp SECENARS Q exnpanded p)iofdlestledi0on c a

EUR/ Mg i n t hhei gre driaimg e .

5. Hydrlobmhdmydr oseeding costs
The harvested costsefXmposdd dirmsteleefTichgll Hao38d ng t abl e

lhttps://gestim. mines.gouv.dgc.cal/ MRN Gesti mP_Presentation/ ODI
2https://www. resourcesegsiwagoel ali inleie 8 a U Fae ehdaebti esrentient ie Magis i t
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Tabl eCo3s2t.s for hydroseeding.
Hydr oseeding
Uni t E R2t0 2@ Q (m)]) CounktrRegi o

0,7 36 000 France

1 4 000 France
0,5 26 500 France
0,4 9 300 France
0,4 16 200 France

1,6 5800 France
0,8 20 000 France
1,22 12 200 Quebec
1,98 19 800 Quebec
0,32 3200 Quebec
1,47 56 000 Quebec
1,07 17 600 Quebec
1,87 1500 Quebec
1,29 270 000 Quebec
0,69 563 556 Quebec
0,69 290 000 Quebec
14 - Australia
0,8 500000 Finland

From,itihsi spossi ble to extract the following costs for hy

1,1 EUR/ m|bdloRoWmaeas
08 EUR/ m] &bovar2aba
I n compl ement, t Re hAbstlndl

atamnNnNEWSst

(Efsotri mait nidaang e Tsooodl e do)f

by the government ogn vheysd rdcest eae d ientdgh eaocachopr(Tdai brage i t8oA
Hydroseeding
Using pas,t uwiet seed
A mulch applied at 200kg/ ha,
A binder applied at 12kg/ ha
Pasture seed at $17.65, per kg and 42.5kg per ha
Fertiahidastewer i ncorpagrated into mix
3577 EURiI/mal uding furniture and application)
Using natiwetbheed
A mulch applied at 200kg/ ha,
A binder applied at 12kg/ ha
Pasture seed at $920 per kg and 17.65kg per ha
Fertiliser and water incorporated into mix
1001 EUR/ ha (including furniture and application)

Hydromul ching
andamedpasmt:st e
abp pOl ki ge/dbaan der

For fl ats

A mul ch

Research Fund Cefunded by the European Union. Views
for Coal B Stee those of the author(s) only and do not
Uni on or [name of the granting author
granting autkobdi respansbélk for them.

pesed
,dincluded)

. *"* Co-funded by
* the European Union

* 4 *



s REECOL

Del i ve4bapP & g9

Pasture seed at $17.65, per kg and 42.5kg per ha
Fertiliser and water incorporated into mix
1357BUR/ ha (including furniture and application)
For flats and medium: sl opes and native seed
A mulch applied at 5 000kg/ha, (binder included)
Pasture seed at $920 per kg and 17.65kg per ha
Fertiliser and water incorporated into mix
2008& UR/ ha (including furniture and application)
For steep sl opiersf awri d ad amd ti rbirxe, rppast ure seed
A mulch applied at 6 500kg/ ha, (binder included)
Pasture seed at $17.65, per kg and 42.5kg per ha
Fertiliser and water incorporated into mix
2179BUR/ ha (including furniture and application)
For steep slopes with a fibre reinforced matri x, nat i
A mulch applied at 6 500kg/ha, (binder included)
Pasture seed at $920 per kg and 17.65kg per ha
Fertiliser and water incorporated into mix
2827 EUR/ ha
For biotic growth medi um, pasture seed
A mulch applied at 10 Q00kg/ ha, (binder included)
Pasture seed at $17.65, per kg and 42.5kg per ha
Fertiliser and water incorporated into mix
291BURha (including furniture and application)
For biotic growth: medium, native seed
A mulch applied at 10 000kg/ ha, (binder included)
Pasture seed at $920 per kg and 17.65kg per ha
Fertiliser and water incorporated into mix
3@0W4EURha (including furniture and application)
Table 8sts of hydroseeding and hydromul ching.
Seed|Ferti| Wat e|Applic|{ Tota Tot a
cost cost cost cost Costf] Cost
EUR/ h EUR/ HEUR/ K EUR/ h{EUR/ |EUR/
Hydroseeding 458 | 223 | 366 2531 | 3 57 0, 3¢
-pasture seed
Hydroseeding 7015| 99 366 2531 |10 0| 1, 00¢
-native seed
Hydromul ching
-for flats and me 458 223 366 1528 13 5 1, 346
and pasture see
Hydr omul ching
-for flats ands me| 7015 99 366 12528 |20 0| 2, 00(¢
and native seed
Hydromul ching
-for steep sl opes 458 223 366 20047 |21 7| 2, 18
reinforced matr
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Hydr omul ching
-for steep slopes| 7015 99 366 207 47 28 2| 2, 81
reinforced matr

Hydromul ching
-for biotic growt 458 223 366 28072 |29 1| 2,91
pasture seed
Hydr omul ching
-for biotic growt 7015 99 732 28072 |36 0 3, 6(
native seed

I't is possibhestocossipsNeAMRBltCbnsi der i ngy tdhe ffealelnocweisn

Water cost in Aus8y@al EdRBICE NOARE)CEIULR/amBr rlespondgd 7t € UR d e ¢

Medi an Labesurnn4@26s AUD/EWeRerk (smom2i der i ng ,3 8 th ocustso epsepro nwd
| abouincosBdBURhASCENARI O

It is not possi bl ewittoh apdrjeudsiug iemmee rggn c®ss ume od LG a | a
EUR/ Whicéd reasonabl e compareds(thboe tAwesddm adh Md 0§ B SW)onsi der
mo r e otvheart :

SCENARIc@ONnNsi de/rhabs® eddgmpedl 205 to 42.,5 in Australia

SCENARA Oconasdenfadss 1®9f00 kg/ ha (seed + mulch243tcommpos:t
1000 kign hAmustral i a

SCENARI O ncludeg. moni torin

Anot her el emelat teht®or acnosnpsad rdtiemc Asutst ral i a which are signif
Eur ogpieven the distances.

5.80il i mplementation

Theehabimayanéed t he i mplagmentodt ifem evfegaedhicl Dloéf oweé ng
presents the <costs harvesiThd €toems dvafegraentt hc aursttraines

information i s n®ablag. wags avail abl e
Tabl eCo3sdt.s of fertile soil l ayer i mplementation.
Soil
Unit cost ( EUR/2024) Quantity (m 2) Distance (km) Country / region
26 2700 - France
44 2700 - France
3,4 1500 0 France
16 2100 - France
24 2100 - France
6,8 6 490 3 France
53 6 000 0 France
20 2 320 - France
28 2 320 - France
25,4 60 - France
31 8 000 - France
6,93 4 200 4 Quebec
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5,41 557 - Quebec
17,5 2 562 - Quebec
6,5 - 0 Quebec
7 5280 0 Quebec
5 43 000 0 Quebec
4,85 158 000 0 Quebec

The co9ptreafdi ng (no tr 8ms pardt )7 3 iEsURhenAw-B & Wami me rehabili
cost estitrmetre tacodl Soaugtcseaf brand spra®advidgrhowt stmecie :

- <200 M@, 19°®EUR/ m - 250000mM@3, 4 EUR/ m
- 20B800: m2, 213 EUR/ m - 3004000mM3, 64 BUR/ m
- 50000mM 2,553 EUR/ m - 400600mM4, 13 BUR/ m
- 1001050mM 2, 893 EUR/ m - 5006000 M, 61 BUR/ m
- 1502000mM 2, 923 EUR/ m - >7 kdm EIREmM

- 2002050mM3, 16 BUR/ m

5. andard reclamation met hod cost s

Usinlge doefsitinnredt he previiosspecthapbkessmaontdar d rmetlmondhtd oant s
according to different scenari os.

I f the suwthacepnefeedrigmg leo freegfeadrae ivon i mpl ement ati on

Ferspbli e spreadivnog uonvee % @M <im6ys 01 ,t panmnde s50 kg/:ha of seed
Soiolurscfi DBURMG: 780 00 EUR/ ha
Soidnstpor £8[ 25 MEGXR/k m J chi sEtUa rkemk7 3 B2 4 3BBUR/ h a
Soiplr esad3i,idg EUR/:MAD3500 EUR/ ha
Seed sourcing: [ID0OEURURMGH a
Seed sowiElgR:ha500
Tot al2551 %5703 EIU/R h a

Fill spr e drcamgd yodvreormudrc hihmdjr oseedi ng
Soi l sourUbcRMg g: O] EUR/ ha
Soi l t r anisOp.o2r5 NHJOODR/MK® i, ndEWY]} anZ e31430 RBOR/ ha
Soi l spr eiard iEnUgR /gnB8i01M0400 0 EUR/ ha

Hydromul chiid3ngdg [EIURIGOIB 000 EUR/ ha
Hydr osekld i BBWR:/AH0a0 0 EUR/ ha
Totwalt h hydr:onu2 052 U A a
Total with RYAORB2ZHUFRMGg:

I f the surf ace paleladw swvgé goeft attihiree it :t
Hydr omul c hii3ngdg [EUR3I@D0]3:60 B EUR/ ha
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6.Summary, conclusions and recommendati on

Th®Report edaesperngl i mi-Bheareyf iGosAnal ysis (CBA) enfi nti meg tl lame
reclamation technologies developed within Work Pdckage
to evaluate their technical, economi c, environmental,
conditions, thereby-ssappodephgymentranbdarcgemerciali zat

The technologies assessed inchbudwinf@i yegeeatednsbiocesthi
of hard coal waste heaposnt a(citi )soan irretheacgridtigddtnmomm syst e
with precision appliooatmadrerofl s echad (i i-bi)olseagciltciavle gg n
compost, produced from organic waste streams within a

Recognisinginhag postes differ substantially in terms o
condi t i Renpso,r ttehdad ospcte-hased approach rather than proposin
model . Five representative i mplementation scenarios a
provider s, mining compani es, and composd alptrerdmuateir\se
commercialization pathways, i nvest ment structurtes, and
benefits, and i mplementation risks under different mar

Because the technol-ogmmear cieanlai a1t agea tphe presented CAPI
be regarded as indicative estimates intended to support
i nvest ment appraisay .t Wéheprainmdiypeaels dastntdrfi ver s, eval u:
estimate potential economic performance while also con
including soil organic carbon sequestsaitli ohundt ioadn avleir:
valsariomnd reduced reliance on virgin reclamation mat e

The report ddémdandthreatvel ue of i nnovative reclamation te
returns. Their successful i mpl ementation may <contribu
ecosystem services, circular edeendmynslfjoaantaitv eosn, odnd otrt

I't was possdPd eamwdlbyhdsmntehteiosd s of spe maprdhaPsE PEX ther
costs such as neommiistsoiramsg, duCeO to the i mpl ementations
i mpl ement.patwene prbtatonbkfisdaeped.|l ity step

The internal benefits were studied under etnbag ifoosr wiafh asv
recl amati onfhmetohdhdessr. benefits such apr oivnicsrieoansiendg porfo pes
serv,y ceax revenues, eCO®2i st ocagerol, dulotdirvelrwereegy ingdeod |
monet ani zdbst soapy qgduiasliciutsasteidvel y.

A nextgp n anot herbgged ech ) miofreeasachvidn eyl | thwepil esne nt t hi
monetar:ii zati on

SCENARIWal ue of the increase in brodiwerrsonyyropolainidn:
filtcC@&tsitomage cottemnaki,mereascesi,n value of the | and

SCENARI2@QB8d value as agracwaélt ear atri edhaanoifc cthpeer ed t o st ar
rehabi (feductbhon of the:taodageseci hateaseg,)i,n CtOhe | and
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