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Biometaan on hetkel ainuke vSljakujunenud tehnoloogiaga kohaliku taastuva
gaasilise biokYtuse tootmise wimalus Eestis. Biometaani sarnasusest
maagaasiga johtub ka selle tootmise turut>ke. Biometaani tootmiseks on vaja
teha investeeringuid, mist>ttu tema omahind kujuneb suuremaks kui
surumaagaasi hind maagaasitanklas. Sestap tuleb biometaani tootmist
toetada, kui (ihiskonna soov on asendada osa imporditavatest
fossiilsetest mootorikiitustest kohaliku taastuva kiitusega -
biometaaniga.

Biogaasi saab biomassi anaeroobse kSSrimise teel vShemalt 37 iC juures.
Biogaasis on keskmiselt 60% metaani (CH4). Biometaan on puhastatud
biogaas, kus metaanisisaldus on 90-99%.

Biometaan ja maagaas on sarnase koostise ja kYttevSSrtusega ->10
KWh/Nm?, 37 MJ/Nm?,

Eestis toodeti 2010.a. biogaasi 13 min Nm?®, millest enamus pSrines
prYgilatest ja pool toodetud kogusest ei leidnud kasutamist. Aastaks 2012 on
biogaasi tootmine kahekordistunud, ca 25 min Nm?®.

Eesti teoreetiline biogaasi (60% CH,) potentsiaal on 1.5 miljardit Nm%a,
puhastatuna biometaaniks on eesti teoreetiline potentsiaal 900 min Nm?* (CH,4
98%).

Reaalselt kasutatav biogaasi hulk aastas on 633 min Nm?, sellele vastav
biometaani potentsiaalne kogus on 380 miljonit Nm*/a, millest 9 miljonit Nm®
moodustab prYgilagaas.

80% biometaani potentsiaalist (304 min Nm®/a) ‘on kasutatakse transpordis
aastal 2050. See moodustab 30% 2011.a. vedelkYtuste aastasest tarbimisest.

MetaankYtuste soodustamiseks transpordis tuleb VSlja t$Stada biometaani
kvaliteedi standard (metaanisisaldusega 95%), luua tasuta parkimise
wimalus metaanssidukitele, sSilitada ja tagada kYtuseaktsiisivabastus
biometaanile ning sSilitada aktsiisierisus transpordikYtusena kasutatavale
surumaagaasile (CNG). NSidisjaama biometaani omahinnaks silohinnaga 30
I/t kujunes 0.8 /Nm 3. SamavSSrse surumaagaasihind tanklas on 0.46 !/Nm?
(ilma kSibemaksuta).

Biometaanis on 90-99% metaani (ja 1-10% CO), P-hjamaades
tavaliselt 95%. Vene pSritolu maagaasis on metaani 98%, (0.06% CQO,), mida
kasutatakse Eesti maagaasitorustikus.

Biometaani tootmiseks peab tegema rohkem kulutusi, sestap tuleb tema
tootmist Yhiskonnal toetada.

Kogu biometaani potentsiaali kasutusele vétmiseks (380 min Nm®)
vajaminev investeeringutoetuse maht (50% CAPEX) juures on
suurusjargus 550-600 min €.

Biometaani tootmisega ja tarbimisega kaasnevad mitmed avalikud hYved
nagu kohaliku taastuvenergia tootmine hajaenergeetikas, energiajulgeoleku
suurenemine, sltumatus kliimast (tuulest, pSiksest ja veetasemest),
regionaalne  tasakaalustatud areng, lisandub  700-800  tSSkohta,
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prllumajanduse  mitmekesistamine,  s>nniku  kSSritusjSSgi  haisuvaba
levitamine, vShem reostust pinnasesse, pinna- ja prhjavette, vSiksem
iseeneslik metaaniheide, vSiksemad >huheitmed wsrreldes fossiilsete
kYtustega, kSSritusjSSk kuiloodusssbralik vSetis. Kui need avalikud hYved
arvutada rahalises vSSringus, siis Yhiskond saab kaudselt kasu 380 nin Nm3
biometaani tootmisest 271 min !/a.

Péhijireldus: Biometaani avalike hYvede rakendusuuringu
p>hijSreldus on, et biometaani tootmist tasub toetada, kuna Yhiskond saab
biometaani tootmisest kaudselt kasu 271 miIn !/a ja investeeringutoetuse
vajadus 500-600 min ! kaetakse 3 aastaga.

Investeeringutoetuse vajadus on kuni 50% CAPEX ja selle saab
Yhiskond tagasi 322 aastaga ja kogukasum 20 aastase perioodi puhul on 5.4
miljardit eurot.

P>hijSrelduse kontrollimiseks tuleb jSrgmiste uuringutega selgitada
biometaani tootmise investeeringu-, pYsi ja muutuvkulud eesti tingimustes,
mille tulemusena vs>ib biometaani omahind ja sellest tulenev investeeringu
toetuse vajadus suurus muutuda. Investeeringu toetuse vajadus tuleneb
biometaani omahinnast ja maagaasi mYYgihinnast. Nendest kahest muutujast
ltub investeeringu toetuse suurus. JSrgmised uuringud peavad selgitama,
miks eesti biometaani omahind on euroopa riikide biometaani omahinnast
m>nevsrra kergem.

Vetikatest biomassi tootmine tasub tSna meie klimaatilistes tingimustes Sra
selle toodangu kasutamiseks farmaatsias, meditsiinis, kosmeetikas ja inim-
ning loomatoidu tootmiseks. Energia tootmiseks saab kasutada vetikate
muude kasutuste jSSkprodukti, kaudselt ka biogaasi puhastamise CQ saab
kasutada vetikate kasvatamiseks. Mujal maailmas toodetakse vetikaid energia
tootmiseks avatiikides (open pond), mis meie klimaatilistes tingimustes ei
t8Sta. Eesti tingimustesse sobib kasvuhoone tYYpi toruplaat (kinnise tsYkliga
fotosYnteesiv bioreaktor) mikrovetikate tootmise tehnoloogia. Sel juhul algab
tootmine tootest ja selle turustamisest. Selles valguses tasub ka Eestis
teemaga tegeleda ja riskiinvestoritele need vsimalused vSlja pakkuda.
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KYttevSSrtuste konversioortabel:

Kiituste keskmised kiittevaartused

1 tonni kohta MJ GJ mmBTU MWh
p>levkivi 8,100 8.1 7.68 2.25
turvas 9,600 9.6 9.10 2.67
halupuud 10,000 10 9.48 2.78
puiduhake (t) 12,000 12 11.37 3.33
puiduhake (m3) 0.74
pelletid (t) 17,400 17.4 16.49 4.83
bensiin 44,000 44 41.70 12.22
diisel 40,000 40 37.91 11.11
p>levkividli 38,880 38.88 36.85 10.8
LNG 47,880 47.88 45.38 13.30
maagaas alumine

kYttevvSrtus Qnet) 33,696.00 33.70 31.94 9.36
NYMEX maagaas Ylemine

kYttevSSrtus Qgross) 37,692.00 37.69 35.73 10.47
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Seosed m |, kg puhul CNG kasutamisel:

1 kg CNG = 1,22 | diislit

1 kg CNG = 1,34 | bensiini

Bensiiniauto, mis tarbib 5,3 kg CNG/100 km kohta, tarbib seega 7,1 | bensiini/100

km kohta

Diiselauto, mis tarbib 4,7 kg CNG/100 km kohta, tarbib seega 5,7 | diislit/100 km

kohta

1 m’ = 1 | maagaasi/biometaario KWhpimaar

1m’=0,714 kg

ehk 1 kg = 1,4 rhmaagaasi/biometaani

Bensiiniauto, mis tarbib 9 | CNG/100 km kohta, tarbib se&da kg bensiini/100

km kohta

Hind maagaasitanklgkevad 2013) 0,7M!/kg, ehk 0.46 !/ (ilma km:ta)
0,5% !/l (koos kmga,)

Biometaani omahind (arvutuslik) 0.6-1.!/Nm*

Biometaani omahind Saksamaal ja Rootsis 0.50.9 !/'Nm?
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Tabelid
Tabel 1:Biogaasi energeetiline ressurss aastal 2050.

Tabel 2. Eesti biogaasi ja biometaani potentsiaalne kogus ning selle elektriline ja soojuslik
nimiv>simsus (vastavalt 38% ja 42% kasuteguri juures ja 8000el tSStunnigsspaBtametaan
potentsiaalist 20% kasutatakse elektri ja soojuse koostootmises (SEK) ja 80% transpordis.

Tabel 3.NSidisbiogaasijaama investeeringukulu

Tabel 4.NSidis biogaasijaama tooraine kogused aastas.

Tabel 5.NSidisbiogaasijaama tooraine hanjeeveokulud.

Tabel 6.NSidisbiogaasijaama muutuvkulud aastas.

Tabel 7.NSidisbiogaasijaama biometaani normaalkuupmeetri omahinna komponendid.
Tabel 8.Biogaasi, biometaani ja maagaasi koostisosade v>rdlus mahuprotsendi alusel.

Tabel 9.Biometaani toetus thendad Kuningriigis (Allikas: Lucy Hopewood ettekanneWBC, ARIP
2011)

Tabel 10. Fiskaat ja majanduslikud meetmed biometaani ja maagaasi kasutamise soodustamiseks
transpordikYtusena vsrreldud 4 EL riigis. Kursiivis ja/v>i OEO tShistatud meetmed on ettepariskud
on rakendamisel.

Tabel 11. Pehmed ja vabatahtlikud meetmed biometaani ja maagaasi kasutamise soodustamiseks
s»idukikYtusena 4 EL riigis.

Tabel 12.90% investeeringutoetuse puhul saavutab biometaani rvlévidisprojekt positiivse puhta rahavoo
5 aastal, siemise tulumSSraga 15 % ja positiivse puhta.nYYdisvSSrtuse.

Tabel 13.Silo ja s>nniku kSSritusjSSgi koostise vsrdlus:

Tabel 14.Biogaasi kSSritusjSgid on mineraalvSetiste ekvivalent suurem kui kSSritamata I1Sgas ja
s>nnikus.

Tabel 15. Patogeenide ja nemadide  eluea wrdlus tundides biogaasi kSSritis  erineva
kSSritustemperatuuri juures ja toores; kSStitamata ISgas'BE9@)xen, 19947Test carried out by
ADAS:; °Bohm et al., 1999).

Tabel 16.Taimekaitse Yhe pritsimiskorra maksumused !/ha 20412.a.
Tabel 17.Aastane kokkuhoitud kulu taimekaitsevahenditele.

Tabel 18.Maa vSSSrtuse muutus selle kasutusele vstmisel rohelise biomassi tootmiseks biometaani
jaoks.

Tabel 19.Saamata jSSnud kasumasnata maade rohelisest biomassist tootmata jSSnud
biometaanist.on 15 min !/a.

Tabel 20.Aastas jSSb riigil kasutamata maade mitteharimisest maksutuludena saamata 10 min eurot.
Tabel 21.ihusaaste peenosakestest tulenevate kaotatud eluaastate t>ttu uStigramus SKEse.
Tabel 22 Keskkonnale hoitakse Sra kahju 3000000 !/a, k552 ISgast kSSritatakse biometaaniks.

Tabel 23.V>rdlev ISmmastiku (N) kasutus protsentides -sigalehmalSga ning kSSritusjSSgi puhul
erinevate 1Sga/kSSritusjSSgi pSritolelatastaaegade vahel ja levitamisviisi vahel.

Tabel 24 NSide Taanis m»detud Iémmastilguvkasut:a\[nise protsendist ja ammooniumi osakaalust
YldISmmastikust erinevates s>nnikutes ja kSSritusjSSgis suviodra ja talinisu vSetamisel.

Tabel 25 Pslevkivi asendamisl biometaaniga Sra hoit@D, kulu aastas.

Tabel 26 Fossiilsete kYtuste asendamisel biometaaniga Sra Ixlwkulu aastas.

7IPsllumajandusministeerium, Maamajanduse infokeskus 2012. Kattetulu arvestusedaaime
loomakasvatuses, JSneda, Ik 28.
I
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Tabel 27. 20% biometaanist toodetud sooja mYYgist saamata jSSnud tulu
Tabel 28 20% biometaanist toodetud elektri vsrgukadudE®¥% vShenemisest saadud tulu.
Tabel 29 BM asendab 76 min Nifa, maagaasi hind 0.33 I/Nin

Tabel 30 80% BM asendab fossiilsete kYtuste kasutamise transpordis min 30e, Kemsiini hind
ilma maksudeta 0.4 !/l

Tabel 31 Tuuleenergia salvestamisel metawmiselle mYYgist saamata jSSnud tulu.

Tabel 32 Maksutulu 380 min Nm3 biometaani tootmise puhul aastas.

Tabel 33 20% biometaanist toodetud sooja mYYgist soojahinna alanemine aastas l>pptarbijale.
Tabel 34. Maksutulu 380 min Nribiometaani tootmise puhahstas.

Tabel 35 Biometaani avalikud hYved 20.a jooksul Rootsis keskmise vSliskulu puhul.

Tabel 36 Biometaani tootmise avalikud hYved Eeaatistas min !.

Tabel 37. Biometaani avalikud hYved 20.a jook&adotsis minimaalse vSliskulu pubul

Tabel 38 Biometaani avalikud hYved 20.a jooksul Rootsis maksimaalse vSliskulu puhul.

Tabel 39 Biometaani tootmise kasu Yhiskonnale: 90% investeeringutoituss 20.a avalikud
hYved.

Tabel 40 Biometaani kasutavate s>idukite nSitlik arv juhul, kui 10% mootorikYtuste tarbimisest on
biometaan.

Joonised
Joonis 1.Biogaasi tootmine 2002010, jagunemine-allikate jSrgi ja potentsiaal aastal 2020.
Joonis 2 Biometaani jagunemine toorainete kaupa 'min Nm3/a,(@3%).

Joonis 3.Biometaani omahind Saksamaa, 1\ keskmiselt energiat 10 kWh, seega korrutades
joonisel toodud maksumused 10 saame tulemuse eurosentidé®hta

Joonis 4 Biometaani omahind Saksamaa&ohelinebmaagaasitrassiga litumiskuahemikus: 0.05
0.09 eur/Nm, punanebbiogaasipuhastuskukahemikus: 0.14€0.18 eur/ Nm, sinineDbiogaasi
tootmiskuluvahemikus: 0.20.54 eur/ N (Allikas: Dinkloh ettekanne WBQ)

Joonis 5 BiometaaniOpec.ja Capex thendatud Kuningriigis (Allikas: Lucy Hopewood ettekanne
WBC, ARIP 2011.)

Joonis 6.Biogaasi tootmise tehnoloogiline skeem, kusiant I puhul toodetakse biogaasist soejjss
elektrienergiat (20% kogu potentsiaalist) nimgians 2 puhul bbmetaani ehk mootorikYtd$80%
kogu potentsiaalist).

Joonis 7.Biogaasi tootmise vSSrtusahel.

Joonis 8.Lenduvate rasvhapete sisalduse v>rdlus ISgas ja samast ISgast m>>detud kSSritusjSSgis pSrast
anaeroobset kSSritamist, pruuniga on joonisel tooduwd jé5ginisega kSSritusjSSk, m>>tYhik on mg
liitri ISga kohta (Hanseer al., 2004).

Joonis 9 ihku heidetud saasteainete heitkogused Eestis kokku ja maakonniti ajavahemikul 2006
2011.

Joonis 10.Energiakulu erinevate autokYtuste kasutamisel 100 kilomébtmisel'gs WTW meetodil.
(v>rdlus on taandatud sissepritsega ottomootoriga bensiiniautole keskmise kYtusekuluga 7 1/100 km).

"IHs!™:,211°&,)0!T<<T!&..21*-+*1&", X! eeeb(’,21(&,)06))
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/$00+1'#2*'Q

Eestil on pobleemtranspordis fossiilsetelt kYtustelt Yleminekul taastuvatele kYtustele.
Nii EL kui Eesti on wstnud eesmSrgi, et aastaks 2020 peaksid taastuvatest allikatest
pSrinevad transpordikYtused moodustama kogutarbimisest 3éést sihtarvust
ollakse kaugel, 2010. a moodustasid taastuvkYtused transpordis Y0.2%.
TaastuvkYtuste kasutusele vstmiseks transpasdi® vsimalust: (a)neid importida

wvi (b) toota biokYtuseidkohapeal. On selge, et import msjlkaubandusbilansile
negatiivselt, samas kui kohapeal biokYtuste tootmswrendab t33hsivet,
maksutulusid, regionaalarengut ja muudab makromajandusliku kdusdizlansi
positiivseks.

Eestis biokYtuste tootmisel on oluline jSlgida sSSstlikkuse kriteeriume, et biokYtuste
tootmine ei vShendaks inirja loomatoidu kasvatamiseks vajaliku p>llumaa-pindala
Samuti on olulinegt biokYtuste tootmiseks ei kasutatakskesn fossiilseid kYtuseid,

kui saadakse tootmise kSigus biokYtuseid. Eelistatuim variant.on kasutada nn II
p>lvkonna sisendeid biokYtuste tootmiseks nagu igasuguse-tootmise krrvalsaadused,
jSSgid ja jSStmed ning wtta kasutusele ps>llumajanduslik (@elige rohumaad)

mis tSna on kasutusest vSljas.

tks efektiivsemaid biokYtuste 1l p>lvkonna toorainete kasutamise viise on nende
anaeroobsel kSSritamisel biogaasi tootmine ja selle puhastamine biometaaniks, mis
kYttevSSrtuselt on samalaadne maagaasBjameaan on hetkel ainuke
vSljakujunenud tehnoloogiaga kohaliku taastuva biokYtuse tootmise vsimalus Eestis.
Biometaani sarnasusest maagaasiga johtub ka selle tootmise tuBibkeetaani
tootmiseks on vaja teha investeeringuid, mist>ttu temmahind kujuneb suuremaks

kui surumaagaasi hind maagaasitanklas; mida tSnaseks on Eestis 4 ja viies on
ehitamisel. Sestapuleb biometaani. tootmist toetada, kui Yhiskonna soov on
asendada osa imporditavatest fossiilsetest kYtest kohaliku taastuva kYtugga-
biometaaniga.

Samas kaasneb biometaani tootmisega mitmeid avalikke hYvesid, nagu vSiksemad
metaani, nitraatide ja-muude Yhendiste eraldumine >hku, vette ja pinnasdekselt
vSiksem hais kSSritusjSSgi  pollule levitamisel, kontrollitud  jSStmekSitlus,
tasakaalustad regionaalne areng, pollumajanduse mitmekesistamine, kasutamata
maade harimine, " lisandunud tSSkohad, taastuvenergeetika arendamine,
energiajulgeoleku. suurenemine. TSnasel pSeval ei ole teada nende avalike hYvede
rahalised ja elukvaliteeti suurendavadSi8sed, ehk kui biometaani tootmist tuleks
Yhiskonna poolt toetada, siis kui palju saab Yhiskond biometaani tootkaiseselt

tagasi (puhtama keskkonna, vSiksemate kuludega fossiilset pSritolu materjalide
asendamisel, saamata jSSnud tulu, maa vSSusigat). KSesoleva rakendusuuringu
p>hiline fookus ongi kaardistada Eesti biometaani potentsiaal, tema tootmise
omahind, toetusvajaduse mSSr Yhelt poolt ja biometaani avalikud hYved
Yhiskonnale teiselt poolt.

Rakendusuuringu teises osas antakse Ylevwagtidatest rohelise biomassi tootmise
tehnoloogiatest ning nende rakendamise wimalustest EeskSesoleva
rakendusuuringu koostas Ahto Qjaasa aitasid Peep Siitam Arengufondist, Tauno
Trink Ot-st M>nus Minek Sirli Pehme Eesti MaaYlikoolig prof. Tnu Oja Tartu
tlikoolist .

#l<)1%&1-")(+/+,821)I13A./+3++8)! (eee61)&*6))CM&.)t8.64;4uME&.N&SNITT7D!
!
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D+09E>%,,

B+0),82122-&,52! vBiometaani kasutamise avalikud hiived)! ))1(A-0! ', !
1).5&*+8+ ')(+1')3+! *)+8(&1)! +.21)) <)1*&1!l N&()*++& 0+12*+(&1)!
(+/+,821.&028!)).821)8X! 3+/+821).N&'()*++,&*! *"*(&1) 1*)*+(&1)! (+:*! ,&,5!
1)..)! ¥)5)3 21)! 1'*1&+4+/+,821.&028! (:/28 6B+0),82122-&,52!))1(A-5&01!", !
)&8+! 0+! N&'()*++,&! 0+12*+(&1)01! 3+/+.&0)! &,3)1*))-&,52%)! (+;*X!)).8+*+3+.*!
3+/+.&02! *)*21)! (+;*1 \0"1! *2-2%:00)! 2.+%21)! /+] 4::/21)1 A-+ A&*+(&1)5+ X!
0&-/).8+8+10+3+,8+*+3+1*)5)321)5+!10++1,)H+0+12*21)!(22*216!
H(+)**)1-+0),82122-&,52!))1(A-5&01! ', 10"1*+8+!E.)3++8)!jP)*&0+*)1%!-").&1)!
N&'(+11&! 1++(&1)! 0++1+)51)8! *);,"."5&+8! /+! ,),8)! -+0),8+(&1)! 3:&(+.21)8!
<)1*&1K6IK&()*+*281E.)3++)1))1(A-Q! 11).5&*+8+1<2-"4+11")(+1'.)3!%)+8(&,)!
3)*&0+M1* -).&1)! N&'(+11&! 1++(&1)! 3:&(+.21)8! N&'),)-5&+X! 1;! N&'()*#+,&!!
*#x(&1)! ))1(A-5&.! [+! )1&*+8+! )1&+.5))! ;&,,+,5! 3)*&0+*)1* N&'(+11&! *"*(&1)!!
%); .. "5&+*)1-+0),8+(&1)10'*+1<) 1*&1*&,5&(21*)16 !

5+*&&6%$%2

B+0),82122-&,52! \Biometaani kasutamise avalikud. hiived;! *)'1*+ (&1)01!
0",8+ *&  3+/+.&028! N&'()*++,&8.+1)8!  22-&,528!  3))N&0)100',8+!
),)-5&+*+.5286))X! 1)+./22-)1! *); *& &5+! 3+1*+3+! 22-&,52! .E;&0'0023:%*)6
B+0),82122-&,5!4:;&,)N! 3+.8+3+.0&-/+,821)!E.)3++*) 6

B+0),82122-&,52! 4)+(&1)8! )).821)8! .. 3:)*28! 3))N& 0)100',,+1*!
eeeb),)-5&+*+.5286)) X! 1+(+11)10)100',8+!',10A)1'.)3!-+0),82122-&,5! 0+ E.)1!
+)*286 B+0),82122-8,52! )1&+.51)&8! *2:)(21&! +-2*+*&! 4++-&.1 0'--+.! 3A&0)1)1!
*aa-E;(+1! N&'5++1&! *"*/+*)5+! [+! ;23&5-244&8)! )18&+/+*)5+! <)1*&16! T)..)!
*2.)(21),+!3&&8&!-+0),82122-&,5211)!4+-+,821)8!/+!*A&),821)86

P)*&0+%) 1% N&'(+118&! [+ N&'()*++,&! *"*(&1)! *);,'."5&+*)! E.)3++8)! /+! :&,,+,5!
<)1*&11,),8)!10+12*21).)3:20114::&,)N! "$ RD6ZH"Z7# P&&,&1!1*'&(2,28!<2-"4+!
MP)*&0+*)1*1 %@'11&! 1++(&1)!10',3)-),*1&!)**)0+,,)%). X! (228).! (+*)-/+.&8).! /+!
&1&0.&02.112;*.)(&1).6

7'8+9'0+6 ,

Biometaani teoreetiline ja kasutatav potentsiaalne kogus

Biogaasi saab biomassi anaeroobse kSSrimise teel vShemalt 37 jC juures.
Biogaasis on keskmiselt 60% metaani (CH,4). Biometaan on puhastatud
biogaas, kus metaanisisaldus on 90-99%.

Biometaan ja maagaas on sarnase koostise ja kYttevSSrtusega->10
KWh/Nm®, 37 MJ/Nm?,

06&'5++11", 1 *++1*2310E*21 X! *)(+10+12*+(&,) M'11&&.1)%)! OE*21*)1+1)().! 3A;),8+N!
122-).[(AA-+ .10+132;")5++1&8)!1122-),) (&1*1+*('IMAA-&16!%&'5++1&10+12%+(&.,)!
+1),8+N! *aa;:&3)! 4-'N.))()! (++4&&-0',8+8)1! /+! O+ +12.+¥)1X! )8),8+N!
*441%23),)-58+! **(&1* 0';+.8021* *"-()1*X! (&1! '(+0'-8+! 3A;),8+N! 1++1*)*]

A&, +R 43:/+3)) [+] +*(IMAA-&X! (/2%+N! JAA*()0A&*.21*X! *+1+0++.21%+*28!
2)B&! ++. 1) 1+-) 52*1/+1) +38+N10';+.&002!(+/+,821*! & 5!&,,'3+*1&",&*)5)321*6! |
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06&'5++18&.! ! 1).5)8! )).&1)8! 3:--).8)1! *)&1*)! *++1%23) )-5&+! +.*)- +*&&3&8)5+6!
06&'5++1&! 1++N! 0+12%+8+! *++1*23))-5&&0+,+! ).)0*& [+ 1"/21),)-5&+!
*k(&1).rl 0+12%+8+! 1).)! 42;+1%+(&1).] N&()*++&01! ("*-&0E*21)+X!
+1),8+8)1! M'11&&.0E*21)&8! *-+,14'-8&1)0*-&1r! -+0),8+8+! 1+(+8).1 ))1(A-0&8).!
A521(++5++18&1/+1/2;*&8+E.88&1)11)!(++5++1&*-21*&0026!

<2-"4+11&-)0*&&3"ZZHCDDC<WI*+5+NXI)*142;+1*+*28IN&S!); 01 L&& 1IN ()*++,&!
3:&NI1&1)1*+8+!(++5++18&3:-0210:80/+.1<2-"4+1D&E&B216!<) 1*&1I¥A, +13+1*+3]
0'5)(21!142282N6!b&1+011)&!0',02-))-&IN&'5++11¥&82.+2+5+XI¥)8+! 1+20H)8

* L AAR)F) THH1&. 15X (& 1], &&8)*+01)I0+1 2%+ (+*+](++8) *XI1))*:¥+21" I+10+!
E0L14)-14)0%&&31)(+&8IN&'OE*21)&81*-+,14'-8&1)0%-&1!" )(+1'.)3+*)!
%);,'"5&+¥)5+6! |

%&'5++1&! 1++8+01)IN&'(+11&! +,+)-"N1)! 0AA-&*+(&1)!*)).6!L,+)-"N1)! 0AA-&(&1)!
4-%1)111"1')(21). 41 1+(+X! (&1 *&(2N!."821)11.);(+!"-5+,&1(&1!3:&! 1"8) 16!

%&'(+11&! 1++N! /+5481:..2(++.! 0+13+3+01! N&'(+11&01! ,+52! ;)& X! *)-+38&./+8X!
:.&02.%22-&8! [+ *"*(&1)1! *)00&3+01! N&'(+11&01! ,+52! 1:,,&0X!-)'3))(28+! ,&,5!
'5++,&.&1).* .+52,)3+8! /AA*()86! T++828! N&'5++1&! OE**)3AA-*21! /AAN! ), +(+1*&!
3+;)(&002! D! Op;CK( *#6! b&1+01! "I N&'5++1&! 3:88! 1++8+! ,,! &1)),)1.&02!
+,4)-"N1)! 0AA-&(&1)! 4-*1)11&! 0A&521! 4-E5&.+*)1* \4-E5&.+5++171 /+! 1))! 0'002!
0'528+! ,&,5! (22,8+8+! 0+12.&0201! ),)-5&+016} %&'5++1&! 0"1*&1! 3A./),82N!
IA-5(&1%)1! (+;24-'*1),*&8)1fl DZ YOZ[! ()*++,&\G] "X #T$Z[! 1E1&;+44)5++18&!

\GH /X! +..+##[! 3AA3).3)1&,&002! \]- TN /4! +((,&++0&! \K] #M ,&,5! +..+! 7[!
3)1&,&0026!1);,&.81).*1 42;+1*+*28! N&'5++1L" I N&'()*++,X! (&..)! 03+.&*))*! 3+1*+N!
"821.&02! (++5++1&! 03+.&*))8&.)6! %&'()*++,&! (++5++1&3:-02! 3&&(&1).! <)1*&1!
*&,5&(21%)114)+01!1))! 1&1+.8+(+!3A;) (+.*I=F[ N\l R[N ()*++,&\G] $¥3:&!4)+N!
4-'4++ &&1+()5+! ") (+! *+5+*28! (++5++1&5+! 1+- +,)l OE**)3AA-*21! /+! p'NN)o&!
&,8)016!@2;2.X!102&!N&'()*++,&!*+-N&(&,)*'&(2N! (++5++1&*'-21*&021*11: . *2(+*2.* X!
1&&1! 3:&N! ()*++,&1&1+EH**)3AA-*21Cp'NN)! &,8)0L.+!"..+! 0+! 3A&01)(! 02&!
=F[6!]..+,8&1!,A&*)01!" | (++5++1&11+&,2.*IF=[I )*++,&X!),+(.)3&,28!",I=D]!
(0*++,&1&1+.821)5+!(++5++16

Biogaasi tootmine.Eestis

Eestis toodeti biogaasi 13 min Nm?®2010.a., millest enamus pSrines
prYgilatest ja pool toodetud kogusest ei leidnud kasutamist. Aastaks 2012 on
biogaasi tootmine kahekordistunud, ca 25 min Nm?®.

<)1*&!1?',02/20*22-&&,1*&*228&E.)3++*) LN"Z77MN*"8)*&!"Z7Z6+!1)&1 25+ 7T#XTH#!(.,!
K( #IN&'5++1&X!1)..)1*!),+(21! 4AVR 4-E5&.+*) 1*1\=X#! (.,! K( #7Xd)'3))1)**)1*!
*8)*&V.&S&H!I (L IK( A +1+. +1(&./,&!*"8)*&!1)+. AS+18'Z7"1++1*+!.:4201!",1*aa8!
+.21%+,28!IN&'5++1&!*"*(&,)!L-+3)*)1 %&'5++1Hs1X! (+01&(++.1)!3:&(2121)5+! V+!
O! (,| K( #I N&5++1&! /+! 3)).I " 4:..2(+/+,821.8&002! \H&12! /+! P&, & ,&,5! "I
-)'3))(28+! 0+12*+3+8! N&'5++1&/++(+8! ', 3+.(&(+1 !\?2-)11++-)! [+! i+-*27d
T&L*F1LA;&++1%+%) 13:&NIN&'S++1&1*"*(&1)!(+;*10+;)0'-8&1*2846,&1!7 N
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Joonis 1 Biogaasi tootmine 2002010, jagunemine allikate jSrgi ja potentsiaal aastal 2020.

Eesti teoreetiline biogaasi potentsiaal

Eesti teoreetiline biogaasi (60% CH,) potentsiaal on 1.5 miljardit Nm?a,
puhastatuna biometaaniks on eesti teoreetiline potentsiaal 900 min Nm?* (CH,
98%).

<Q1*&1*)'-))*&.&1)01!0Z[!GE!1&1+:821)5+!N&'5++1&!4'%) *1&++.&01!" ! &,,+*2GRZ6F
TXD!(&./+-8&*K(XI\RI ()*++,&,+X! 021! ()*++,&N\G] sM', | =F[ X! 1&&1! 3+1*+3+.* 1 §RZ
=Z7Z! (&.I'&*! K( #C+AlL 1::*23+.*1 1)..)1* 02&! 4+./2! (++8! 0+12*+*+01)! -;).&1)!
N&'(+11&! 0+13+*+(&1)0OBibgaasi tootmise sisenditeks on: reovee muda,
biolagunevad jaatmed, suurimad priigilad, arvel olevate sea- ja veiste laga

ja sonnik, roheline biomass koélvikutelt, kasutamata pollumaade pindadelt

ja poollooduslikelt rohumaadelt.4!H,! .2.&,)! (A-0&8+X! )*! N&'5++1&! /+'01!
0+13+*+*+31-").&,) N&'(+111)&UW)+! ') (+!."  (+1laa8+! 1&." 03+.&*))8&H+ 02&5&!
4:.2(+l+,82 1**/+8!'1+,8,28!+2*-&.)!&1&0.&021!3)1*.21)110+;)12521*X!(:,)*&!
3+1*+0+*" & M'-(+*1&",&fl \+7 ) '(+;&,,+1! 4')! 3+;)*X! 0+1! *))8! 1&."
S(+1aa8+01! 3:&! N&'5++1&! /+'01r! [+ \NA )*I N&'S++1&! 1&.' ', 3:&(+.&0! *);+!
'8+3+(+.*X!)-&*&! 02&! 0+12*+8+! 3A)*&1),+! +ORAI&*21/AA0&! /+! 0+13+*+8+! 1&."!
4E1&-2(++8).X! 021! ,A&*)01! 4A&8)-"! 1++5&021! 3:&N! 2.+*28+! $Z! *C;+! 3A-10)!
(+11&,+\P""X!(&..)!3:&(+.&0021*10&,,&*+N!0+!3+1*+3!<"s122-& ,5\PA-,&0X!"Z7 7/6!

T'0)! %&'5++1&! L11*1&+*1&"! "1 0"1*+,28! *++1%23+! () ++ &(+/+,821)!
))0++-8&!++1*+ &1"ZDE .. &0+ -&! b+(4&,), X1 T2'(),| %& 0++12, 1*-+*)58+X1021!

$http://www.energiatalgud.ee/images/d/d0/Roadmap to Renewiddtiirane Econo
my.pdf
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O*++,&N&! *8)*+! +&,2.*1 +,+)-"N1)! OAA-&*+(&1)! 4-*1)11&1X! 3+&8! *+..)*+*+01)!
AA&0) 1R/ +1*22.)),)-5&+*!()*++,&,+6!<)1*&11*+'.&1&!+-32*21&!4" )1 *A,+1)01!*);*28X!
OE..I'')1 1))! +5+ 1 3+/+.&0! 22-&(&1*))(+! iUL! -++()16! T))5+! on biometaani
potentsiaalne kasutatav kogus arvutatud ainult biomassi anaeroobse
kaadritamise teel saadud biogaasi kohta®

Eesti kasutatav biogaasi potentsiaalne kogus aastas

Reaalselt kasutatav biogaasi hulk aastas on 633 min Nm®, sellele vastav
biometaani potentsiaalne kogus on 380 miljonit Nm*/a, millest 9 miljonit Nm®
moodustab prYgilagaas.

<)1*&!%);,&.8&+/+,821.&02.*10+12*+*+3IN&'S++1&!4'*) *1&++.1" 11 ++32*%+*+3!
'1+0++.28)5+!+..".)3+*) 1*112N1*-++*&8)1*10" 11+-3+3+!10+12*21).)3:*2! +/+ 5#f!
¥ 7D[N\'Z"zM02,&! 25% (2050, 25’000 ha”!."8210+&*1)!))1(A-0&8)!
&&8)*2814". R'821.&0)10"1.21%)5+!(++8)1;)&,+1*X! |
[ saagikus 9 t/ha VM, biogaasi took on 119 Nm3/t VMI!!
¥ "Z[\"Z"ZMN02,&! 50% (2050, 177°385 ha)!0+12*+(+%+14;..2(++ 8)1*!
1++8+3+1*11&."1*!
saagikus 15 t/ha, biogaasi took 155 Nm3/t VM;
¥ D[4:.2(+/+,8210:.3&02%).I" I'L?!/A-5&!1"3&*+*+310+12*+8+!
),)-5&+02.%22-8&8)10+13+*+(&1)01\7yZOFy##Z1))0*+-&1*ID[X33'917 haX!
saagikusega 15 t/ha, biogaasi took 155 Nm3/t VM;
¥ FZ]1*)00&3+1*1-)'3))(28+1*10+12*+*+01)IN&'5++1&!*"*(&1)01X!
biogaasi took 15 Nm3/t VM
¥ ODI0'52!*)00&3+1*11:,,&021*1/+ AG+1*!" 13:&(+.&0*"*+IN&'5++1&X!!
biogaasi took 25-29 Nm3/t VM
¥ FZ[.&&5&*&!0'52*28IN&IAA*()*)1*\*&82+&,)*aal*2 1 X | B4el5&
1a30.+/AA*()8"X!
biogaasi took 166-300 Nm3/t VM.
Tabel 1:Biogaasi energeetiline ressuessstal 2050

Biogaasi "H#S%&!" (#)

Biogaasi teoreetiline 90% on reaalselt  potentsiaal  *$!&(I1+#"))
Substraat 0, tonni/ha tonni/a Nm3/tVM biogaasi Nm3 reaalselt kasutatav% (60% CH4) -./0)1234
HP%&'("H)*"+"*"
+" -0%* .//0123 .3455 607750//3 .33455  8.608650.63 1/.0./20..1 554559  1/.0./20..1 N"#$%" &% &
#$%&'39'
5%%0)+"<"=, ) #+"
"%* 310>./ .3455 2520/33 .33455  .63013/0563 ..6026.0161 .554559 ..6026.0161 %#"%""#'(
#$%&7?!-$="&&%
%&&,)#%$(-%*
"%",-%* .550555 > >550555 ..>455 .5/0.550555 >701>50555 634559 6805>/0355 )("(*&"*$$
A-$#-%BC" )%+")+* ) 102/501/2 63455 >70/3>088/ 2/05210356 /64559 760/550.66  +#"%!$"$#+
#-"%BC" +%$"'$ ' 1>30628 6>485 ..076.013. .5083>06.7 734559 70/>208>5  ("$#"$'(
5:%%)+"<"=,}#%$
(),'+)),'<BBC$3,' +1"))( ) 160.68 .33455 80>/>068. 8082.01./ >54559 805110.23 !"()"™))
D$&%"C)=-A"
*8$,)"$=-**EEH
#-#* (1"%%# 86077/ 155455  6.01110111 .>06550555 254559  .301750555 "1)%"$$$
-F'%,$'(&C)*),'
D$&%"C)=-A","
(EEC$@'<"
#EE(%"<BB*+-, 1("$$$ 680555 77455 10>280555 103230755 254559 602720825 )"#!)"$&&
F-&A--#-*- (%%"#* 8770>/3 .3455 /055807.> 701580.3/ 254559 305810167  +"$I*"*
*EE#*)#<BBCS$, 1*'$$$ @ @ .807550555 .10.850555 .554559  .10.850555 #"&&("$$$
Kokku (ilma
priigil ita) 805,159,141 724,643,227 618,040,538 5678290859
:FGC$%" ,H 6.05550555 .20>550555 254559  .30.650555 "'$#!"$$$
Kokku (koos
priigilagaasiga) 826,159,141 743,543,227 633,160,538 561821:8597
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! B)++.1).* 0+12%+*+3] N&5++1&! ;2.01 ++1*+11 || O##! (K( # 0"1!
4-E5&.+5++185+X! (&1 N&'()*++,&,+! *))N! ++1%+1)01! +-3+*+3+01! 0'52AP7B!
1V HFZ) (&8 K( #XT (&) 14! (&./',&*) K( #1("821*+N! 4-E5&. +5++16! 22, +!
N&!()*++,1" 1 '(+1'(+821%).%1 [+1),)-5&+1&1+.821).*1 3:--).8+3! (++5++1&5+X! 18&1!

' 521 3:-8.21)01! *'828! (++5++18&! *+-N&(&,)! <)1*&1X! (&1! "Z776+! ".&! O#"! (_,!
K( #C+6 <)1*&! N&'()*++,&! 4'%)*1&++.! *-+&)%)1 0+24+X! 0A**)1++8+321)!
\0+12%+%4+321)A'1+0++.XI%); &RA+,821.802 %10+ 12%+*+ 3IN&'5++1&! [+IN&'()*++,&!
0'5211++1%+11'1*'8281* +N)&I7Y/+!/".&1).! "6

I"HS06&" (") 4+,)$.()/$01')2345)6789)
)%+ #-)/0.1.0.#1..23+0#

)%+ HA5HET++1.8.92/)1. +0#

0 )*+,53*OH6,, +<+,,2/)+*-3+0#.+.23+0#
P T et

W =3%)3+>2.4
&# )3.4>2.4
67++/1.8.92/)+*<tt-124#1//2#8>>7* 24
@*,+.?/93=.2#0,*2/.*93030AA)0/) 3)0#
3B.+2*#-,2/0/2#@*,+.2/93=.2#-AA?*<
)AA-+.8>>0132#

B3,=33)303#

0AA)0/)8>>7+2#

6BC?*+.2D#

Joonis2. Biometaani jagunemine toorainete -kaupa min Nm3/a,(@3%0).

<).8+()X! )* I Q1*&1! '] *1;21+1 1"/+0+12*21)5+! ,&&! 4+./2! +120"*&X" YZ[ !
*'8)*+3+1*1O##! (., | K(XC+IN&'5++1&1*10+12*+*+01)!1"/21)!3:&!).)0*-&!/+!1"/21)!
0"1**(&1)01! ,),8)1! +120";*+8)1! /+!1))5+! E.)/AA,28! 80% biometaani
kasutatakse mootorikiitusena, ehk siis aastas 304 mln Nm3 juba 98% CH4
sisaldusega®*+N).I" "6

Biometaanipotentsiaal asendada fossiilseid importvedelkYtuseid

80% biometaani potentsiaalist (304 min N._m3/a) on kasutatakse transpordis
aastal 2050. See moodustab 30% vedelkYtuste 2011.a. aastasest tarbimisest.

T*+*&1*&0++H&!+,8()*).1*+-N&*&!<)1*&110'002!"Z776!++1*+.1DDO!ZZZ!1*18&&1.&*!/+!"OO!
ZZ7!*'N),1&&,&X! 7! .&&*)-! N),1&&,&! 0++.2N! ZX90! 05! /+! 7! .&&*)-! 8&&1.&*! O++.2N! ZXF"!
T))5+*+-N&*&!E;*)0'002!09F!22717277!.18&&1.&*!/+#DZ212271277! IN),1&&,&6

|

s;)! .&&*-&! 3)8).0E*21)! ),)-5&+1&1+.821! '! .&5&.A;)8+)! 7! 0224())*-&.)!
N&'()*++,&.)X! 1))5+!saab 304 mIln Nm3 biometaaniga asendada ca 30%
2011.a. tarbitud fossiilsetest vedelkiitustest! \V+! 7! (&./+-8! .&&*-&*! ++1*+17X!
*)+824A-+1* "1 -&&0.&0! ))1(A-0! +1),8+8+! ++1*+.1 "Z"Z! 7Z[! ("*'-&0E*21* )1*!
+1),8+8+! *++1*23+*)1* +0&*)1*! 4A-&,)3+! OE*21)5+6! <.&QA[!F*);,&.&1).*!
0+12*+*+3+! N&'()*++,&5+! 1++01! 1)-8K0.&02!))1(A-5&! *A&*+! 4)+1 0'Q(}81).*X!
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1)1%1" 1 1).5)X! )% 1)+.1 02111 1"/+*+-N&(&,)X!",! (:&1*.&0! N&'5++1&! 0+128+! 0+
))O*-&! [+1 1"/21)1 0" "1 **(&1)0LX! 1+(+1! )& ") (*)*! ).)0*-& R /+! 1"/21)!
0"1*"*(&1*! :+--+1*+8+ 0'7+8)1X! 021! 1'/21).)! 4')! 0+12*21*6! %&'5++1&!
4'%) *1&++.&1%14)+0 11 /A02(+! (:.)(+011*1#+-N)01!/+! 3+/+821).1 1++NIN&'()*++,&!
*'%(&1)1 0'521)&8! 0+! 122-),8+8+X! )-&*&! -:).&1)! N&'(+11&! +-3).X! 122-),8+8)1!
),8)! +.+8)1 48,8+ +X1021*1-") & 1*IN&'(+11&! 0'528+6! KA&*)01! 0+12*+(+*+! (++8)!
0+12%21*! *: 1%+ E.)I DZ[!\'.20'--+1X! 021! (++! (22*2N! 8)M&*1&&*1)01 X! 3:&01! .. +!
1%-+%))5&.8&1)011)) L(A-5&0LX!)*1<) 1*& 110+ 1 2%+ (+*+1 (++81)&!".)X!."8210+&* L P)-+
D&+ 0+12%+(&1* *1*+1 E)l "I /)6! 221 (++! )& 1'N& 4:..2R 3:&!
(*1+(+/+,821)01X! 3:801! 1)8+! 0+12*+8+!1),)-5&+02.*22-&8)! *"*(&1)01! N&'5++1&!
J+'01X! 021! (++! )&! 0:.N+! 1)01X! 0+12%+8+! (++8! *22.&0PHA&LOD)1)4+,)).&8)X!
3)*&0+N&-)+0*-&*)5+10+132;" )¥) 13:&!( )*1+&1*+,821%)\),)-5&+3:1+"I/+'01B!

Tabel 2 Eesti biogaasi jhiometaani potentsiaalne kognisg selle elektriline ja soojuslik
nimiv>imsus (vastavalt38%ja 42%kasuteguri juurefa 8000el tSStunniga aastaspBiometaan
otentsiaalisP0% kasutatakselektri ja soojuse koostootmiséSEK) ja 80% transpordis

279.17E"$,.
(0)*+,%"-). IE"$, - &A)'%. *+'00'&F,. G?9.
1*%,-%%$)"0. ;<=.,0."$%'S$. 1<=.%=."$%'$. #)*A"$). $E"$,-,&A)'$
+0-.1+2. 38>??.%@@%"- 36>9. %**%+)$,3. %.+HHA)CY
1"#$%&"% 3456.789: 289.C'$"%,A"&)A' D<.1,0. C'$"%,A"&)A": 3i<=: 3i<=:
1"#3$%&"'()*")'%
*t H) /0- 01 2/3 -3. 34,
1"#$%56%
T8H#H (9" +(1*"#) 32 -4 -/ -33 21 423
"#$<=":%7$$#>
HES+(1H"&,H)%'H + H#) 4; 54 3 5/ 4/ i1
2 H@A 2 4. 45 4;2 b 41;
L'H@A' ; 45 - 43 5 44
T8HH(* 9" +(1#"&(+%
*((+%9@@A"+% - 0 4 41 . /
B"$#A(:,?'+%
)$"+(":,),)CCH (L) 0 . ; 3 44 -5
,D'#+"%&S$A()(+%
B"$#A(:,?'+%&CCA">¢
ICC&H#9@@)*,+ - 3 4 / - 5
D,$?,.!,), . 44 4 4- ; 2
)CCH(19@@A"+ 2 5 ; A4 0 --
E$&&(%F"#*'%
7DGA"#A"I"YH 14 41.-3 454 41,52 i/ 411-4
7DGA"#'+] 0 .- ; 3 44 -5
E$&&(%F&$$!%
7DGA"#'A"I"A'H 21 41.52 455 41,0 2 411;5
>?9.11J >G> 2K >77 7? >?7
"#$%&'()*++,%
*-+.[-0&. 1"2
K"$%,)":"% 7$);:)!" " #%
1+ %2, + #&G)(!, "+ %
F-144L'L%)'DB"*",%
'#(!, #1%4%*#9%#H 16 %

$&I+*22:$,<&*+:*0$228%, %20+, ++86'0+6

068 ()*++,10+12%+(&1)!)).821)8!" | +&+ 11 ++1*2 1 1# *EE4&I\+11)+821+,8.8028r\NAI
(+/+,821.8028! [+1 \VA 0)100',,+*)+8.&0021)X! ;'&+02%)! /+! 3AA-*21:&,,+,52%)
4::8,)3+8! )).821)86! ?A)1')3+1! 4)+*E0&L! *2*321%+()! )&1* )).0:&5)! 0+:*)!
)1&()1*X! 0'52! E.)3++%)! ))1(A-0&! 1&.(+1! 4&8+8)1! O)LB2()! (+/+,821.80).)!
)).821%).)6!
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Biometaani potentsiaali kasutamise seadusandlikud ettepanekud

MetaankYtuste soodustamiseks transpordis tuleb vSlja t$Stada biometaani
kvaliteedi standard (metaanisisaldusega 95%), luua tasuta parkimise
wimalus metaanssidukitele, sSilitada ja tagada kYtuseaktsiisivabastus
biometaanile ning sSilitada aktsiisierisus transpordikYtusena kasutatavale
surumaagaasile (CNG).

00&'()*++,&14%) *1&++.&10+12*21).)! 3:%(&142282%+311)+821+,8.&0!-)52.+*1&",!

3+/+NI*A&),8+(&1*//A-5(&1*)1142,0*&8) 11!

76! CAA-+%)8+! <)1*&! i++1%23))-5&+! *)5)3210+3+1! "Z"Z! N&'()*++,! 028&!
)).&1+-),8+*+3IN&'OE*21X!0"1!))1(A-5&5+!1++32*+§ihitarv 42 ktoeN&'()*++,&!

0+12%+(&1*I("*'-&OE*21),+N\3+1*+NID[I'L+0++.2 )N ++1*+011"Z"Z1/A-5(&1) *

2014 2015 2016 2017 2018 2019 2020

7! 9l 7D "l #2721 #F! $Q

|
" liaa*+8+!3A./tbiometaani kvaliteedi standard/\()*++,&1&1+.821)5+!=D["/+!
1)..).)! 1*+,8+-8&.)! 3+#1*+3+! N&'()*++,&! (++5++1&*-21*&002! 1&1)1*+(&1)!
4-%*1)822-X1+1/+'1+.&1*%)1:&521)8!/+!0';21*21)86

#.1b22+1-)52.+*1&", X!(&1!0';21*+N!5++1&3:-52!;+.8+/+&8!3+1*213:*(+!1*+,8+-8&.)!
3+1*+3+*IN&'()*++,46
$.1"22*+!(++5++1&!03+.&*))8&!1*+,8+-8&*11)..&1).*X!)shethanisisaldus oleks
vahemikus 95-98%©6

D6! b22+#hsuta parkimise!3:&(+.21! 12-2(++5++1&! /+! N&'()*++,&5+! 1:&*3+*).)!
1:&820&%*).)X!1;!)-+.8&!4&&-0'",,+8! +&,2.*1 +.*)- +*&&30E*21*)! 1:£&820&*)! 4+-0&(&1)01!
\3+1*+3+!(A-5&1)!"1*(&1).Mr!

(B Metaankiituste soodustamiseks. iithistranspordis! *2.)N! (22*+! 3+1*+3+&8!
1A**)&8! E;&1*-+,14'-8&1)+821)1X"1;! 2! 79f!ji")*21! E;&11:&820&*)! 1')*+(&1)01! 3:&!
,),8)! E(N)-0';+,8+(&1)01k! /+!'z! 7F6!!ji")*21! E;&1*-+,14'-8&! & ,M-+1*-20*22-&!
'‘N/)0*&8)! -+/+(&1)01! /+! 22),8+(&1)01kX! 1)..&1).*X! )*I ()*++,0EL*! 0+12*+3+8!
1:&820&8!",1)).&1*+*286!

96i);+!1)**)4+,)0!?HP. R&8).)!1)*+8+!kdikidel transpordivahendite hangetel
metaankiituseid! 0+12*+3+&8! 1:&820)&8X! 1;! .&1+8+! .&,,+8)! E;&1*-+,14'-8&!
-)&1&/+*)3)1 5+,0)0,02-1&! *&,5&(21%).)! ,:2)! 0+12*+8+! DRZ[! 2.+*21)1!

0* ++,1:&820)&86

F.! Sailitada! /+! tagada! kiituseaktsiisivabastus biometaanileX! 02,+! 1))! '!
0';+.&0*++1*230E*216!

=6.Sdilitada aktsiisierisus transpordikiitusena kasutatavale surugaasile!
\GKw/l,&,5!+0*1&&1!1 12-2(++5++1&.)! ("*'-&0E*21),+1\GKwN! ) &! *:21)1), )1 "Z""6
++1*+* [+ 4A-+1*1 1)8+! ;+00+N! 3+/+821).! *:21(+! +1*().&1).*X! /AA8)RZX
(+8+.+(+01!M'11&&.1)*)!I0E*21*)!1+0*1&&1&(+0121*6

Biometaani maagaasi vorgus kasutamise majanduslikud eeldused

06&'()*++,&! *"*(&1)! 3+/+8211 *2.))N! *)(+! *"*(&1)! O+..&(+1*! '(+:&,,+1*!
3:--).8)Ll(++5++181&, +5+FA +I\(+&!"Z7HN)) 1*&1%+,0.4%)1612A) 1) 3+114)+*E0&1!
0&-/).8+*+01)! E;)! -)++.1)! N&'5++18&/++(+! A-&4.++ &1 +.21).1'(+:&,,+1 02/2,)(&1*X!
&()*+8)1! 1)8+! *&,5.802.* A&B&IEMIKA&S&L! )&! ") 1))! +-32*21! 0&,8. 4&*&)!
))102/2X! 3+&8! 4&5)(4"*/++(+! 3:*()1X!1 )*! (&**)! 0+12*+8+! 0&-/+,821)! 0)10(&1&!

Ahto Oja ahto.oja@monusminek.ee 79




Eesti Arengufond Lopparuanne - Biometaani avalikud hiived August 2013

(+/+,821, A&*+/+&8X! 3+&81 -)++.1)%).1)) 1*&! *&,5&(21*).1 0+12*+*281 B D+~ )R/+!
%+ 14'-8802.21&8!,&,51);,"."5&+!;&, +4+002(&1&6!

Biometaani omahinna kujunemine 2012. a andmete alusel

Néidisquma biometaani omahinnaks silohinnaga 30 !/t kujunes 0.8 !/Nm 3,
SamavSSrse surumaagaasihind tanklas on 0.46 I/Nm? (iima kSibemaksuta).

008&'()*++,&! A&B&L/++(+! A-&4.AH4:& NI -)++.1).4 "Z7" 64/22,&11 0"1*+*28!
A-&4 ++&.)X! 0211 '3A./+! #'828! ))1(A-0&8)! 1++32%+(&1)01! 02.28)! [+! *2.28)!
M&,+*14-5"1&8 X! (&8+! ' *A&,8+*28! "ZT#6+6! -)++.1).*| *aa*+ 28!
N&'5++1&/++(+8)! +,8()*)! +.21).6 2A)1')3+1! *aall ',! 1)8+! 0+12%+*28) +21),+!
A&FH(+01! N&(O)*++8&! '(+:&,+! 02/2)(&1* [+ N&()*++8& **(&1)!
(&**)*+12321*14-+)521)|(++5++18&!(EE5&;&,,+1/22-)16

|

KA&B&L/++(AL&A ++,&11" 1¥"8))0L!" IN&'()*++,/+| 0AA-&*2 LIAADB!I 2AA-&*21/AAD&.!
4-1)0%&)1&()1) 11 )*+4&11)&!".) 0+3+11%2-21%+8+1*"%) + X1 OE..| 45+!" 1 +-3)1*+*28]
1)..)5+X! )* OAA-&*21/AA5&5+! 1++N! 3A)*+8+! )&8! 0:IDR02EEX1)*! N&'(+11&!
1++8+01)X! 1).)! *2.2! "1 *+1+8).8+*281 02.25+X! (&1} (2&82! *2.)01! *):+!
0AA-&*21/AABE! +821%+(&ANPIB21). X! )* L+(+1*-+{14!-*X1 (&LI*"NI/4++(+1-%1)*]
N&'(+11&X! 3&&N! A-+! *+;0)1%+*28] 0AA-&'PLIAABRO21! N&'5++1&! *'*(&1)!
0:-3+.1++821%) 1% 1 | 3:&(+.&0)01! *'8)%)01! (+)3A)*&1)01! 3AAL,8+28!
0AA-&*21/AAO! \)).821)01! ',! &,3)1%))-&,5! OAA‘&*21/AA5&! ;E5&),&1))-&(&1)01! /+!
+821*+(&1)017 1E1&;+44)5++1! \)).8+Nk.&1+8&,3)1%))-&,5XDA)1'.)3+1! ,A&8&1
A-&4.+&11 3+.8*28! 42;+1*21%): . "5&+! 3:&(+.+N! 1E1&;+44)5++HD&.8+8+X! +5+!
),8)! *2-21%+(&1)5 + 1++N! +-3)1*¥8+1 4-7)0*&! :&.&1)(+*)1! )*+44&8)1X! 028&!
N&'()*++ &% (&)1 I/2N+11*+N&:&1))*2,28 I/+1.&1+*"8)%).)I" I')(+11*2-5 6!

|

W&, +*14-'5,"1&8)!  (+0-'(+/+,821.&028! A&+ /+8! '  3:)*28!
B+;+,821(&,&1%))-&2(&10!82.);).*6!T)..)10";+1) *14-'5 "1&*+01)I"Z  7#6!++1*+01!
T?>!  ['01)3;&,8+8)11% 7969! (.81 <JBX! T?>! -)++.0+13201 #X!
*+-N&/+;&,,+:&,8)01&01I#[!/+10)10(&1)01!0224+.5+011=7Z!<IB6

|

n,3)1%)-&,52%)11122-21! 0"1,)N! 0'.()1* 0'(4'),8&1*X! *"*(&10'(4.)01&!
{3:*()8!, 0A*)0! &, +4+002(&1)! ', ¥)&,28! i);,."5&+*+-,&/+ 1 7! 12((+1!
"OSF7QZZZI<IBI/+1%)&)1¥);, "B&+*+- &I+!",1%)&,281:&,,+4+002(&1)!"072Z02ZZ!
<IBX! (&..).)! .&1+,823+8! 0'((2,&0+*1&",&8)! 3A./+);&*+(&,)! /+! ):&*21*aa8)!
(+012(216!T))5+1")()!0+12%+ 28i);, . "5&+*+- &/+17).:44;&,8+6 |

|

w++1&42;+1*&!;&,8!",| F#D0ZZZ!BA! (&..)! ',! *)&,28! *);,"."5&+*+-,&/+! #X! (&1!
0+12*+N! 22*1 YM)0*&&31)*! ()(N-++,42;+1*21*6! w++1&*-+11&! -+/+(&1)! ;&,8!
**(&10%+1* (++45++1&! .&&*2(&142,0%&,&! ',13:-52%)),21*%)1  )**)3:**)] 4" *]
*);*¥28!1/+1' 112((+11##0FZ2Z2!<JB6!>-/)0*8'02() ,*+*1&",&!/+!14-/)0*&!/  2;*&(&IR
,&,5!);&*21/A-).3+.3)! 02.28)01! ',! +-3)1*+*28! DZ0ZZZ! <JB! ,&,5! 1&.";'&8.+*)! /+!
0AA-&*21/AAB&!;'&8.+%)1);&*21(+012(21)01",1+-3)1*+*28IDZZ0ZZZ'\iB8). 1#" !

|

Seega tinaste hindade juures, inflatsiooni arvestamata, on

koguinvesteering 3'899’800 EUR, 2013.a. hindades 4'094°790 €.

|
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2'52&,3)1%))-&,521*!' 10+3+119Z[1-+;+1%+8+1.+), 25+ \"0OFOO0#DH# <IBN/+#Z[!
'(+'1+.21)5+N\ 70" FOS$H#II<IBABID+),I' 1+-3) 1*+*2817Z1++1*+14) +.)1& *-) 1185+

o[6!

Tabel 3.NSidisbiogaasijaama investeeringukulu

FGBD/7DDHEGI I"#$%&' (&6 &'() 9
*'+,-,"$+.%/.%0112"BUB o J44K444 7&78" 9
_|“$+-%

9,,3:"50,:;;+<05 % &8=>(8"9 &8?'78'7'Y
@..5"4-.53"%ABCEDE LAJK444 >C?8C7P
F2,/<03%,04:<#3.35",,#%/. 78" 9 7&87"9
0,,+"34%0

Gaasitrassi rajamine* 33800 )78=BY
F;(+0*++>%$;C'6,%&%%' AKLMMKU NK4MNK(
F;(+0*++>$;C' *&+*0 4, 4,
H+228;+,3;(+0*++>$;C',(2126'0 NK4AMNK(
G.<#o C'DY &8>?78)F
H..,5.+45 % )D 9 3K..LKNA
i"-001! b= N&'(+11! O+12%+(+*+! (++8).*X! 4", R'821.&0)! +.+8)!

&&*(&1)1*1 1++8+31;)&,X!02,&! D[14:. . 2(++1% [+ & &5&+&NBHIE IAA*()8INi+N).!

$EK&()*+*28!*"-(
biometaani®

)¥)1*11++N!0'0022 min Nm3 biogaasi ja 1'250°000 Nm?3

Tabel 4.NSidis biogaasijaama tooraine kogused aastas.

H&#*;+,2$&9200 *+0%0+,*&;;$,220*20
1540,-3%06 (8&" 9
.540,-3%%0 (7" 9
.540,-3%%6 1,800
1540,-3%%0 1,000
1540,-3%% 3,000
1540,-3%% 3,000
Kokku 10,150
$&1EE*9+6,*&$6'2%;+*PP0*'0+0*
J33<KL39%0( 400
J33<KL3%%0& 1100
J33<KL3%%0) 30
J33<KL3%%0= 300
J33<KL3%%067 1090
J33<KL3€%6? 400
Kokku 3320
78&&>+,%&% %', Q*R2K,A4S, T\ 13,470

i+N).&1! D! ',1 *'8281 *"-+&,)! ;+,0)! /+! 3)'02.28X! 0224())*-&! 0':*+1
#Biaa/:202.28)01!",1+-3)1*+*2810'002! 76 F! & &(*aa0';*+X! (&1!
J+52,)N1 76D! 0"-(21*! N&'S++1&/++(+! '4)-+++-&.)! [+ Z6# 0"-(21*1 /2:*&(&1).)X!

*_().)1Z679|C(

0)10(&1*)1*aa/:202.28)5+!",14+.5+02.28##0709!|C+6
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722+8,341"$"5N",6..5"..:.%3,,2."#<%-. #0R6%K<,04+85004%..53.5%#"#6%3,,2:<%04-BISNPRo

788&>2%;%9'8'6,%&%%' 0
Q,-35<%N",:.55"%K<,04+4 &)8=>)
Q,-35<%N",:.55"%-.#0<0%+4 >'8" 9
J33<KL3<Bafke ja veokulu 787" 9
J33<KL3<Ba&ke ja veokulu )8)&' 9
R44$%K<,04+4$%0%04 &8('(Y
TWWHS5D, XFGYVTTZQ[R2V SNKN4
TWWH5D,XFGY,39\ 4-30
Tabel 6./ KA&B&IN&'5++1&/++(+!(22*2302.28!++1*+16
7DIDBZ/TZ!Z, 9 9 9
H2292*'<$629%;+, 3<<#45<% 3<<#45<% ..53.%0444
:.054:45%044%% | ;<2",,$ %

0 " ° (&9 (8&" 9

7&&*9%$0<>&*0+00%,%'| K./.$45%;1<K.5% | :.054:45 % ..53.#<9094+4%0,0%4
0S- %

J+<039%2 (&=B 'P'>9 )?=>'9
TU3¥%0 7=CB; '‘P'==9 >>(?'9
J+<03<2%A;4-.53"%V?9 (7(7 9 'P'>0 ==&)>9
0,:;2<55,2 %

0, 0, 0, (’?>>C9
B++%'8',*&&*9%$0+, K./.$45%..53.5%% :.054:45 % 0,004%
<>&*0+00%$0
W<<04+4%3,,3:"3x+< )y 9 (P&Y )C7" 9
T",<'#20*'0+8+ , 9 9 9
04+4%:<:N2..#"4% ‘9 =B'BY ((B'B 9
5U5"#"04X"+32%604+4 0 c" 9 9
7+#20+,12,520%;2*+,#&&86'0, )D%5<.$:<3<% | ..53.%004+4%0,904

:.054:45<53 %
92.03,2% B'8" ¢ &C" 9 (8?>' %
*<$:<$ % )8)??8™ 9 ("B>' 9
">&&%'8'6, 044%% ..53.04+2%6 ..53.04+4%0,004
YU2,,%2<%3 "0 ‘0 )==%
T,.4#.+'$ % 79 ™0
*'$<% )&9 )>=9
R,N "% =9 =>'
92.#5;,23% 0" ¢ (77" 9
YU2,,3.2N<% (9 (&9
R....05 % &7TP )?' 9 )?' 9
T"#3$+453%b =" 0 =>" 0 =>" 0
Kokku 329,371

KA&B&IN&'5++1&/++(+!1(22*230@++1*+110'002!", 1##$7 97!|\i+N).!O"6!
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Ndidis biogaasijaama biometaani omahinnaks ILMA TOETUSETA on 0.8
€/Nm3, ilma tankla ja kompremeerimise kuludeta.

Tabel 7.NSidisbiogaasijaama biometaani normaalkuupmeetri omahinna komponendid.

TZGZ[%THTPZ \]. %

9HHQRJI%!"M[%THPAZ &(=8="39
Q...34"$."#< % (8&" 9
TU3<%/.%<+%93<2 (?>8>CH
W<<04+4%/.%;4-.98345 =B8="B;
9<-.5<%/.%R.5"#.3<%-,,+345% (C&8>"9
YU2,,04+4%0 )8(=="
F.+6.X,#$%0,004 ))8(?CY
R....05 % )8'2" 9
T"#$+453%b =8>"9¢
1:,23"5.35",,# % (C)8?C¢
G.H#4"#32<98.6.5":.05< (C(8B>0
THTT2%6 BB?87&
OMAHIND 1m3 0.80

<).8+8)1X! )*I N@*++,&! 1++N! (EE+! ;:&;+5%1 Z6R [CK( #X! ! &,3)1%))-&, 52!
1&1)(&,)! *2.2(AA-! \nBBA! "[! \'(&, ++:)1-8&10' *(AA-! 77X=$[X! 0+4&*+.&!
0++.2%281 0)10(&,)! FX9[! /+! 7D6! ++1*+10)10(&,)! *+-N&/+;&, +:&,8)01! "X=F["6!
22,+1-+:+3"528)! EES8&13AA-*211\K>PA, 1122-)(102&!Z!\ "07=90#=D+1&1)(&.,)!

*2 2(AA-I\'= [A'1 122-)(10+4&*+.&10++.2%2810)10(&1)1*\pLGG! FX9[AX! 1&&1!",!
4-1)0*1*+1231/+1%2 )N).. 21 38&H6

BIOMETAANI TOOTMISE TURUTIK KE PIHJUS :
>-'N0*&!-)+.&1))-&(&1*biometaani hinnaga 0.8 €/Nm?3 ilma kdibemaksuta!
\0"1!0A&N)(+0125+!",!;&,8!Z6=0!|CK( #M 3:&N!*+0&1*+8+! (++5++1&*+,0.+1![.)3!
'8+3+(! 12-2(++5++1&! .:144;&,8! *+-N&/+.)! \Z699=! |CO5! );0! Z6DDO! |CKK!
surumaagaasi hind ilma kdibemaksuta 0.464 €/Nm3"X)-&,)321!N&'()*++,&!
'(+;&,,+5+!'126  ##O|CK( #IN&'()*++,&!0+;/20156N

Maagaasi‘ja biometaani omaduste v>rdlus

Biometaanis on 90-99% metaani (ja 1-10% CO), P>hjamaades tavaliselt
95%. Vene pSritolu maagaasis on metaani 98%, (0.06% CO;), mida
kasutatakse Eesti maagaasitorustikus.

5+ 1&IMNE ()*++, &) (+821)8! 1 10E**)3AA-*211" I3AB+ 1 +- +1)8X!I()*++,&!" ]
)L E) =2 [X! 3),)! 4A-&*.21 (++5++1&1! 1 ()*++&! =F[! \l R[N /+!
1E1&;+44)5++1&! Z6ZOZ[X! 1+(+.] +/+.! 02&! N&'()*+HI&PH+& =Z R=[! /+!
E.)/AA,28!" 1*+3+.&1) *I1E1&;+44)5+~16N).! F"6

b4 fCeee &++38) C&,,+0&-&/22.877" !
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Tabel 8. Biogaasi, biometaani ja maagaasi koostisosade v>rdlus mahuprotsendi alusel.

Koostisosad Biogaasi Biometaani Maagaasi
koostis keskmine keskmine koostis
[mahu %] koostis [mahu [mahu %]
%]

(0*++,1G] ¢! $DRZ! =ZR= =9XD"9

)*++,1G] J! Z! 0 TXT#$

4-'4+ +,1Gy] (! Z! 0 ZX#"'O

, RN2%++ | RG] 77! Z! 0 ZXZD7

| R'#$$%&'(&))*+,- #GN\G] #"G]4! Z! 0 ZXZD'$

A((+1*&0'K ! ZR! 0 ZXF"T

M"#$%E&&'(%%!)*H #ZRDD 1-10 ZXZQZ

2,2R"#$%&&' ()*(++,- Z! 0 ZXZ77

G] #G\G]#™ G] #!!

I R'#$$%&'#(()* Z! 0 ZXZ77

G]#G\G] #'G]-G] 4!

, R+, Ry 7! Z! ZXZZB9

"#$% 1 #&H ()*+, - 1#..&4#/)01)2,) Z! Z! ZXZZE

0:-5)(+8! !

"228!5++1&8I\] TXIHK!IK]: X!} ZR! Z-1 Z!
3#**) ) 455) 455) 4556555

Q1*&1! )& 1++! 3)).! *A+1). ¥BAL L )).8+8+!  *+-N&/MH+*)!  0:-5)(+*!
0)100',,+*)+8.&0021*X! (&1! 3A./),8201! 3+(&1'.)021! (+01*+! 1+(+3AA-1)! *"*)!
))1*10:-5)(+*1;&,8+!+&,2E01&!1)..)!+.21). X)*IN&'()*++,!",10";+.&0! *++1*230E*21!
[+! (+45++11 &(4'-8&*28! M'11&&.,)! OE*216! K+52! 1)) *A, +! *&(2N! T"()! /+! (2/+.!
0:-5)(+! 0)100',,+*)+8.&0021)5+! . (++8)IX! ,A&*)01!l T"()1! ‘! 1+(+1!
(O*++,0E*21*)!*+, 0.+1IN&'()*++,&!.:44;&,8! *+-N&/+.)! 763! |CO5! /+! 12-2(++5++1!
:&,8! 76#! |CO56500me gaasiettewtte s>nul on ettewtete keskkonnateadlikkus
sedawsrd k>rge, et biometaanitarbimine nSitab tusu ja see on kasvav trend.

T)..)! 3:&(+.21)5+! +-3)1*+(&1)01! 0"1*+*&! .&1+K§. X! 021! *"8)*28! biometaani
miiiigihinnaks véeti maagaasitanklas oleva surugaasi hind! &.(+!
O0A&N)(+012*+X102&8!0"1!1+0*1&&1&(+012!/+!3:-52*+125+!/+1*++,8+*2 +10224())*-&!
&,,+ )N\Z6S0SNCK( #65el juhul ort+,0.+1!.:44*+-N&/+.)IN&'()*++,&!/+! (++5++1&!
:&,8! 1H+!\Z699=F|C05X!);0! Z6DDO! |CK{X! 02,+! N&'()*++,&.! +0*1&&1&(+012!)&!
')6!T)1.&1).1/2;2.tulud ei iileta kulusid ja nendel tingimustel ei tasu projekt
realiseerimist.!

Biometaani tootmise turu torkeks on konkureerimine surumaagaasi
hinnaga,! (&..)! +&,20)1)01! *-,&/+01! <)1*&11)! "|ILT! <)1*&! w++1! /+! (&1! ")
CA4%+-N&/+.)N\1*10"110:&08&8)! (+0128)5+M <)1*&1! 769! 0'-8+!'8+3+(102&! T"() 1!
\3+1*+3+.*12699=!|CO5!/+!76#!|C05"6!

Kui biometaani miiiia surugaasiga vordse hinnaga, siis biometaani

tootmine ei ole tasuv ja see on ka p6hjus, miks Eesti turul tina biometaani

ei toodeta.

<).*"828! ,A&*)1! *"828! N&'()*++,& '(+;&,8! /AAN! 0)10(&1).*! 1+(+11)!
122-21/A-02X102&! T+01+(++!0)10(&,)!N&'()*++,&'(+;&,86! ?22&! *"*+IN&'()*++,&!

+&,2 F1/AA*()*)1*X!11*1:+,0)02.2!", 1" )(+*2! 3: & 3A-+3+*+12142;2.1&1)5&!4'1 &*&&3,) X!
SIN&'()F++,&'(+;&,8!3A&01) (6! @+!3+1*24&8&X! 02&! " *+IN&'()*++,&! +&,2.*1 1&."1*X]
1&&1! ') '(+;&,8! 0:-5)(6! T+(2*&! ',! 122-*)1! N&'5++1&/++(+8)1! N&'()*++,&!
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'(+:&,813A&01)(1/+! 3A&0)1*) 1! /++(+8)11122-)(6 122, + A&S&L/++(1", 1 +..+17"p!
).)0*-8&.8&1)! ,&(&3:8(121)5+X! 1&&1! /AAN! N&'()*++,&! '(+:8,8! T+OL+(++! [+ ¥)&1%)!
“&&08&8)5+!3:--).8)1!,),8)! 122-) (+IN&()*++,&!'(+:&,,+!3+)(&0026!  1@",&1%).!
#XI$!/+1 DI /+1%+N). & 1128281 N&'5++1&! '(+:&,,+8! T+O1+(++.X! /+1s;),8+*28!
22,8,5-8&85&16P&&(+1)1! /+52)3+8] 0+&*+.802.28! 0)10(&1).*! [A-5(&1).*f!
)*%)3+.(&1*21IF[X1):&*211="[X!3:-02!E;),8+(&,)!O[X!(228102.28!$[6 !

Electricity: ~ 17 — 23 c/kWh el
(Hs 6.8 —9.2 c/kWh)

+

Heat: ~ 2 — 6 c/kWh th
(Hs ~ 0.8 — 2.4 c/kWh)

wes and tra
iaturst Py
[ § |
CIEEE 8
- - )
Biomass production  Logistics Biogas production

Upgrade Injection Application felds

Raw biogas Biomethane to Grid Biomethane to CHP

Prices/Costs ~55-60c/kWh ~67— 71;3 c/kWh ~7.3- 7+47 c/kWh
for Hs: 0.7 c/kWh ~0.2- 0.6 c/kWh
(Bonus for decentral (Transport)
energy production)

Joonis 3. Biometaani omahind Saksamaa, 1 \m keskmiselt energiat 10 kWh, seega korrutades
joonisel toodud maksumused 10 saame tulemuse eurosentidé®Ria

B Grid Connection
W Purific
W iogas Production

Energy crops (min| Energy crops (max;

B

8

5 I
’ I
o
Crganic waste (min) Organic waste (max)

Joonis4. Biometaani omahind SaksamaaghelineDmaagaasitrassiga liituskuluvahemikus: 0.05
0.09 eur/Nin®, punanebbiogaasipuhastuskukahemikus: 0.14€0.18 eurNm?®, sinineDbiogaasi
tootmiskuluvahemikus: 0.290.54 eurNm? (Allikas: Dinkloh ettekanne WBQ)

£

Costin ¢/kWh

s

2,500 8,000
7,000
~
5 2,000 § 6.000 4
E 1,500 - g 5,000
s ® 1
=1 g 4.000
=1 o
@ 1,000 T 3,000
% =
-9 = 2,000
& s00 g
T 1,000
0 0 T
<1 MW 1- 10 MW <l MW - 10 MW
Installed Capacity Installed Capacity

Joonis5. Biometaani Opec ja Capex Thendatud Kuningriigis (Allikas: Lucy Hopewood ettekanne
WBC, ARIP 2011.)
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Tabel 9. Biometaani toetus thendatud Kuningriigiallikas: Lucy Hopewood ettekanne WBC, ARIP
2011)

Technology Size (kWth) Tariff (p/kWh)

Biogas combustion Biogas combustion

(excl. landfill) <200 6.8

Biomethane Biomethane injection All scales 6.8

For Comparison:

Small Biomass Tier1: 7.6
<200 Tier 2: 1.9
Solid Biomass; Municipal Solid

Medium Biomass Waste (incl. CHP) 200 — 1,000 1::: ; i:g

Large Biomass > 1,000 1.0 (2.6)

Solar thermal Solar thermal <200 8.5

Small ground source Ground-source heat pumps; <100 43

Large ground source water-source heat pumps; deep >100 20
geothermal

Biometaanitootmise jaturustamise toetusmeetmed

Biometaani tootmiseks peab tegema rohkem kulutusi, sestap tuleb tema
tootmist Yhiskonnal toetada.

2A)1'.)3+1! 4)+*E0&1L! 3++%.)()! 3:&(+.21&XI(&1! (228+01&8! N&'()*++,&! *"*(&1)!
*+123+01XI1*1*"/+ )14)+011&. (+10AGHOL 2*+1" )(+!(EE5&;&,,+0117 [CK( #XI);0!
764CO5!/+10"110A&N)(+01254',11))176 CB!|CO5!6

Toetused

<1&(),)! 3:&(+.21!",1*)*21)8X! 0+1! &,3)1*))-&,52*)*21X! (EE5&;&,,+!*)*211 3:&!
(:)(+8XI0'(N&,))-8%2,+*A&),8+3+%)1 ())*()*)5+! 0'52! BAA-*21+;).+1 2. +*21)1X!
+)),8+(+011(2,+. RO+ ¥FI8&)((+*\ 4')1*+,0.+&8!14")!1:8820)&8X!4".)!11:&820)&8!
4')! *+,0.4+&8M6! <)1*&! %&'5++18&! L11*1&+*1&" 1"l 0"1*aal! <LT! “)*++ 0E*21%)!
*aa-E;(+5+1%)&,28! 2" R)!)*¥)4+,)028! 0'002! V+ I DZ! ())*()01! /A-5(&1)! <b!
)).+-3)4)-&"8&! *)*21())*()*)! -++()1X! *A41)(+8! ())*()*)! )**)4+,) 028!",!
+.+14)*+3+8IHs!":, 211'&,)0!3))N&.);).* 6!

KSibemaksuvabastus
SOLI3:&(+.211(22*+IN&! () ++,&1*"*(&,)*+123+01!' 13+ N+1*+8+11))!
0A&N)(+0121*X11).1/2;2.)011:&,8!.:44*+-N&/+.)| 76 4CO56!

Biometaani mYYgi hinna otsetoetus kohaliku omavalitsuse poolt

B™1&! N&'()*++,&! )82.252! 4::&)N! 4+./210&! *25)3+*).! [+] 3+-+0+*).!
'(+3+.8*121%).1 0'(N&,))-&*2,+! ).+,&0)! 0:-5)1 0)100",,+*)+8.80021)5+X! (&1! !
2N+,281 *)*+8+1 0':+.8002! N&'()*++,&! **(&1* 6! %&'(J*++,&! *"™*(&1* (&**)!

Op)Nfl 4 fCC,21(&)0 ) BV2(),*1 C<LTt()*++,0S*21)8 tFthS:&0)/+ t"FZD7"648NI
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*)er8)11 )& ') B:&(+.&01 *A+1)11 *2-218*2+%1&" &11 1++32*+B4E1*&*+*28
))L(A-0)1*++1%23) )-5&+!'1+0++.21122-),8+(&1)01!*-+,14'-8&161

Maagaasi hinna t>us

! S;)01! 3:&(+.21)01! ')! *:1*+! 12-2(++5++1&! ; &,8! N&'()*++,&! '(+;&,,+!

*+1)().) 6!'L2*-N&!4)+11)8+!3:&(+.21* . A;&(+! D! ++1*+!/"012.1)-&*&!*),A".&1)01X!
1))H&!.)01!0+1:&5.+))!)),8)!112;*)1X!0)1!',!1&,3)1*))-&,28!12-25++1&!1:&820&*)11)!
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4&8&1+3+.* 4&0+! #B12.6! <LT! )*++,0E*21*)! *aa-E;(+! $! -&&5&! E.)3++*)1!
+,+.EE1&K§*++,0E*21*)!1*)*21*)110))()! ,),8)1 !-&&0&8)%!11)..)!*2.)(21)8!",!
0'0023:*3+.*1*"828! *+N).&*)1I7H+T776\<LT!$!-&&5&!E.)3++8)!.OBBF
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)3&,28X! 1) "' 1).5)! poliitiline prioriteetX! (&1! 3A./),82N! 1*-+*))5&.&1*)!
))1(A-0&8)! 1)+8(&1)1! /+! )),8)! ))1(A-0&8)! 1++32*+(&1*! *)1*+3+8! )-&,)3+8!
0)*()8X! ,&&! toetused biometaani tehnoloogiate vilja -arendamisele,
tootmisele, vairindamisele, edastamisele, kui tarbimisele!\()*++,0E*21*)!
1:&820&*)!soetustoetus”X! N&'OE*21*)¥naksusoodustused! \3+N+1*21)8X! RZ
0E*21)+0*1&&1RDARN)(+01 X! ,&&! *2-52! -)52.))-&3+8! ()*()8! \-';).&1)8!
-&&5&;+,0)8"X! &,3)1%))-&,52*)*21)8X! *+-&1*2! +-),8+(&1)! *')*21)8%+,8+-8&*)!
0+12*+(&,)!02&!0+!3+N+*+:*.&028!())*()86!

<Q1*&!'.20"-8+! &.()1*+N! +&,2.*1 71 ())8)fI N&'()*++,! ("*'-&0E*21),+!",!
0E*21)+0*1&&1&3+N+6!T)..) E;)5&!0";*+!" | #5+!+3+.8+*28! +-3+(21*X!)*1OE..+4!", | *+!
+0*1&&1&3+N+! 1),&X! 02,&! 0))5&! N&'()*++,&! *"*(+0:+0X! OE..! 1&&1! .)&*+01)! 0+!
4:;/21! N&'()*++,&! 0E*21)+0*1&&1&5+1.(+0121*+8+6! %&'5++1&1*! 1"/+*"*(&1)5+!
*A41).*1 &&! [2;%216! i) ++1RL ))AH L&D *2-2'1+.&1%).)! A-&4.++)! [+
&,3)1%))-&(&1*121)&8! *);) 1! *)+8+XI')*EN&'5++1! 02&! *++1*23+1*! +,.&0+1*! *"8)*28!
N&'OE*2W/+!1)..)1*1(22,8+*28!1"/21),)-5&+!",! +0*1&&1&3+N+86!>-+0*&.&1).*1)&!".)!
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(++5++1&,+!/+! :2+N! N&'5++1&9428! *'+1"/+1))1* +0*1&&1&X!),+(5&! 3)). X! &1)5&!
N&'5++1&! *"*(&14-*1)11&! /+'01! *"8)*28! 1"/21*! \OAA-&*&*)! 1"/),8+(&1)01N!
*+:)*+01)! +0*1&&1&5+! (+0121*+8+6! "+0121*+(&,)! *'&(2N! 0224())*-&! +.21).! /+!
02,+! N&'5++1&1V I V+14" )1 BA) (1 )*++,&X!*2)N! 1+(+!1 1" /21;2.5+! 1++(&1)01!
3:--).8)1! (++5++1&5+! 4:.)*+8+! 1)8+! 0+01! 0'-8+! -;0)(X! (&1*:**2! 1+(+!
(+012(AA-+1/22-)11*2.)N!*)5).&0! +0*1&&1'N&'5++1&.)!0+01!0'-8+! 0:-3)(BD'-8!
'11)8+10+;)*&1)(X!)*1?n?!&,3)1%))-&,52*)*21!".&!)**)! | A;*28!)).0:&5)!0';+.&0)!
O+*.+(+/+8)! /+! 0+250E**)3:-028)! E.)! 3&&(&1)01! 0';+.89! *++1*230E*21*).)6!
T)..&)!".20'-8!/+10'5)(21 X!'021'E01!(&,&1%))-&2(1*")*+N!/+!1*)&,)! (+0121*+)iK!
*0&*+! OE..! E;)10&! 3:&(+.&021! &,3)1*-&1! (&,5&*! 21+.821* ))1*&! -&&5&X! *)(+!
(+0124'.&&*&0+! [+! N&'OE*21*)! *')*+(&B+1*26!,)01! ', <?! "+0128&-)0*'-++*!
3:%,28!1)&120";+X! )*I N&'5++1&! 7K &! ') 1+(+! (&1! (++5++1&.1/+! 1))5+! O+! O+'N!
S'8)*+3+1* &I N&'5++1&1*! *'8)*28! 1"/21),)-5&+! OE*21)+0*1&&1&5+! (+0121*+(&1)!
+.216!

T)..)1! 10)41&1)1! *)5).&02.*! 4))5).82N! ))1*&! *A,+1)! )**)321)! EO1!
122-)(+*)1*! 0'(&1*210&3&8)1*! N&'()*++,&! *2-2.! &,3)1*))-&(&1)01V 42282N!
&5+1252,)!0&,8.21*2,)! /+121+.821 X! )*! (&,5&5&!0'002.)4)! /+! .2N+821! -&&5&! 4" .*!]
0);*&N6! n.(+! +3+.&02! 1)0*-&! /+! B&&5&0'52C)-+0",8+8)! +3+.&02.*! 4+02*+3+!
0&,8.21%2,8)*+X!121+.821F X! 4E;),82(&1)*+!/+1))102/2*+!)&!" )1 ."*21*X!)*1 <) 1*& 1!
N&'()*++,&!10+12*+(&,)!("*'-&0E*21),+!*'&(&(+!;+00+016!
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Biometaani maagaasivorgus kasutamiseks vajalike investeeringute
maht Eestis

Kogu biometaani potentsiaali kasutusele v>tmiseks 380 min Nm3) vajaminev
investeeringubetuse maht (9% CAPEX) juures on suurusjSrguskuni 500-600
min !.

K+521)).,)3+*)11 4)+*E00&8)1! 0&-/).8+1&()X!",!".2.&1)01! *2-2%:-0)01! N&'()*++,&!
*1(&1).1%)(+5+13:-83AA-1)¥"*)X1);0112-2(++5++1&!".2.8&1). *'8+3+(;&,86 !

T)..)1*2-2%:-0)1 2.+*2111:.*2N!)).0:&5)! N&'()*++,&! *"*(&1)! 1&1),8&*)! ;&,8+8)1*6!
22,+1/AA()*) X! /AA0&S)!/+10:-3+.1++821%)142:2.13:&N11&1),8&*)! :+,0)02:201!"..+!
+&,2.¥1*-+,14'-8&02.2X11&&1!),)-5&+02.*22-&8)!0+13+*+(&1).!",102.201!10+!1*"-+&,)!
:&,86!

50% investeeringutoetuse puhul saavutab biometaani ndidisprojekt
positiivse puhta rahavoo 5 aastal, sisemise tulumaddra 15 % ja positiivse
puhta niiidisvaartuse (i+N).! 776! @2;2.! | 02&! (EE+L.N&'()*++,! *Atl)!
12-2(++5++1&! ;&,,+5+! \Z6$0O! |CK{! \hz699=! |CO56! "()! 1&&,0';+.!
&,3)1%))-&,52*)*21)! 3+/+821)X!)*!13:**+10+12*21)0152 IN&'()*++,&!4*),*1&++.!
);011&&HFZ!(L'K( #IN&'()*++,&8<1&+.51)*)!1+-32*21*)10";+1).*!'1 122-21/A-521!
500-600(.,![6 !

Tabel 12.90%investeeringutoetgspuhul saavutab biometaa_gryj riéwvojvekt positiivse puhta rahavoo
5 aastal, sisemise tulumSSraga 15 % ja positiivse puhta nYYdisvSSrtuse.

HUXUBWWY . : : , ,
u20*2 A43., A43A, 43N, 437, A43=, 430,
<2" $ 0% 0 (9 &0 )9 =0, 79
T.54:%<##<%:.05% o4 94 @=8=>7% (@78?(> @)8=&7Y @=(8)7(%
I:,23"5.35",,# % "9 "9 (C)8?Cg (C)8?CEg (C)8?CY  (C)87CH
Q.-K, $% "9 "9 &B8(BY &>8'7B/ )'8&780 )&8)&P
12"3<6<K45%b3
Q.-.$%5"55¢ 9 =8'B=8CBHB; 9 9 9 9
Q.-.$%K1+/.%AGH 9 =8'B=8CBHB; )(8>=>0 )(8>=> )(8>=> )(8>=>
Q.-K,,$% ‘94 '04 Q(8>=>1 Q(8>=>¢ Q(8>=>1 Q(8>=>¢
X"#.#35<<2"5<5%

F4-.5%2.-.K,,6% %Y Q&&8>=4 @.8?70 QscB'q @87BG =C>{
0,004%
% B)8?( | MF\b % % % %
>0,
% (7DY Q& % % % %
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$&O++22:$ *&&*9$0+,12 *2>2$9$0+,0882822B08$%'6,
9)1'6 ,

Biometaani tootmisega ja tarbimisega kaasnevad mitmed avalikud hYved
nagu kohaliku taastuvenergia tootmine hajaenergeetikas, energiajulgeoleku
suurenemine, s>ltumatus kliimast (tuulest, pSiksest ja veetasemest),
regionaalne tasakaalustatud areng, lisandub 700-800 tSSkohta,
p>llumajanduse mitmekesistami ne, s>nniku kSSritusjSSgi haisuvaba
levitamine, vShem reostust pinnasesse, pinna- ja p>hjavette, vSiksem
iseeneslik metaaniheide, vSiksemad shuheitmed vsrreldes fossiilsete
kYtustega, kSSritusjSSk kui mahevSetisKui need avalikud hYved arvutada
rahalises vSSringus, siis Yhiskond saab kaudselt kasu 380 nin Nm3
biometaani tootmisest 271 min !/a.

2A)1'.)3+1! 4)+*E0&1! 0&-/).8+*+01)! N&5++1&! 1*R&A+821.8028! (:/28!
3+.80',8+8)! 0+24+6! i22+01)! 3A./+! N&()*++& **(&1)L*)-38&0.80! 0+12!
E;&10',,+.)XI&5+! (/210" *+1%22+01)!3:8(+.21).:&,,+,52.&;) Y+1-+:+11(::8)*+3!
+3+.80 ;E3) X! 4521 1++(+*+ JAA28! *2.2X! 3AA-*21)l *211 3:&! A-+:'&*28!
0)100',,+0+;/26 ! i"()! 18&,0:+.! 1)'1)8! *)&1*)! 3+.80:8+8)5+! /+! 1))/A-).!
N&'()*++,&1%"*(&1)IBAA-*21+;).+X!(&111).5&*+N!1)..)13+.80'",, +!(&*()*+;2.&121*6

0&'5++18&! *"*(&,)! [+ *+-N&(&,)! ' (&*(**:2.&,)! /+! R22+.&,)6! T)8+!
(&*()0)1&121*! 1++N! 0&-/).8+8+! 1):1*)1 0+282! ¥)&1*)! 3+.80',8+8)54%. 5++18&!
3+.80',8! ',! ¥&;)8+.*! 1)*28] *)&1*)l+.+8)5+X! sellel on,A&*)01! *25)3+8! 1)'1)8!
).)-5))*&0+! [+ ))-5&+4.&&*&0+X!  0)100',+0+&*1)X!  /AA*()OA&*.21)X!
4:.2(+/+,821)X! -)5&' ++.1)l. +9),52° | &5 *)+82IR /+! +-),821%)5)321)5+6!
@A-5,)3+.*1" | A&B+*28XL(&.1&,)V',! N&'5++1&! *"*(&1)! [+ 0+12*+(&1)! (:/2¥1 /+!
E;*+1&10+11)..)*A:*1211)) 1*&1)-&,)3+*)11).23+.80',8+8)16

Biogaasi tootmise. energiapoliitilised seosed 3A./),823+8! 0';+.&0)!
*++1*23),)-5&++&0+%)I  0+12*21).)3:*21X! | (&1! 3A;),8+N!  1:*2321*
&(4'-*0E*21*)1*6! T+(2*&!)8),8+N! N&'5++1&! *"*(&,)! ;+/2*+*28!),)-5&+*"*(&1*X!
(&11)&! 1:.#21 & (+1*&02".28)1* \VN&'5++1&! *"*(&,)!1 )&! 1:.*21*22.)1 *25)321)1* 3:&!
4AA&0)1) 4+&1*(&1)1*! 3:&! 3))*+1)()1* X! (&1! '(+0'-8+! *+5+N! 1*+N&&.1)(+!
),)-5&+*"*(&1)6! %&'5++1&! 1++N! 0+12*+8+! ).)0*-& /+! 1"/+! *:;;21+01!
0"1*"*(&1)01\0+12*%)52-&5+!E.)IFD[X!4).5+.*11"/21)1/+1).)0*-&!)-+.8&!*"*(&1).!

)&! ' )L0+12%)52-1 E.)! 1 $Z[76!i2.)3&021! ',! 3:&(+.21! 42;+1*+*28! N&'5++1&! );0!
N&'()*++,&! (EE+! (++5++1&3:-02! 3:&! 0+12*+8+!11)8+! *++1*23+! ("*'-&0E*21),+6!
KSesolevas t§8s on eeldatud, et biometaani kogupotentsiaalist (380 min fim
kasutatakse 20% soojuse ja elektri koostootmiseks (74 min Nn) ja 80%
mootorikYtusena (304 min Nn).

Biogaasi tootmise keskkonnakaitseline aspekt 3A./),82N!M'11&&.1)*)IOE*21*)!
0+12*+(&1)! /+! 1)..)5+! 1)'1*23+! \;;2"1++1*)! 3A;),)(&1)1X! 1+(2*&! 3A;),)3+8!
0+132;")5++1&8)! )(&11&",&8! 4:..2(+/+,821)1*6! %&'5++1&! *"*(&1)!
0AA-&(&1/AAO0&! 1++N!0+12*+8+!3A)*&1),+X!021/22-)1!",I1. 2:&B+! 1)8+! *+&()!
0+1324)-&"8&.X! (&**)! 1E5&1).6! ?AA-&*+(+*+! A5+l . +™+(&,)! 4:;/21*+N!
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IN+()).8&3+*! ., +4-'N.))(&X! 02&8! N&'5++1&! *"*(&1).! *)00&3! 0AA-&(&1/AAQ! )&!
+&1) A*+H(&1).! [+ '(+N! 1+(+3AA-1)&8! wi  omastatavuselt paremaid
3A)*21'(+821&Kuill:,,&0!3 :&! A5+61<-&,)3+*)122-&,52*)1+.21).14+-+,)NI*+&()8).)!
*&*+&,)*)I0A**)1++8+32110AA-&(&1/AA5&1*18&1)5&102,&17Z[13:--).8)1!.A5+5+6!

Biogaasi seos jadtmemajandusega 1)&1,)N!-)'3))1)**)! 0+12*+(&1)1! N&'5++1&!
*%(&1)01X! 1+(2*&! '] N&.+52,)3+8! /AA*()8! 1'N&3+8! 18&),8&8! N&'5++1&!
*'%(&1)016!1T))***21)&! 1++1:85)0114&88+8+IN&' . +52,)3+*) /AA*()*)(+114:.)*+(&1*!
LOIAAROR)! 1)1 3:&! )-+.8&6! %&5++1&! **(&1*1 3:&N! 3++8).8+! 028&!
IAA*()0A&*.21.+;),821*R+,+)-"N,)| 0AA-&*+(&,)!):0! N&'5++1&!*"*(&,)!",| EO1!
)M)0*&&31)(+&8MAR*()*)I0A&*.)(&1)11/+1),)-5&+011(22,8+(&1)1*);, . "5&+&86! !

Biogaasi pollumajandusega seotud mdju! 1)&1,)N!!*+;)1:,,&02! .+821*+(&1)!
3+/+821)! 0+82(&1)1X! 02,+! 1))! +1),82N! 3)8).+! 0AA-&*+(&1/AAB&5+6! s;*.+1&!
0A&*.)(&14-*1)11! .&;*121*2N6! %&'5++1&! *'*(&1).8&A+8! 13,&021! '.)3+8!
2(N-521))(,)8! /4! 4+*5)),&8! ,&,5! 3A;),)3+8! 02.2*21)8! 0AA-&(&1*!
1"821*+3+*)! 4-)4+-++*&8)! '1*2016! b&1+01! 3A;),)N! 3:&(+.&02! j()*++,(+012K!
-&106! ! %&'5++1&1)0*-&! +-),5! *"01! O++1+! (++(+/+,821)! (&*()0)1&1*2(&1)! /+!
4+0201! *A&),8+3+*! *2.2! 47 2(+/+,821%"*/+*).)!
),)-5&+*"-+&,)C),)-5&+*+&()8)! 0+13+*+(&1). X! (&8+!,A&*)01!3A)*+*+01)!N&'5++1&!
**(&1)! 0AA-&*21/AA5&5+6! T+(2*&! (&*()0)1&1*+01! 1)..&,)! +-),5! )-&,)3+*)!
4:..202.*22-&8)!10+12*+(&1*1,&,5122*)!),)-5&+02.%22-&8)!0+13+*+(&1*6

Biogaasi tootmise regionaalpoliitiline "moéju 1)&1,)N 3A&0)+12.+*)!
(&0-'5++1&3:-028)! +-),8+(&1)1! [+ (+8+.+(+1! 1"/+),)-5&+! ;&,,+1! ,&,5!
(++4&&-0',8+8)! *A&),8+3+1! *aa;:&3)16! %&'5++1&! 0+12*21).)3:*2.1 ', '(+! "1+!
4+-)(+! ).20)100',,+!' (&)L /+L 1)).AN&! 4&&-0'8+8)! 122-)(+!

0, 02-),*1&3:&()! *+5+(&1)1LL\,*1 F3A&OL)(! .;;,+4-'N.))(X! ;".8+*28! 4:..28"6!
%&'5++1&!3:&3+8!*"*+10+IN&"),)-5&+E;&1*28X!(&1!"(+N!(&*()&8!4'1&*&&31)&8!0E.5&!
Yl 122-))N!  1*1&++.)1.71&82121! /4!  0"1*aaX! ),)-5&+1:.*2(+*21X!
3A&0)(+/+4&8+(&1*)!(+/+,+821.&0!*'&()*2.)0X)6!

Biogaasi tootmise majanduspoliitiline tahk on 0';+.&02!
*'*(&1)C4:..2(+/+,821)C);&*21)!  )8),8+(&,)X! *A&),8+3+*)! *aal';*+8)!
(&,)X1&,3)1%))-&,52%)1/+1)**)3:%)*)1+-),8+(&1)16! !

Biogaasi tootmise tehnoloogiline protsess

|
T2N1*++*&8)1*1);0IN&'5++1&/+H&1),8&*)1*11: *2N!(&..&,)1*);, . "5&+13+.8&*+01)!
[+1(&..&1)8!",11)..)!%);,&.&1)8! .+;),821)86! T2N1*-++8&! 0'521! (AA-+N! *); &.&1*)!
1)+8()*)! (::828! /+! 0AA-&*210+(N-&! (+;2.&1)8! 8&(),1&",&86! T2N1*-++8&!
03+.&%))*1 \02&3+&,)! 1&1+.821X! 1*-20%22-X! 4A-&*' 2N (ABH+NF&! 0+12*+*+3+!
*): ' "B&HIN&'S++1&/++(+!-+/+(&1).6\@ &110 "6
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"%
4& 9
3 4 | Kaarimisjaagid
- N
Orgaanilised d; PEES
jaagid — \ ’
o
variant 1
[ Elekter (& —— | —— | —]
Mootorikiitus
1. Tk varant 2
2. Lagahoidla
3. Kogumismahuti .
4. Higieniseerimise seade a1\
(pastérisaator) ‘o ‘ —
5. Kaariti 9
6. Gaasihoidla
7. Soojuse ja elektri koostootmisseade
8. Kaaritusjaagi hoidla (-mahuti)
9. Péld

10. Biogaasi puhastusseade

Joonis 6.%6&'5++1&!*"*(&1)1*);,'."5&.&,)110))(X1021! variant 1'42;2.1*"8)*+01)IN&'5++1&1*!

1"/21 RI+1).)0*-&),)-5&+*(20% kogu potentsiaalisi®,5!variant 2142;2 IN&'()*++,&!);0!

(" &OE*21% (80% kogu potentsiaalist).

%
%&'5++1&!*"*(&,)!',10))-2.&,)14-*1)11XI1)1*11: *23+.*14+./28) 1*1*)52-&*)1*1)&!".)!
")(+1E;*1)*110))(&IN&'5++1&!*"%(&1)01 X! 3+&8! &5+!/++(+!0',M&52-+*1&",1 1:.*2N!
0,0-))*1)1*! +120%+1*! /+! *'-+&)!1"0"1.21)1*6! %&'5+ +1&*"0! 1:.*2N! ),&(!

A (+9)-[+.&1* [+ )& )&+ +3+F)1* 12N1*-++*&8)1*! );0! .&1+,8&*)1*X! (&8+!
0+12*+*+01)!),)-5&+!*"*(&1)"))1(A-5&. ning protsessi professionaalsest juhtimisest
(toitainete, protsessi parameetrite, jmt kontfoll)

|

Biogaasi tootmise ja tabimise vSSrtusahel
|

%&metaani tootmisega kaasnevad avalikud hYvedEogd! );&*+*28! N&'5++1&!
r(&L)W+10+12%+(&1)!13AA-*21+).+1)*+44&8)!1+.21).\P*!/",&119"6

Biogaasi vadrtusahela etapid:

n6 Biogaasi sisendite tootmine - %&'5++1&!1&1),8&!'(+,&02,+! /+! B&+1&!
1&1),8&! 0+13+*+/+,+! 0',02-))-&N! N&'5++1&! **/+] 4-E5&.+*)X!
-)'3))42;+1*21/++(+8)X!/AA*()0A&*.)[+*)!'(+,&0)5+ X! *'&82+&,)*aal*21*) X!
*&* 21*2R [+! (+/2*21+12*21*)X! 0+2N+,8210)1021*)X! 1+(2*&! 0:&5&!
S(FO+L3+ /X)) [+14:..2(+/+,821.&02! (++!'(+,&0)5+6! %&' 5++1&!1&1),8&!
[+ 41 *A;),8+N! 0';+.&0! \'(+M *"-+&,)! ),)-5&+! *"*(&1).! (&,5&.!
(AA-+.1),)-5&+1:.¥2(+*21*6N! T22-&(! N&'()*++,&! 4'*),*1&++.! "1 4)&821!
*A+ 0+12%+(+*+! 4:..2(+/+,821.&0)! (++8)! DZ[! 0+12*21).)! 3:*(&1)1!

OHs!:,211°&,)0IT<<TI&..21*-+*1&" Xleeeb( ',21(&,)06)) !
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N&'5++111&1),88*)X! +52! A&*)01! 4A&8)-"HXO+!*)&1%)! 1'N&.&0)! *+&()8)!
0+13+*+(&1)016

Mdnus Minek SEES Ol | www.monusminek.ee

Joonis 7.1%&'5++1&!*"*(&1)!3AA-*21+;§!

!
nnoé

nnn6

nP6

FIHS!™:

Biogaasi tootmine - %&'5++1&!1&1),8&*)!"(+,&02,+!"(+NIN&'5++1&!*"*/+!
*A,+13:&(+.21&f10:&03: &(+.&0)H+,+)-"N1).*I*aa8).8+3+*)\4:..2(+/+,821 X!
*aal*21X! *)),&,821X! "JLMAA-! /*Al N&'.+52,)3+%)! JAA*()*)! /+! IAA0&S)!
0AA-&(&1/AADIBAA-&1*+8+13A)*&1)01r1+.21*+8+IN&'5++1&!*"*(&1)!/+1),)-5&+01!
\80% ("*'-&0E*21)01X}20% 1"/21)! Y1 /+!).)0*-&),)-5&+"! (22,8+(&1)!
+&),8+(&1*6

Biogaasi  puhastamine - iA+! <)1*&1! *)+8+'.)3+.*] 0))5& N&++1&!
N&'()*++,&01! )&! 42;+1*+! )5+! 0+12*+! ("*'-&0E*21),+! )5+! 1&1)1*+*+!
(++5++1&*-21*&0026! %&'5++1&! 42;+1*+(&,)! N&'()*++,&01! *A;),8+N!
17*2(+*¥21*1 &(4'-*0E*21*)1*! &, 5IN&'()*++,&!4'%),*1&++.&!-)+.&1))-&(&,)!
1:.*2N! 3A5+! '.2.&1).! (AA-+.! ,&&! -&&0.&021* &DLEX! 0';+.&0)1*!
(+3+.&*121%) 1*1/+1)**)3:*/+*) 1*,&,5*)*21())*()*)!."(&1)1*6 !

Biogaasi ladustamine ja transport - IiA,+! 422823+8! <)1*&1!
N&'()*++,&.)! *);,&&1)8! 1*+,8+-8&8! 1)..)! (EE(&1)01! 5++1&3:-02X!
422823+8! E;*.+1&! (EE5&*&,5&(21)86! T&&10&! '.)01!  3+/+82
22%)C1:.*2(+*29)!),)-5&+*-+,14'-8&! +.%)-,+*&&3&8)! /A-).)X! 02,+&5+! -&&5&!
*-+,14'-8&0E*21)! 3+-21*210&,8.21)! 1)&120';+1*! 4)+N! ")(+! ".2.&,)!
0E*21).&&0&8)!(&*()0)1&1216!

211'&,)01T<<TI&..21%+*1&" Xleee6(,21(&,)06)) !
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P6 Turundus ja miiiik - "+/+,821.&02.*1*+123+*)!3+-&+,*&8),+!1*2.)3+8!0:,)!
+..+1.&1+01)). )0+ 1"/+10"1*"*(&1).)! 1&&1IN&'5++1&!0+12*+(&,) ! 4A-+1*]
42;+1*+(&1*! ("*'-&0E*21),+! 3:&! *1)! (++5++1&3:-02! (EE(&,)! 3:&!
(++5++1&*-28)! 0+282! N&'()*++,&! (EE(&,)! .:44*+-N&/+.)6! P+.&0! !
CA4%+-N&/+.)1122,+*28! N&'5++1&!1'.)02%)! 3+;).1 \(EE+! 5++1&,+! N+..", &1
*-21X").)0*-&3:&!1"/21),)-5&+,+"6!

Pn6 Lopptarbimine - T:&*+!'(+!(+1&,+4+-5&5+!'8+3+(+.*13:--).8)1!18&&1.&!3:&!
N),1&8&,&0E**)5+13:&!*"*+1). )08+ 1"/+),)-5&+*!'(+*+-N)01X!1)). AN&!". . +!
:&,,+02/2,8+/+! -'..&1! ,&,5! "..+! 1.*2(+*2! ;&,,+02/2,)(&1)! 4'.&&*&0+ 1*!
),)-5&+3+.80',,+16 !

|

K+521 ,A)OX!',1),+(21)1! N&'5++1&! *"*(&1)! /+! *+-N&(&1)! 3AA-*21+;).+11 0';*!
+3+.8&0).)! ;E3)8).)X! 1*1 (&8+! 1++N! E;&10',8! 0+281).*1 0+12! N&'()*++,&! *"*(&1)!
Yt (&1)1*X102,+1&. (+1%)*21)%)+! N&'()*++,1)&!1228+! (++5++18&5+!0',02-))-&8+6!
<*l 3--).8+! N&'()*++,&! *"*(&1)! 0A&3&*+(&1)01! 3+/+(&,)3+*1.*)*21*)! ;2.0+!
1++8+3+!+3+.&02! 0+ 12&+Y).8+*+01)! N&'()*++,&! +3+.&00)! ;E3)1&8! E;&10',,+.) X!
(&8+!"13:&(+.&0! (::*+10+11*1)1).*13:  &!10+281).*!-+;+.&1)113AA-&,5216!<;0! (&8+!
1++N!E;&10',8"*+5+1&X!02& NG & *"* (&1 */+1*+-N&(&1*1*)*+8+1<) 1*&!13:&!1<2-"4+]
(+012(+01/+! (+0128)1*6! | P:**)11 +.21)01! )).(&1*)1! 4)+*E00&8)1! *"828!
N&'()*++,&! 0)10(&1)! '(+;&,,+ /4! &,3)1%)-&,52*)*21)! 3+/+821)! * );+01)!
IA-).821X!(&8+!*2.)011*):+!/+10+1! E;&10",8! 1++N!-";0)(! 3+1*2! N&B+ 1 &! *"*(&1*!
*)*+8)1 6l

Pollumajandus

Mullaviljakuse (kasv) hoidmine/parandamine kSSritusjSSgiga vSetades

KSSrimisjSSgi vSetusomadusen samavSSrsedvsi paremad kui
puhtal ISgal/s>nnikul.

2AA-&*21/AADI1&1+.8+N!122-).1:2.5+.1*+&()8).)1 ;A L*&! OA*)! 1H: G¥(B+1*&002X!
M'IM'-&*X! 0++.&2(&XE3AA3.&*! [+1 (&0-).)(),%)6! B) 1*+(+*+! 12N1*-++8&! 42;2.1 "
*)5)(&1*! 3A5+! 3AA*21.802! 3A)*&1)5+6! PA)*&1)! *&*+&,)*)1&1+.821! 3:&N! 122-)1*&!
0:8028+XI1)L*¥$)NI"*1)1) 112N 1*-++8&1*61\iN). 746

LSmmastik

T2N1*-++8&1*BPN!3+&8!3A&0),)!I'1+L A((+1*&021*X14:;&'1+11\.&5&0+282!#X$!02,&!
DIOSC(#"/AAN!1))!0AA-&*21/AA0&6! ?7AA-&(&14-*1)11&!0A&521!3A;),)N!'-5++,&.&11)!
+&,)11)1 1)*28! A((+1*&02!;2.0X! 02&8! 0+13+N! +((',&+0++.1)! A((+1*&02!;2.0!
$DRO[6!22,+! 0AA-&(&14-*1)11&! 0A&E2P*2N!4]! ) 2*-++.1)1*1+.21).&1)011\FR
FXDAX!(22%2NI10+1A1*&.+:21%231+((",&2(&" IKJIIK]  #R16IT))*: 21" 1122-)01!
01X IAL. &*+(&1)./+1*-+,14'-8&.13:&NI+((",&++0!.),828+61>'1&*8&3,)!" 118&108&!
1)X1)* A((+1#&0! 1)..&1) 11 3'-(&1!", | *+&()8).)! ;AL*&! OA*¥L++8+36! 22&! +5+1 *+&(!
1)..&1).1 ;2.5+.1 A((+1*&002! )&! 3+/+X! 1&&1! )&! 0+12%+*+] ¥)8+! A-+! /+] *+] )-+.82N!
0)100',8+6!
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Tabel 13. Silo jas>nniku kSSritusjSSgi koostissrdlus.

78&$*2$;+0$0286'0

12>29++*+> T+0%9%$;+,(EE>*0 T+0%9$;+,(EE>*0

D A*"+kSSritusjS 86 Anniku 0112"345/11676E
T'$(2$;+, C81% 28@%
<X, >8 >80
W>C22:$%2 | 7(%06]3%WR%AW1250<%; =&%06]3%%VR
IE9920*$% =8C%06]3%WR =8>%06]3%NVR
U99&;$9 &8C%06]3%WR &8B%06]3%WR
r&O0 &> (8>%06]39%8%VR (8>%06]398%VR
T228%'9 78'%06]3%M/R )8B%06]3%WR

Teised toitained

i+&()8).)! OA**)1++8+3+! 0++.&2(&! /+! M'IM'-&! ;2.0! /AANI'3+:)(&002! | YXEXD!

05C(#6! | H.),)3+.*1 3AA3.&A-+1*21())*8&1*! 1++N! 0+h0'52! )(+1'.)3+! 3AA3.&!
0AA-&*21/AAQ&! *+5+1&! 3&&+6! ?+! 0:&0! 12N1*-++8&5+! 0AA-&*&11)! 3&&828! *'&*+&,)8! ,+
M'IM'-X10++.&2(X!(+5])&2(X!0+.*1&2(!/,)!/AA3+8!0AA-&*21/AA0&6

ToitevSSrtus, ms>ju huumusele ja kahjulikud“Yhendid

Peale vSetamist kSSritusjSSgiga tuseb. mullas mikroobide aktiivsus 9 kuni 10
nSdalaks. Seevastu vihmaussid vSldivad vSrskelt vSetatud pinnast. V>rreldes ISgaga
on positiivne see, et kSSritusjSSk.on vShem viskoossem ja imendub seega kiiremini
pinnasesse ning vShendab emissiooni.

>:..2(+/+,821)1! 3:&N! 0AA-&*21/AA0!"..+! 1:.*23+.*1 0+13+*+*+3+1*1 02.*22-&1*X! 0+1!
(&)-++.3A)*&1%)!  +1),8+/+ \ A&*)01! 123&&12N 3:&! 0+ *Ad}I8+\ 6!
(+&176PAY*+(&1;2.0! ".),)NIOAA-&*21/AAB&! A((+1*&021&1+.821)1*6! H.),)3+.*! OE..!
02.%22-&1*X! 02&8! *+3+,&1).*1 ("821*+N! 1))1 9Z! [! (&,)-++.3A)*&1)1*6! PA)*+(&1).*
(2.8+! .&1+*28! -5++,8.&1)! +&,)!1;2.0!",1 12;%).&1).*1 3A&0)! /+!)&! 0+*+! (2.8+8).)!
3+/+.&0021;22(21)1%)0)*612AA-&*21/AA5&1!" )31-+10()*+..&8)1:2.0)&!".)!, &&!122-X!)*]
4::121%+0113AY*&L), +1(&, 581 4-N.)) (&6 T+.(,)..+*11&. ' OAA-&*+(&1)142;2.1"
3AGHI(+8+.X14)+1(:).8+(++21/+10.'1*-&&8&S)!'*!' 13+&81 AN&OAA-&(+*+. A5+142:2 6!
i+8&();+&521%))8+1&0+, )14 )I1&&+ &!*))1*21*1.)&8, 286!

SSilitamine ja p»llule viimine

>)+.)L0AA-&*214-%1)11&! 0'52*+01)! 0AA-&*21/AAQ! ;'&8.+11)6! J2)(+8! ;'&8.+8! "]
0:80!5++1&08&,8.+.* 0+)*28X1)* 3A:),8+8+! ()*++,&!1)(&11&",&6! P)8).| 0AA-&*21/AAQ!
3&&+01)! 4:..2.)! .A5+.+%*2-&5+X! *+;0)(AG-&*21/AA0! 1:,,&02.+*2-&5+6! i+3+.&1).*!
388&+01)! 0AA-&*21/AAQ! *+5+1&1 4:..2.)X1 021* 12N1*++* 4A-&*1".&B61 T)..&)! *+5+18&38&(&,)
0&,8.21*+N!*'&*&*+&,)*)!0&,,&1)!-&,5.21)6! T:,,&02! 0++12*+(&1).! 12N1*-++8&,+!",!
)).&1)01! 1)X! J¥1)&! #)0&! ), +(! 7 8&21*+(&1).! ()*++,8)(8&11&",&6! T:,,802! 4:..2.)!

(&) 1 ACND)&OL! i+ )1r21X] (&8+! 4:/21%+3+8! +((,&++OX!

'-5++,&.&1)8! 3AA3.&E;),8&8X! 8&3)1&,&012.M&&8BX! '-5++,&.&1)8! ;+44)86! iA,2!
0AA-8*214-*1)11&.)X!(228!E:),8&8!4)+.)1+((",&++5&! . +52,8+*+01)6liA,2!1)..).)!

' 10+10AA-&21/AAO!4+./21, & +1:N-+.802(1/+1)&!-802!::026!\<L T1$!-&85&! E.)3++8)X!.0!
9HENG
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06&'5++18&! *"*(&1)! T1&++.(+/+,821.&0! (/2! (2..+3&./+021)! 4+-+)(&1).)! !
'&,+,52.8,)6! H-5++,&.&1%)! 3A)*&1*)! 0+12*+(&1)!)8),8+(&1).! 4+-+,)N! 1E1&,&02X!
M'-M"-&! /+] A((+1*&02! +&8,5.216! T+(+{/2! ' 1:,,&025+6! T),&1)! 0&-/+,821)!
Af+) +-3+01X! )*1 )).&11 42282N! 3:&! ') (&&(++.,)X! '(+N! *)+*28
0)100',,+0+&*1).&1* 3AA-*21*X! 02,41 3A;),)N! (&)-++.3A)*&1%)! A&R+ [+!
4:/+3)7)1.)'1%2(&,)X102&8!(:/21)&))-&,)!1:,,&02! +1),8+(&1) 1*I0AA-&*21/A A5&5H
36+6! A5+l 42:21 )3&3! )N+()).8&3! ;+&1X! 02&8! 1).)! 3A;),)(&1)1* *2.),)3+*!
4'18*&&31)*(:/210AEQ*+01)1).20)100",, +14+-+)(&1)/+1-)5&' ++.+-),52I'1+1 6

Tabel 14. Biogaasi kSSritusjSgid on mineraalvSetiste ekvivalent suurem kui kSSritamata 1Sgas ja
s>nnikus.

Trials Dry matter yield N up-take equivalent of mineral
g/unit mg/unit fertiliser

manure covered with soil

N1

BIOGAS MANURE 41,0 364,9 79

MANURE 314 238.4 35

N2

BIOGAS MANURE 55.0 649,0 101

MANURE 394 350.7 42

manure on surface with wind

N1

BIOGAS MANURE 28,9 225,85 31

MANURE 27.3 215.7 27

N2

BIOGAS MANURE 40,6 356,9 43

MANURE 35.1 312.2 35

Ebameeldiva >hna vShenemine kSSritusjSSgiga vSetamisel

b'(+1:,,&0! /+] 4+./28] *)&1)8I-54+ & &1).*! .+52,)3+8! /AA*()8! /+! /AAS&SX! 1;!
31! 1&1+.8+3+8! .),823+&8! -5++&.&1&! E:),8)&8! \bHsM \,+52! ,A&*)01!
&LN2* -+, +A)XIN2*+4,;+4)XI &1 4+ ) &;+4))[+1 4+ 8)-+ &1;+4)=X!.&1+01!3)).IFZ!
)-&,)3+*! E;),8&* XIN&LI,! IN+()).88&3+! .i;,+! 4:;/21%+/+¥)016! |+,1),! et al
\"ZZ$72122-8 5L A&F+1X1 )*1 + 4)-"N,)! OAA-&*+(&,)! 3A;),8+N! bHsR)! 1&1+.821*!
0AA-&*21/AAB&L! [+ 1))***21 0AA-&*21/AAB&! 1A&.&*+(&,)! (&)!.)3I&8+
IN+().883+&8! .21 1+(+.!] (AA-+.! A5+5+1 )&! *)0&*+5&6! 22&! 0+12*+8+! 3)).! 0+!
0+)*28! 0AA&*21/AAB&! '&8.+&8! [+ :&5)&8! )3&*21%); &0+&8! \(2.8+! 1&11)3&&(&,)X!
O+(+-+1+.. 1 0AA-&*21/AAB&! )3&*+(&,)"X! 1&&11)N+()).8&3+&8!.:;,21) &! IDEHRI6!\
FABT+(+11) N+()).883+! .5, +1 3A)),)(&1)! +3+.&002! ;E3)1)&!".)! 3:&(+.&0! (::*+!
)2-'8)16 !

|

=In,5.&1)!0)).)1fiso-butonic acid, butonic acid, iso-valeric acid and valeric acid®

21 +,1),XI'6K6X!1%&-0('IX!i6X!-*),1), X!%6X!TO++,&,5X!?6\"AZgp6}fekter af
bioforgasning og sepa- rering af gylle’, w-¢,!3&8),X!"+-0N-25X!,-6!"=08"82,)!
N<L!i+10#9!E.)3++*)176
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[ Untreated slurry
[] Digested slurry
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mg per litre slurry
=

N
o
=}

i = =

Iso-butanoic acid Butanoic acid Iso-valeric acid Valeric acid

!
Joonis 8.b),823+%)!-+13;+4)*)11&1+.821)!13:-8.211 A5+11/+11+(+1* A5+1*1(::8)*2810AA-&*21/AA5& 1
AA-+1% +,4)-"NL)* 0AA-&*+(&1*X! 4-22 &5+ "1 [* &1).! *'828! .A5+! /+! 1&,&1)5+! OAARANOX!
(:*E;&0!,1(51.8&*-&.AS+0*+\]+,1),! etal, "ZZ$"6

Umbrohuseemnete ja haigustekitajate vShenemine tSnu-anaeroobsele
kSSritamisele
|

Toodud eeldustel (s>nnikukul u 30 t/ha, taimekaitsevahendite maksumus 50
I/ha) on aastane kokkuhoitud kulu taimeka itsevahenditele 7 min !/a.

! L,+)-"N,)! OAA-&*+(&,)! 3A;),8+NIF2(N-";21))(,)*)! ;2.0+! .A5+1! /+!
1:,,&0216! J(N-';21))(,)*)! +-3! 3A;) JNX102&8!,))8!)&! 0+'1 *A&) 1*RB(&.&1*)!
umbrohutorje vahendite kasutamise vajadus ja nende negatiivne moju
keskkonnale viheneb tidnu ' anaeroobsele kaidritamisele. ])+X! 1*
:2)%)05+)! 0'(4'1%)-&(&,)! “3A;),8+N! 1+(2*&! 1:,,&021! /+! .A5+1!
2(N-521))(,)));2.0+6! T+(+1*A, +N &' )1*)+8+ X! (&..&,)'1+!1:,,&021*!/+! . A5+1*!
0A&8).8+01)! ,:2)*)0";+1).*6! T w++1&.&,)! ),)-5&+! /AAN! 0'(4'1%))-&(&1).! 0A*)!
1++(+*+XI11) 1*+41*2 )NI+,+)-"N1)*I0AA-&*+(&1*)).&1*+8+10'(4'1*))-&(&1).)6!

L,+)-"N,)! 0AA-&*+(&,)! 3A:),8+N! 3A5+! )M)0*&&31).* 0+! 4+*5)),&8)! 1&1+.821*]
0AA-&*21/AAB&LX! (&1 B)I&*2NI¥)(4)-+*22-&1*61+N).&11522+01)10'0023:*)!
i++,&11, AN&! 3&&828%;20+%)1* [+ 8)*+&.1)*)1* *)+82122-&,52%)1*X! 0"1!

%2 )(21¥)5HI THO1+(++.*1/+1s:),802,&,5-8&&58&1*6122& 12N 1*-++8&, +!',|0+12*+*2810+!
M(1)&BRANN! 0+%)5"-&+A1 JAAX()&8X! 1&&1! )8! ', 3+1*+3+.* <bl 1%+ 8+-8&.)!
4+1%a-&1))-&*2819ZmG!/22-) 11 E;)1*2,,&! ["012.! 3:&! *)-M&&.1)! 0AA-&*214-*1)11&!
42;2.1D1%2, &I1/"012."|0AA-&*&115+-+,*))-&*281 DHMG N\ T+01+(++.f1"$!*2,8&! DDMG"6!
Y1'M&&.1)1! 0AA-&*214-*1)11&1! ;A3&3+8! 4+*5)),&8! -))5.8RHI AA)3+! /'012.X!
(+01&(++.1) *IFI4A)3+1/"012.1#DMG!/22-) 16! PAA-&*+(+*+] AG+;'&8.+¥) 120B+5+!
+&521%)08*+/+*): A3&(&1)ORT, A8+ +*X11: *23+.*1¥)(4)-+*22-&1*6

22&! A5+ [+! 1:,,&0! ++)-"N1).*! 0AA-&*+8)1! 2(N-;21))(,)8! 122-)1! '1+1!

'A3&3+811)).8+()! )* FZ["X! 1&&1! /A-).&02.*! *))N! *+&()0+13+*+/+! 2(N-';2%:-).)!
3A;)(102.2+21&6!T)8+10'002;'&*28102.2!3:&N!+-3) 1*+8+!+3+.802!;E3)| +6
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Tabel 15. >+*5)) &8)! [+ )(+*"8&8)! ).2)+! 3:-8.21! *2,8&8)1! N&'5++1&! 0AA-&*&1! )-&,)3+
0AA-&*21%)(4)-+*22-&! [22-)1! [+1*"-) 1 X! OAA-&*+(+*+ A5+11\i=298) 8&d), X! 7==$r1i)1* V+--&)8!
‘24 INSILILTr!#9%";(1)*1+.6 X1 7==="6

F.3,6<<#% % Y",6..5"%0112":"5;2,35<55"% 9,,2<%A0112"3.:.3. EYPK6.
*+9<+>2%"> Y%-."6453<0"3./.3<%| 3<:;<2.3442%/.%-."6453<0"3./.
-1K":"50""245%34#$!'$<5 -1K":"50""245%34#$98<5
, O4a JA’a Al a, 3L@, a =@=,a
" A< Y0 'P"(C % ‘P 75% )? % BB®6
Yo+ #<++%0[P% 'P"(C % P 7' % % %
a,+"X,2:%N.c3<Pq  pr77 o 'P%% C% )7) % (728%
*3.;-"+,c,cc45%
142<45 %
8% 'P"&& % 'PT% &&%b (7( % ((B) %
Rgc,N.c3<2"4:%
0,
F2.969'%6 'P"&& % P (==% % %
*32<;%X.<C.+"5%84
'P'27) % (% =304 % %
@2,4,%[%
*32<; Lot
32<3,c.0,c07% P72 % i % (C % B7% )7B7%
RPY K"5%A% E "P&T % #3 #3o Y?B %% #3o
G.2K.<%,)§%
#H<! <5 "% .
,3:$<5 7% P& % iPC% 75% )? % BB®6

Arvutame selle kokkuhoitud kulu jSrgmistel eeldustel:

P&&(+1*)! ++1*+*)! 0)10(&1*)! ,A&*+/+*)! +.2).! *)0&N! <)1*&1! 1:,,&02*1 ++1*+1!
0)10(&1).*10'002!$6"! (.,!1*',,&X102&11:,;&0202.2!;)0*+-&.)!",!  #Z1*C+1&&1)!.)5+!
0'521)5+! 1++N! 3A)*+8+! ZZZZ! ;+6! T))5+! 1)..&,)! 0'521! ;)0*+-)&8! )&! 3+/+!
2(N-";2*:-N)*6! !

|

L1),8+*+3102.2! "1 2(N-%2! *:-))! *);*+3+8! 02.28X1)).8+()X! )*1 71 ;+1 *);*+3+]
2(N-;2*:-N)! 0)10(&,)! 02.2" ++1*+1! ' DzZ! |[X! +.21)01! '! 3:)*28! E;)!
4-8&*1&(&10'--+!(+012(21)8!;)0*+-&! 0";*+!*+N).&1VOX! 1+(+1!4-&*1&8+!*2.)N! (&*2!
0'-8+!++1*+5l

|

Tabel 16.TaimekaitseYhe pritsimiskorra maksumused !/ha 201%2.a.

Taimekaitse:

Preparaadi hind, Kulunorm, Uhe pritsimiskorra
€/kg; €/1 I/ha; kg/ha maksumus, €/ha
Herbitsiid Titus 998,00 0,03 29,94
Fungitsiid Ridomil Gold MZ 68 WG 17,50 2,5 43,75
Fungitsiid Dithane NT 7,67 2,0 15,34
Fungitsiid Infinito 18,00 1,2 21,60
Insektitsiid Fastac 50 10,50 0,2 2,10
Insektitsiid Detcis Mega 22,50 0,15 3,38

Toodud eeldustel on aastane kokkuhoitud kulu taimekaitsevahenditelémin !/a.

77Ip>llumajandusministeerium, Maamajanduse infokeskus 2012. Kattetulu arvestusedaaime
loomakasvatuses, JSneda, lk 28.
I
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Tabel 17. Aastane kokkuhoitud kulu taimekaitsevahenditele.

D+86'0 "H#$% ¥8+9'0 |

*L#H#"04%].%+16.9%0,645%0,00886..53.5 +HY5B =Pg
*L##"040,645%(%-<03%"+< 3]-. % ) 9
*L##"04%].%+16.6.%K1<3.3.K.%:.. Y0#HS.+. | +#%-% 'P(=9
(%-.9%3.":<0."35<K .-<#$"3<%:.054 %5 \-. % 7'0
0,004-,"34$%04+4%..98.5 +H90\].% o

Kasutamata maade kasutusele vstmise avalikud hYved
2+12%+(+*+1(++8)10+12*21).)!13:%(&1)!+3+.80)!;E3) 1&8!1++()I0A1&*.)8+10". () 1*!
+14)0* &1+ (+4\;&,,+ 3AA-*21)1 (22*21r NM 1++(+*+!/AA, 28! 0+ 12(IN&()*++,&!
*H(&L) LA rIVAIL++(+*+1/AA, 281 (+012*2.210+12*+(+*+!(++8)!;+-&(&1) 1*6

Maa vaartuse muutumine selle kasutusele votmisel

Thgkordne kasu maa vSSrtuse hinpg tusust keskmisele maaomanikule on
23050 ! ja iga -aastane saamata jSSnud tulu kokku11 miljonit !/a.

!
<,)-5&+02.*¥22-&8)!0+13+*+(& IN&'5++1&!*"*(&1) O A+ I\ (+&!"Z7#M 0+12*21) 1*!
3A.+11)3+.14:..2(+/+,821(++.1\DZ[! 1)..)1*',/'T990#FD! ;+Al  122-),8+N!<)1*&!
(++(+/+,821) ! mitmekesisust. T))! &*),1&&&1*+Nmaakasutust! /+! +, +N!
(:,&,5+.! (AA-+.] *A&),8+3+*! toohoivetr! 122-),8+N! -&&5&1&131*P(+/+,821) |
0',02-),%1&3:&()*X! 3A.&1*2-528)!1 +5+1 04,02-),*1&3:&()! )&! (22*26! 5.8&1*! (:/2!
U-+10)5&,, X! (&1 (&*()0)1&1*+NA:828)! 0+12*+(&1*1;0) (X! 0+1! 0'--+.&0!
3&+3+;).82113:&!),)-5&+02.¥22-&86!22&!),)-5&+02.*22-8§!,'02.¥22-&8),+ X!

1&&1! 1)) 4&5)( ! ,)5+*&&3,) (J2I(++.)6! T +(+1! 02&! *2.)3&021! 1"821*+8+!
&N.&0:&).&1*)!  0+13+*+(&1*! " N&'5++180F! 0+12*21)1* 3A./+1! ')3+.!
4:..2(+1+,821.8&02.! (++,X! 1&&1! 1))! 4+-+BL1"'.2.&1).%1 0+! (2..+! '(+821&6T))5+!
OE1&(21! ', 4&5)(! :&5)*)1"02.¥22-&8)! 3+.&021X! 1))! 3+/+821! 3:&N! *)00&8+! 0+!
+1/+'. 215X ¥ N&'BH+1&! *"*(&1)10+12%)52-1" 11)8+1 122-)(X! (&8+!-:0)(!", | 1)+.!
*+1+0++.211)-&,)3+8!*"-+&,) 86!

B+;+.&1).*1 _1++N! ;&,,+*+! (++! 3AA-*21)(22*21*1 Y 02&! 3:**+! *A+!
4:..2(+/+,821.8021* 0+12%21)1*! 3A./+1! )3l (++! 0+12*211)X! 1&&1! (++! 3AA-*21!
(22*2N6"'s;)0'-8,)! 0+12! (++! 3AA-*21) ! ;&,,+! *:2121* \7Z! )2-1),8&.*! "$ !
)2-1),8&,&!( "10*+M 0)10(&1).)! (++'(+,&02.)\7Z1 -+~ 1'1"#09DZ ! |! [+ &5R
LR+ W2 2011(&. ) &H|CHXI(&L1D).. ) (++1(&**)0+12%+(&1)./AAN!IL++(+*+6

Biometaani omahinna ja ka maa vddrtuse muutuse arvutamisel on votmetdhendusega silo
omahind. Péllumajandusministeeriumi Maamajanduse infokeskus (2012) vilja antud taime- !"#
"#$%$&'B()&*+%B((* )N+, *&() &*+() *#) &*-$+&*1.) &/+*(+0$N 1 &1 !"+#$%&)#) &+23425+$$&($!+"11+3/367+
"#$% &'% ()*% +',,-% ./00% #$1% 2'#34243%56780%!9% :;-<,'3-,;% =",2-3>'2-2*%;,-%;<'='2% .07 0@ 0% !"#$1 7%
kuid siin tuleb arvestada ka sellega, millise mahutavuse ja maksumusega on hoidla. Viidatud
arvestustes on voetud aluseks 5000 t mahutavusega hoidla, maksumusega 225 000 €, kasutusaeg
35 aastat.12

71> 2(+/+,821(&,&1%))-&2(X! ++(+/+,821)1& M’ 0)10211"Z7"612+*%)%2.21+-3)1*21)81*+&(R/+!
N(+0+13+*21)1XI@A,)8+1.01416
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1&,,+*28!" I(++13AA-*21 )1(22 *21*i+N).&IF*"8281)).821*)10+1).* 6

Tabel 18. Maa vS8use muutus selle kasutusektmisel rohelise biomassi tootmiseks biometaani
jaoks.

Eeldus Yhik tulemus

Rohtse biomassi saagikus 1 ha kohta (vSrske mass) t/ha 15
Biogaasi took 1 tonni vSrske rohtse biomassi kohta Nm/t VM 150
Biometaani took 1 tonni vSrske rohtse biomassi&oht Nm’/t VM 90
Biometaani kogus 1 ha kasutusse v>etud maalt Nm*ha 1350
Biometaani hind I/Nm?* 0.88
Biometaani hinna mYYgist saadav tulu ha kohta I/ha 1188
Biometaani hinna kasumimarginal % 5%
Biometaani mYYgist saadav kasum 5% marginaliga aastas I/ha 59.4
Biometaani mYYgist saadav kasum 50 aasta jooksul ! 2970
Kasutusse v>etud maa hind23.a. I/m2 0.30
Kasutusest vSljas oleva maa hind 2013.a. I/m2 0.10
Maa hinna t>us I/m2 0.20
Maa vSSrtuse suurenemine ha kohta I/ha 1970
Kasutamata maa pindala, mis aastaks 2050 wetakse kasut ha 177385

(50% 2012 kasutamata p>llumajanduslikust maast)

iga aastane maaomanike kasum kokku,5% tSiendava Miljon l/a 10.54
lisandvSSrtuse juures 1770385 ha kasutusse vstmisel

Keskmine maaomandi suurus ha 10
Maaomanike arv in 17,739
Maa vSSrtus kokku kasutusse v>tmisel (ha*lisandunud mag Miljon ! 349
vSSrtus)

- Yhekordne 'maa vSSrtuse kasv [ 19,700
Tuua vSlja ha kohta 1,970

Kasutamata maade biometaani miiigist 5% saamata jainud
kasum

Saamata jSSnud kasum kasutamata maaderohelisest biomassist tootmata
jSSnud biometaanist on 17min !/a.

! H.20'--+1X! @1! E.)&.(1).*1 ! 4:..2(+/+,821.&0)! (++8)! 8)M&*1&&*X! 3:&01!
))1*&! 1*-+%))5&.&,)!))L(A-0!"..+! 3:**+1 0+12*21).)! 0:&0! 3A;)(3AA-*21.&028X! *A, +!
0+12*21)1* 3A./+1! '.)3+84:..2C:)&, +(+&8! *'-+&,)! );0! -1).&1)! N&'(+11&!
*'*(&1)016! ?2+12*+(+*+! (++8)! 0+12*+(&1*! 3:&3+8+0&1*+8+!,),8)! +120";*1\1*!
4+8&0,)(&,)!*))8) 14/+!5++1&*-+11&8).&&5+! 0+25)M /+! (+8+.! (2..+3&./+021!);0!
N',&*))*6!<K L?!"Z#ZIN&'5++1&!142282*+3+1!4-'5,"1&1!",13:)*28!1&;&01X!)*IDZ|!
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O+12%+(+*+] (++8)1#!",13:)*281 0+12*211)! -;).&1) N&'(+11&! ***(&1)01X! (&.. )1*!
1&8&11%):+IN&'()*++£10'002!7990#FD! B!

Avaliku hYve arvutamise eeldused on jSrgmised:

! L-32%+++01)13A./+10+12(X! (&L/AAN! 1++ (@8 2%+ (+*+1 (++8)!;+-&(&1) 1*!
).&1) N&'(+11&!1 **(&1)01X! (&..)1* *):+01)! N&'()*++,&X )).82 1).X! )* FZ]!
N&'5++18&1*10+12+01)IN&'()*++,&,+1 ("-&OE*21),+1/+1"Z[1).)0*-&! [+11"/21)!
0"1*"*(&1)01 !

! 2+412%21) 1% 3A./+11")3+%F (++8).51 ' 10+12*211)! 3:)*28! DZ[!\7990#FD !
HAX102110+13+4+%281-17).&1) 1*IN&' (+11&1*\-';20+(+-+.X! A&*)01! 4A&8)-"5X! 1)'N!
0+ 1E1&,8002/ *'8)*28! N&'(+1&1*! 1++N!""69! (., (# N&'()*++,&X! (&..)1*FZ[! !
-)+.&1))-&(&1).10)D(&1)!'(+;&,,+5+!",10'52*2.21 79%  !(.,!|C+6!K),8)! (#+8)!

( &) +-&(&1). HIN&'()*++,&! (&**)*"*(&1)../AAN ID[10+12(&( +5&,+.&!/22-)T=!
(J|CHO+12( &M A++(+*+Bi+N).! 7="6

Tabel 19. Saamata jSnud kasum kasutamata maade rohelisest biomassistta jSSnud
biometaanist on 1ihin !/a.

++86'Q "#$% *8+9'0 ,
Biometaani (CH4 98%) kogus min Nm’/a 380
kokku aastas

Biometaani hind I/Nm?® 0.88
Biometaani hinna mYYgist min Ya 334
saadav tulu aastas

Biometaani hinna % 5%
kasumimarginal

Saamata jSSnud kasum tootma min l/a (?P@o
jSSnud biometaanist

Kasutamata maade harimisest saamata jaanud maksutulu

Aastas jSSb riigilkasutamata maade mitteharimisest maksutuludena saamata
10 min eurot.

?+12%+(+*+1 ( ++8)!;+-&(&1)1*! 1++(+*+1/AA,28! (+012*2.2! +-3)1*21)! +.21)01!")!
3:)*28! DZ[! 0+12*+(+*+} (+&8!\7990#FD! ;+X!1 021! 0+13+*+*+01)! 1&." 1++5&021)5+!
TDI*C; 4!+ 1& (+;&,,+011",13:)*28I#Z!|C*  61<).821).X1)*11&."'(+;&,,+1*1#Z[!
("821*+3+8l+ *aa/:202.28X! (&..)1*! '(+0'-8+ !$7[! ! (+0128)! '1+0++.X! jaab
aastas riigil maksutuludena saamata 10 mln eurot.\i+N).!"Z »

Tabel 20 Aastas jSSb riigil kasutamata maade mitteharimisest maksutuludena saamata 10 min eurot.

++86'Q "#$% *'8+9'0 ,
0:543.:.3.%:..$<53%7'D%,#%KL<34%$%

0.54345<4%% - % (CC8)>%
5"+,%5..6"026% 3]-.%WRo (7%
5"+,%0,00¢ 3].% &8?77?'8CCH
5"+,%,:.-"#$% \]3% ) %
04+4%5"+,+<%0,004%..53.5 +#9%\].% >' %
t§Sjpukulu osakaal silo omahinnas % 30%
t§Sjppukulud silole aastas min /A 24
maksude osakaal t§Sjpukuludes % 41%
Saamata jSSnud maksutulu aastas min !/a 10
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ihusaaste peenosakestst tulenevatekaotatud eluaastatet-ttu vShenenud
panus SKT-sse

>),%)! '1+0)1%)! aad4A)3+0)10(&1)! 4&&-3AA-*21)7# \DZ! €5C(*" #$%&'()*)"
)5&1*-))-&*&! 3&&).10'—+.li+..&,,+11"Z776+!3+&8!0)10.&,,+16!}&1(A)./+17'4.& 11 /A&S!
4)),%)! '1+0)1%)! 1&1+.821)8! 4&&-3AA-*21)1* (+8+.+(+016! >))*)! '1+8ste
I"HSSHYOVO&H (H)*+ %08+ (HS) S+ (HH) (I (1+-11(+ 1. /14) O/ H& 1+ /11¥1+ (HH-'"H&I+ 2'+

1" +(&,)6! H1+.&1).%1" 14)) )8! *.(2'1+0)1)8! 0+! ."821.&002! 4A-&*'.26! B&&OD.&02!

1)&)! —++()1! )&! 22-&*+! "821.802! [+! +*-'4'5)), 1)l 1++1*)! '1+0++.2! * (21X!
1+(2%&1%.(21+ +1*)14A-&* . 76!

Ohusaastamisest tuleneva saamata jiinud panuse SKT-sse arvutamise
eeldused:

<).8+()X!)*14 ")813A.&1::2!)&*()*)1*1 4A-&,) 3+8!*-+ 14'-8&1*6T))5+! 0+'*+*28]
).28)1 +-31 ++1%+11 "1 V4 $ZZZXI)E &,&()1)! 4+,211 ++1*+11 1&1)(+/+,821)!
0'52 4-'820*&! ' 1" Z! ZZZ! |C4)-1 \*A4&*+6! i+:0)8! '1+0)1)8! 4A-&,)3+8! 4::&.&1).*!
8&&1).0E*21%)14: )*+(&1)1*X! (&8+!"Z776+14:.)*+*&I OO#I(.,).&&*-&*BIFZ[IN&'()*++,&!
):OMH#ZS! (VK (# ++1%+11 1++N10+12*+8+1*-+,14'-8&1X! 1)..) 1*1 OO[! +1),8+011#Z]!
8&&1).0E*21)&86! T))! '(+0'-8+! 3A:),8+01! #Z[! 8&&1).0E*21%)! 0+12*+(&1*X! (&1!
'(+0'-8+! 3A;),8+N! #Z[! 0+*+*281 ).28)! +-321 ++1*+1! );0! 7"ZZ! 0+*+*28

). 24+ 14561 <).8+()X! )*1 71 & &()1)! 4+, 21LTPRLY " | ++1*+11 "Z0ZZZ! |C+X! 1))5+!
N&'()*++,&! (&*)0+12%(&1).! *-+,14-8&1LLIAAN! E;&10',,+.] 1++(+*+! 0+*+*28]

). 2++154+¥) 15521 ) 8)10'524+,211T2i  “RLL)++1*+1112((+11"$!I(.,![6! \i+N).! "7 @

|

Tabel 21 ihusaaste peenosakestest tulenevate kaotatud eluaastate t>ttu vShenenud pasae.SKT

++86'Q "H#$% “8+9'0 |,
92.#5;,2$"53%;12"#<K.%L-45/FB4W/<+%0.,3.34$%

<+4..53.3<%K%..58% <+4.533]%| =8" %
h,55"+5<%$""'5<+0U345<%3.2N""#<%. 536%A& (P  +#%+Yo 2C)%

Y",:<3. #"%:.05". +#<%,5:0..+%X,55""+5<%$""5<+0U3

5<#$.."5<+% D% )D %

["5<+0U345<%0,645%..53.58%:"5%,#%KL":.+"0%.5<
N",:<3..#"6.%A:,,$453.N%??D%N",:<3..#"'%
0,64;,3/<#35"..+"53%32.#5;,2%$"0U345<#.%K)'=%: +# +].% &'&%

Y":<3..#"6:%)'D%X,55""+5<%$"'5<+0U345<%.5<#8$.."
K1-<#<N%32.#5;,2$"53%;12"#<K.%L-45..53<%3.6./12

0.,3.34%%<+4..53.3<%.2K%b3.5 <+4..53.3]1% (8&" %
(%"#":<5<%,; . #45% BB %..53%% \]. % &'8" %
kaotatud eluaastate t>ttu saamata jSSnud panus SKT

sse min !/a 24

Orru jt (2011)on uurinud >husaaste peenosakeste tttu saamata jSSnud panuse mSSra

SKT-sse:
OKokku p>hjustavad Ylipeened osakesed vSlisshus Eestis hinnanguliselt keskifisehafst
surma aastas, mis ldhtuvalt erinevatest tegurites jidab usalduspiiride (95% CI=155— 1061 juhtu)
vahele. See teeb kokku 8 312 (2 234—14 608) kaotatud eluaastat aastas ning keskmine oodatava

TR 4G SUHE'S H&(&) *+,--+$%ott O I S &S () <4+, - ) I'+/(1101)'2) ) 3" ("41%, ) 1§
7310)100',,+1)&-)!1"Z77X!.017D!
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eluea kaotus elaniku kohta on ligi 5 kuud. Suurim oli oodatava eluea langus suuremates linnades
nagu Tallinn, Tartu, Narva, PSrnu ja KohtllSrve ning msnewsrra korgel IdaVirumma
piirkonnas Yldiselt. Peale liikluse oli linnades vSga oluliseks tervisem»ju tekitajaks kohtkste, Ida
Virumaal toostus ning maapiirkondades teistest piirkondadest kohale kantud saaste. Peened
osakesed vSlis>hus p>hjustavad Eestis tSiendavalt veel 3124888 hingamisteede ja 555
(358-706) sYdameeresoonkonna hospitaliseerimise lisajuhtu aastas. Sotsiaalmajanduslikud
véliskulud on 378 miljonit eurot aastas varajase suremuse ja 2 miljonit eurot hospitaliseerimiste

tottu.” 15
Keskkonnakaitse

PM sektori metaaniheite vShenemine

L,+)-"N,)! 0OAA-&*+(&,)! 3A;),8+N! 4:.2(+/+,821.&002! ()*++,&)(&11&"& 6
b+28+1!1"')3!1)(&11&",! 1A&.&NXAA;),)N! .A 5+0A&*.21)! )(&11&", X! 1)..)! (:/21"!
0)10(&,)X! 028! )**)3++*214-& *1&&4&! +-3)1*+8)1! 1&&10&! '.2.&,)6!'?)10',,+0+&*1)1!
(::8)*+01)! ()*++,&! 02&! 1++1*+3+* 0+132;",)5++18&X! +,+)-"N,)LOAA-&*+(&,)!
3A;),8+N!1)8+!/+!3:&(+.8+N!1++828!),)-5& +!A-+10+12*+8+6

|

i+)8+1*11: ,,&021*X!102&!1)8+!0'(4'1*))-&*+01)!0"--+.&02.*! ()*++,&!)&!*)0&X!\1)8+!
A)+N! 1)5+(+X! 1)+.1 4)+N! 1T++32%+(+! *)(4)-+*22-&! DBZ! GAX! *A +! 42282N!
E.)3++8)X!02&!4+./21*)00&3+1*! 1:,,8&021* 0'(4'1*))-&*+01)! ,:2)*).)! 3+1*+3+ *X1 1*6!
)*I*&(20114+)-"N )L +52,)(&,)X!(&..)  !10A&5211()*++,&1)&!*)0&6!
P)8).+!1.A5+!;'&8.+*)1*X! (&1!",10+*(+*+X!;+00+N! () *++,8!+.82(+!3A.&1:;02XD2&!
1)+.#)0&N!+,+)-"N,)!0)100',8X!02&!1)8+!4-*1)11&!)&!0' *-'..&X!1&&1!",1&1)),)1.&0!
O*++,&;)&8)X!1(&1!",10)100",,+4-'N.)(X! . !

|

>N))(&!.+;),821)01F,1  +AI0+1LAG+I*1¥): +IN&'S++1&!3:&INAF): +1%+1%1%+;)1:, &OX!
(&8+10'(4'1*))-&8+6! !

"#$PN&'("&) " *H#+SP,
i
"
&
%Il an BN B B * oo ['0+/1+"2,3-4"
s
#"

" || || B | E—
#N06"  HU("  #N&"  #)" O #oHM

Jegonis 9 ihku heidetud saasteainete heitkogused Eestis kokku ja maakonniti ajavahemikul 2006
1
011

700X **4fCC-+;3+*)-3&162*6))CN&*1*-)+(C7CDZF7C7CH--28EV 764
QY llikas: Keskkonnauuringute keskus, 2011. http://www.keskkonnainfo.ee/main/index.php!
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T+01+! N&S5++1&! 4'18&*&&31)*)! (:/28)! E.)3++%)1! \2.&,5)-! 7=F22+01)!
1:,,& 02(+/+,821)!:&,,+,52.&1)01!'1+0++.201 [()*++,& 10'52 ;)&*)119[6!!

Juhul kui 70% s>nniku aastasest maksimaalses7[® on kasutatava s>iku- ja
ISga kogusega arvestatud biometaani potentsiaali arvukesgslest kSSritada
biometaaniks, siis selle v>rra metaiheide vShenebTabel22)

Methane is the second most important greenhouse gas in the world, with a global warming
potential (GWP) of 25 times higher than CO: (in a time horizon of 100 years). Methane
emissions occur in any anaerobic processes with organic materials. It has been estimated that
methane emissions from agriculture contribute about 33% to the global greenhouse effect.
About 7 % alone result from animal excrement.””

Tabel 22. Keskkonnale hoitakse Sra kahju 30@)/a, kui 6275% ISgast kSSritatakse biometaaniks.

++86'Q "#3% *8+9'0 ,
R<3..#"%<:"55",,#%..53% 3].% (&8™ %
*L##"04:.] #$45<%,5.0..+%:<3..#"-<"3<58% D% CD%
*L##"04%,5.0..+8%:"$.%00.543.3.K.5%:;,3<#35"..+"%.2K4345<5%
0.543.34%% D% C'D%
*Li#"04:./ #$45<53%k 2"#<K%:<3..#"-<"$<%..58.5 3].% 7>3%
F"0.00.+"5<5%;<25;<03""'K"5%,#%:<3..#%&7%0,2$.%5442 < . %#1
0+"":.:L/46.%04"Yoa ki’ 0,2%./. % &P
aH&%<0K"K.+<#$"5%:<3..#"-<"$<%%.53.5 3].% (=8C" %
5U5"#"0$",05""'$" %3, ##" %-"#HPaA B % 0<50: "# E \]3% &' %

5 —— =
7% meta_anlheltr_ne negatiivne keskkonnakulu aastas taandatuna I/a 294,000
CO2 ekvivalendile

Nitraadileostumise vShenemine

KSSrimisjSSén taimedele paremini omastatav ja ISmmadthendite
eralduminepinna ja p>hjavette seega vSiksem

Within the agricultural sector anaerobic digestion may contribute through a double effect to save
water resources (e.g. 1 litre of drinking water in the Aral Lake region costs about 1 US Dollar).

1. Through the increased ammonia content in the digested manure an accelerated plant up take occurs.
Roots prefer ammonia than nitrate, if they are available at the same time. When ammonia is more and
faster absorbed by the plants it cannot be transformed into nitrate and leached downwards in direction
of the groundwater level. Thus groundwater pollution through nitrate is prevented.

Trials on cereals have demonstrated the higher uptake of ammonia from digested manure which
resulted in.an/equivalent of mineral fertiliser between 79 to 101 % (mineral fertiliser is 100%). Raw
manure achieved an equivalent of 35 to 42% only. This increased up take of accessible nitrogen during
the growing period implies for the following period (autumn and winter) a reduced nitrogen content in
the soil. Unwanted mineralisation of nitrogen at this time is reduced and the risk of transfer to the
groundwater is also reduced [14]. (Klinger 1998 |k 6)

Nitrous oxide generation is a natural microbial process. It is produced during nitrification and
denitrification processes in soils, stables and animal waste management systems. In general nitrous
oxides emissions appear in soils without anthropogenic influence. Fertilising as well as special
conditions during storage can immensely increase the emissions.

Very few detailed information is available about the reduction potential of nitrous oxides through

O, &O+1f1%+-N+-+12.&,5.)-XI7==F6!<,3&-",(),*+.IL14)V*1I'MI%&'5+11)V;, . 5SXIW)-(+,1%6&'5+1!
L11'V&+*&' B)12 *1IM-"(Iwie R-/)V*1,>-'(*&' I'MIL,+)-"N&VI)V;,".'58&)1X!7==Fli%p!w(N]6!
W-+,0M2-*61b0196
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anaerobic digestion of animal waste. There is still a need for further research. Nevertheless recent
research results lead to the opinion that anaerobic digestion of animal waste significantly reduces
nitrous oxide emissions. [3,16] by

1. Avoidance of emissions during storage of animal waste.

2. Avoidance of anaerobic conditions in soils.

3. Less N2O-losses through increased nitrogen availability for plants and a faster nitrogen absorption
through crop plants.

4. Reduced application of inorganic nitrogen fertiliser and N2O avoidance during production of
nitrogen fertiliser.

5. Avoidance of changes of land use (saving of forest resources).

Considering all these effects an N2@duction potential through anaerobic treatment about10 %
could be assumedKlinger 1998 |k 8).

K SSritusjSSgil on paremad vSetusomadused kui s>nnikul

Many farmers have observed improved yields afte using digested manure. Measurements show a yield
increase of 2 to 3 % compared to untreated manure2-4. The effect is more significant if the manure is
directly injected into or covered with soil and when applied before seeding.

Another observation from farmers after use of digested manure is that the grass.variety is higher than
with untreated manure.

Through co-fermentation (addition of agro-industrial residues such as slaughterhouse wastes, fat etc.)
the nutrient content can easily be increased. Through addition of co-substrates and improved
fertilisationtechniques an average of 20% more ammonia (ca. 0:7-kg/mN biomass) and 30% more
phosphate (ca. 0.3 kg/mN biomass) is achieved, which substitute the usejof mineral fertiliser [3].

To produce one kg of nitrogen, 2 kg mineral oil is needed (Haber Bosch System). An average of 30 MJ
per mN of biomass [3] (manure and co-substrates) can be.saved through cofermentation.

Vajadus kunstvdetiste jargi viheneb, kuna:
7TMNOAA-&(&1/AA0*+&()8).)!14+-) (&, &V (+1*+*+3X!11*6!1)8+!02.2N!3A;)(14)-1;+
"MN&'5++1&!)8),8+(&,)!*"'NI1221&IN&FAA*()!3"5)14:..2.)\1*6!-;0)(!

N&'(+*)-/ +.&!/AAN!-&,5.281)

%&'IAA*()8!",!,a6!22)8!*"-()3"8 X1(&1! (282! /AA01&8! 3A)*&1),+! 0+12*+(+*+6!
“&,)-++. 3A)*&L)! *H(& ) 1 1),)-5&+&,*),1&&3,)! /+! 02.20+1! /+! 02.2*+N! 4+./2!
M'11&&.1)&8!0E*21)&J6++.3A)*&1*)! +1),8+(&,)! 3A)*21'(+821*).*1 3:-83AA-1)!
OAA-*&TAA5&5+!",10)100",,+.)!10+12.&086!

Tabel 23.!P:-8.)3! A((+1*&02! \KN 0+12*21! 4-'*1),*&8)1! 1)+R/+! .);(+.A5+! ,& 5! 0AA-&*21/AA5&!

42:2.1)-&,)3+*)! A5+COAA-&*21/AAS&! 4A-&* 21 3+:). X! ++1*++)5+8)! 3+:).1 [+ )3&*+(&13&&1&! 3+)).6!
\+..&0+1f1%&-0¢1)XI"ZZ=16

Kevad Suvi

T...2.%.++.%K"$4%. |Lohiskingaga! [T...2.%.++.%K"$44. |Lohiskingaga
Taliraps % %
*<, +16.% % 27 % %
LehmalSga =7 % %
T112"345/190 CH % %
H&#S,
*<,+16% ? ?' N =7
LehmalSga 7 =7 =7 )7
T112"345/190 C' ?7 ?' =

"Flgllikas:http://www.farmplant.ee/component/k2/item/93? tmpl=component&aken!

7=lo&-0('1)X!i6!"ZZ=6'Nitrogen recovery from organic manures: improved slurry application
techniques and treatment - the Danish scenario’. n,*)-,+*&',+.1W)-*&.&1)-1T'V&)*S!>-'V))8&,51X!ADO6
|
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L3+.&02!:E3)!.)&8(&1)01! +-32%+()L)++.1)| OAA-&*21AB&! 0'521)1/+11)..)11".)3+ 8!
3A)*&1+&,)! 0'521)8X! ,&&! 3)8).+1! 02&! *+:0)1! M-+0*1&(E&LMI2:2.! +, +N! 1&&1!
+-32%+8+X1028&14+./2102,1*3A)*&1&10'002!; & BRRLY I(&,)-++.3A)*&1)8!,10+..&8X!
188&11)5+1*A +1),+(10))5&!,)&8a12(N)1! 4:..2.+1)5+1%22.8))&!."N&6

Talinisu RAMIRO (eelvili Il kasutusaasta p>ldhein) vSetamisel@mmastikvSetiste
efektiivsus kasvuaastal k>rge. Isegi35 kg/ha juures eisaavutatud vSetamise
agronoomilist maksimumi. K>rgeima terasaak (6500 kg/ha) saadi vSetis¥arian
N135 P39 K90 kg/ha.

Kddritusjaagi omadused

?A)1')3! 4)+*E00! 4:;&)N! &M'-(+*1&",&.! n<L! %&"),)-5S! "Z7Z6} ++1*+!
N&'5++1&/++(+8)! 0AA-&*21/AAS&! E.)3++*)1*! N&'3A)*&1),+! 0+12*+(&1)¥D';*+6
%&'5++1&! 0AA-&*21/AAS&! 0+12*+(&1).1\(+;)*"N&'3A)*&1),+!',! (&*() &BBARA-*21&!
&1+011%)(+11')3+%).)13A)*&1+&,)*).) 6!

|

?AA-&*21/AAS&! 0+12*+(&,)! 3A)*&1),+! 3A;),8+N! M'11&&.1)*)! OE*21*)! /+!
(&,)-++.3A)*&1*)1 0+12*+(&1*X! 3A;),8+N!0+132;",)5++1&8)!)-+.82(&1*! O+*(+*+!
1:,,&02;'&8.+*)1*X!  4+02N! 3:&(+.21)! 122-)! IM)0*&&3121)5+! -)11X3)!
*++10+12*21)01! /+! 12.5)N! 1)..)5+! **(&1*1EQ.&X! 1*! +&,)8! 0A&3+8! -&,5&! ),)-5&+!
(22,8+(&1)! 0A&521! /AA*()3+N+.*X! 1)1*! 0:&0! *)00&3+8! E;),8&8! ',! /A-5(&1*)!
4-*1)11&8)!*"-+&,)016!i+N).&1'$ 1*"828! 3:-8.21)1!" ! A;+X!)* 1: *2(+*+! A5+ |
AA-&*' . 21*X!.)3&*+(&IBL&L*! [+ +/+1*!" 10AA-&*21/AAS&1! . A((+1*&02!'1+0++.13:-8,)!
3:&!122-)(1 02&! OAA-&*+(+*+! .A5+16! "&11*:)1*+N! E;)1).*X! )*! . A5+! 0AA-&*+(&,)!)&!
3A;),8+! 1)..)! 3A)*&1'(+821&X! 3+&8! 4&5)(! 122-),8+N6! <,+(5&! 3)).X! 122-&(!
1*1&++.,)! 4.211! 0AA-&*21/AAS&})3&*+(&1).).&H .A5+5+! "1 0AA-&*21/AA5&!
)3&*+(&1).)N+()).8&3+!;+&12!42282(&,)8!

?AA-&*21/AAB&1! ')3+! A((+1*&02! 3A)*21'(+821&! 1++N! 3A./+,8+8+! 0+12*+(&1)!
4-*1),8&,+! (‘utilisation percentage”).! T))! "I (AA-+*28! 0AA-&*21/AA5&1! ')3+!
E.8.A((+1*&02! 0'521)! 0+282X! (&1!',!3:-8,)!1 12;*).&1)! (&,)-++.3A)*&1)1!".)3+!
A((+1*&02!10'521)5+XN)* 1 14+8+11+(+11++06! ?2AA-&*21/AA5&!3A)*213AA-*211122-),)N!
0"1!13A)*21+&,)*)!1 4-'%1) *2++.1)! 0+12*21)M)0*&&3121)! *:2125+6! "&8+!122-)(!",!
0+12*+*+3+L A((+1*&0214-*1),*X1)8+!14+-)(1",13A)*&16Ni+N). I"$~

Tabel 24. KA&S)! i#+&1! (::8)*28! A((+1*&02! 0+12%+(&1)! 4-*1),8&1* [+ +((",&2(&!
"14+0++,21% E8A((+1*&021% )-&,)3+%)1! 1:,&02%)1! /+| 0AA-&*21/AAS&L! 123&'8-+! [+ *+.& &12!
3A)*+(&4).6N\%&-0('1)X!"ZZ=1'6

Sonniku tiilip Vili ja kasutamise aeg NH4-N osa ild-N (%) N kasutus (%
iild N)
SYgavallapanu, veised *AK" $<28% 0<% $ &&%b )&%
SYgavallapanu, sead 3.+"#"548%36)6"5 &)% &6
VeiselSga 3.+"#"'548%0%K.$ 78% =7%
SealSga 3.+"#"'548%0%K.$ C206 )%
KSSritusjSSk* talinisu, kevad >)% >' 0%
KSSritusjSSgi vedel talinisu, kevad >&% C%
fraktsioon
* P>hineb 20 kSSrtusjSSgi keskmisel, kus substraatideks olid ISga ja toiduainet33stuse jSStmed

'Z1p20);2-1*XIGBXIW-"1*XI>1+ 8! Lb! T)+8&!i61 "ZIZBQ'"),)-5S X! i+10#9I V1J*& &1 ++&',I'MI 8&5) 1*+¥)!
M-'(IN&'5+114.+ *11+1IN&'M)-*&.&1)-X1@2,)¥'2 726
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|

O AD+(&1).* (&,)-++.,)! A((+F1*&0! \+H((",&2(0 LA((+H1*&0MX! (&1 !
*+&()8))!'(+1*+*+3!0";)14A-+1*1(2.8+! 3&&(&1*6!1)'-))*&.&1).*!"11:,,&02 1!'.)3!
0+12*+*+3+! A((+1*&02! '1+0++.! 3:-8,)! 0AA-&*21/AA5&1! ')3+! .A((+1*&025+6!
>-+0*&.&1).* X1 02&! *'&(2N! 0AA-&*21/AAS&! )3&*+(&,)! (++4&,,+.)X! 1&&1! (&,5&.! (AA-+.!
),82N! +((',&++0&X! (&..)! *+5+/A-/).] *+&()8).! 4".*! '(+1*+*+3+! .A((+1*&02!
0'521!3A;),)N6!"&1*:**21'1' 2.&,)!3A;),8+8+I0AA-&*21/AAB&!0'0024228)*!:;25+!

,&&! . +821*+(&1).X! *-+,14'-8&.! 02&! .)3&*+(&1).X! )*! 3A.*&8+! +((',&++5&! .),82(&1)!
0+282!.A((+1*&02!0'521)!3A;),)(&1*!0AA-&*21/AA5&16!
?AA-&*21/AA5&!10+12.&0021*10&,,&*+N!0¥2 186)+T==F IN&'5++1&!+.30)!
;E3)8)122-&,5f !

“Manure, compost or any organic fraction will increase or stabilise the humus level in soil.
Humus is one of the most important compounds in the soil since it is responsible for the
temperature of the soil;, the water capacity, structure and pore volume (which is very
important against desertification) and absorption of nutrients.

During the anaerobic process most of the low molecular substances (less than 1000 g/Mol)

are degraded, while lignin substances still contribute to the humus poolof the soil [1].

Thus fermented manure still contributes with its humus building substances to soil fertility.
After anaerobic digestion about 25 to 40% of the organic dry matter is converted to methane
(CH4) and carbon dioxide (COZ2). This reduction results in a decreased carbon/nitrogen
proportion and improves the quality of manure.”

<).8+()X!)*I0AA-&*21/AA0&!)&!*aa8).8+1*A&);8+3+ *13A)*&1),+10+12*(&1)01X! (&1*: 2!
'13:)%281 )8! 1&1),8&8X! (&..)! OAA-&*21/AA0&! 1++N! *1)I 0+12*+8+! 3A)*&1),+6!
T)..&1%)11&B&*)10'5211++1*+117Z[Kuivainele PL)H++ 8+%2 +I' I7F6"I(.,I*C+6! |

|

<).8+()! )*1 1&1),88*)! +,+)-"N1).! OAA-&*+(&1).! 3A;),)N! -5++ & .&1)! 0283+8&.)!
1&1+.821"BZ[X!0)10(&1).*11&&LIH#Z[6

|

b&1+0AA-&*21/AAD&! 1+4N! = *1)1* N&'(+11&1*! /+! 4:..2(+/+,821.&0)1*! (228)1*
JAAD&S)1*X136+6!1:, &BBHIL))5+ 7H#(., 1¥C+! 1) 1*IN&!(+11& 1AL ++NEI(.,1*C+!
0AA-&*21/AAQRL! 7Z[M.61"22,+! 3A)*+(&,)! *&(2N! A5+ +X1 3)8).+*1 [+ *+:0)*]
0AA-&*21/AAB&IM-+0*1&" &!)&!)-+.8+*+X!18&11)).8+()X1)* 0AA-&*2 1 /AAB&IP! I 1+(+
A((+1*&002102841:,,&0216

=1 (1 %, &1* OAA-&*21/AAS&I*! 1++N! AV-+BZHOHON +X1 1+(+1! )&! *&(2!
(&,)-+#.3A)*&1%)! +1),8+(&1*X! 02,+! /22-8)! 0+13+*+*+3+&8! *+&(&! 3A)*+*+01)!
0AA-&*21/AABES+X! 11 (&,)-++.3A)*&1%)! 0+12%+(&,)! )&! 122-),)6! "&1! ;| 0+281).*!
A'18*88&3,)XI+5+) & )P *l-+:+.&1).*1(::8)*+36 |

BiokYtuse kasutaminep>llumajanduses

>:. . 2(+/+,821(+1&,+8 10+12*+3+BN&'()*++,&!)-&8&&1).0E*21)! +1)().X! 1).1/2;P.
3A)IN! 401 ( +1&,+%)1 ),8+! ))&*5++1&8)! 0'521X)..)! (/2! ']  0)10(&,)6!
O&'()*++,1+1),8+N! )-88&QI0E*21)YY1)1&+.521++1) /AAN!*)0&*+(+*Dét+1%)02.2X!
GHX3:-8.211',1*"828IP+.8'IP+0)-&!)**)0+,8)1 71" &117Z I

T1¥*4fCC(1,21(&,)06))C8'V2(), *1CT) (&, +-"#1"$tZ#7 7ti+-*2648M !

Ahto Oja ahto.oja@monusminek.ee $9




Eesti Arengufond Lopparuanne - Biometaani avalikud hiived August 2013

WTW kasvuhoonegaaside emissioon, gr CO2 ekvikm
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Joonis 10 Energiakulu €rinevate autokYtuste kasutamisel 100 kilomeetri ISbimiseks WTW meetodil.
(v>rdlus on taandatud sissepritsega ottomootoriga bensiineakéskmise kYtusekuluga 7 1/200 km).

2+132;")5++1&8)! "1)52! )(&11&"! )1&+*+01)] GH+ )03&3+.),8&,+6!
2+132;")5+%1)! ¥)0&N! 0E*21)! ).2*1E0.&! \F"*(&,)X! *2-21*+(&,)X! *+-N&(&, )"
*2-21%4(8&,) XL *+-N&(&,)N 0:85&1! '1+8)16! i+-N&(&1)! M++1&! ):0! OE*21)! ("*-&1!
4: )+ (&IFARI*+++01)ILE;),8&5+liphi+,0 R B;)).176! |

pip! \p).. B B))).1M *A;&1*+N! OE*21)! 0'52! ).2*1E0.&*! +.+%)1)..)! *'-()!
0+)34,8+(&1) 1! (++-8.+11/+F"%(&1)1*102,&! ("*'-&114:.)(&1),&6! !

Through anaerobic treatment of animal excrement a renewable source of energy is
generated, which has an important dual climatic effect. The use of renewable energy reduces
the CO:- emissions through a reduction of the demand for fossil fuel (1 msbiogas substitutes
0,5 kg oil for energy purposes reducing 2,6 kg CQ-emissiong. At the same time the process
can diminish uncontrolled methane generation by capturing methane.

1 liitri bensiini polemisel eraldub 2370 grammi CO: ja 1 liitri diislikiituse
pOlemisel eraldub 2650 grammi CO:

<).8+(OX! ) 3+.8+3! ) +(21! ++1*+1)1* )-&8E1).0E*21)1*1 0+12*+*+01)!
4. 2(++,821)1X1)).8+() X1 )*1 "D[! 1)..)1*! +1),8+*+01)! N&'()*++,&5+6! <).8+()X!
)*1 M'11&8&.1)¥)! OE*21*)! +1),8+(&1).! N&'()*++,&5+! | 3A:),)N! 0+132;",)5++1&8)!
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+..&0+1*1 4++5& & \pipX! )R’ R;)).MN ()*"8&0+! +.21).1=9[6!K),8).1)).821%).!

'& *+01)| A-+TD$0=F*'| & GH!)03&3+.),8&1!:;2;)&*()&8!/+!3:**)11+.21)01IGH!
* &1:&, +"ZI [C*X! ') 0+12! E;&10',,+.)! # (! |C+6 ! T))! 1&1+.82N! 0'52!
%+ 14'-88&113A)),),28! GH*+N).&16

Jdadtmekditlus

BiojSStmete taaskasutuse suurendamine

L,+)-"N,)! OAA-&*+(&,)! 3 : &(+.8+N! 4+-)(&,&! *22+! -8,5.211)! &IAA*()&8X! (&1!
A+ A)3+8! A+-&(+. [2;2.1 0(4'1&01 1 \PAA*L+X! @:).A*ONX! :+.3&(+.! [2;2.!
+8)1++++01)1 1))l 4-E5&(A).)6! L,+)-"N,)! OAA-&*+( & ! +&*+N! 1++32*+8+!
N&/AA*()*)! +8)1*+(&1)! 3A;),8+(&1)! 1&*+-3) 1 \$Z[! ++1*+01! "Z"ZXV B*1&1!
JA&X)OL!" 2N+ 0E((0",8! ++1%+*1 0)).+*28! &5+1252,)I N&AA*()*)! . +8) 1*+(&,)!
4-E5&(A))!'YW/+17".&,,+IN211&8!1:&8+3+8!B"1&1!7ZZ[!10";+.&0) 1*IN&/AA*()*) 1*!
#):%281 N&'()*++,&5+1 6! PA&S)*+OX))* 0+! 0'(4'1*&(&,)! 1 *++10+12*21X! 1*6! )*1)&!
&1+ *1) ¥ (& 8+5&! /22-8)6! T+(+1! 3:&10+! 3A&*+X! I N&'5++1&! **(&,)! !
0'(4'1%&(&1)1*! 4+-)(X102,+10+12*+*+01)I A+ 05K +18&.& ))-5&+ N()*++ X!(&1!
0'(41%& (&1)!142:2.1 A)N! *)&L*)! 5++18&8),+! 0+82(BT++(+*+ /AA, 28! *2.21 |
*'82810'52IN&'()*++,&!*"*(&1)1*11++(+*+!/AA,2  8!*2.21*+N).&16

Reoveesette parem kSitlus

<,+(&0)11)! 3A&0)! -)'3))42;+1*&*)11)! 4')! .+,4)-"N1)! 0AA-&*&! -+/+(&,)!
1%4-N)0+1X!+5+102&!1)*)! 3& &+ N&'5++1DR/H&EA ! 1++N!1))1:A1*&!0A&S) 82880
13N ES&),&L))-&(&,)! N&B#+1&/++(HU )*!I 0+12*+8-4AA-&*21/AA0&!
3A)*&1),+XI1)I'1.2.&,)! *))(+! 122-)(+*)11&,,+8)1 6

T++(++1 JAA, 28! *¥2.21 %)5)(+*+] N&'()*++,&1*! /+! 1)..)! (EE5&1H,! *'828! 0'52!
1++(+*+1/AA,281%2 21%+N). &1 6!

Metaaniheite vSheneminéSideldud reoveesettest v>rreldes kSSritamata
reoveesettega
b&,,+8)113A;),)NI-):3))1)**)10'(4'1*&(&13A./+02%)1*1%2.) )NDN+()).8&3! :+&1X!
02&0AA-&*&!*aa*+NI0=-+.&02.*I/+102&10'(4 1*&BE&H+01)! . AN&!,:2)*)0";+1).¥6
22&10'(4'1+&(8&)! ) :&5)1*&! *):*28X! 18BN 3A;),8+N! :+&12X! 1&&1!)&! *.)! O+!
4-N))(& BYB#:+.:&1).*'11).)I(:/2!-+10)1*&1;:&, +*+361i)'-))*&.&1).*13:&011: +&121*!
%2))3+10&, )& 13+-+1:&, +1 .+ 5)(&1%13:--).8+! (28821 1-+(+8)1! *& 5&(21*)1!")3+!
+&123+NHI0Z 13 +-+1:&, +5+HB3+ *&*+*&&31) *)&!" )1 1)8+1(:/213:&(+.&0V:&, +*+X]
0'521)8"",10+!13A5+!3A&01)86

Energeetika

Taastuvenergia edendamine/ energiasekto@O, vShendamine

UR'()*++,1 ', 105+.&0! *++1*2BE*21X! 1+(H#D&! ') 1)) +-52(),* E01&! 0:&5)!
*25)3+(X! 02,+! ,*6! *22.C42&*! +,,+3+8! 122-)(+F++1*23).)0*-&/+! 1"/21),)-5&+!
(+;21/+1',14).5+.*1),)-58&+*  * 21)I/A-5&!+-32%8)1!'8+3+(+8!);&*+8+!/+|0A&*+8+6!
%&'()*++,&! *"*(&1)5+! 0++1,)3+8! (&*()8! +3+.&028! ;E3)86! | >:.)30&3&1*! ).)0*-&!
*%(&1).  0++1,)N! GH! ;)&8)! 76ZD! *,.&! 7! "p; ! 0*+6! "Z[! N&'()*++,&!

4'%) *1&++.&!0+12%+(&1).| TFR1!",11)..)!4-&(++-),)-5&+!0'521190Z02ZZ! "p;C+6!
T+(+!0'521)! 4-&(++-),)-5&+! 1++(&1)01! 4:.)3083&1*!",! GH!;)&8)! 9=F0ZZZ! *C+6!
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0%&'()*++,&! 4:.)*+(&1).! )-+.823! GH-! ' 1E1&,&02,)%++.)X! 02+ 1) ')
*4+4+1%230E*211/+IN&'(+11&!%)00&(&1).!",11))! 1E1&,&0!+*('IMAA-&1*11)*2861>:.)30&38&!
4:)%+(&1).! )-+.823! GH-! ' M'11&&.,)! /+! &1+ 82N! 4:)*+(&1).! +*(1IMAA-&X!
4:/21%+8)110.8&(+(22*21&6!P**) LIGH', &1:&,,+011"Z|X!:'&*+01)1++1*+1IA-+170!
(I3AA-*21)1IGH - 1)&*()&8!\i+N).I"D "6

Tabel 25 P>levkivi asendamisel biometaani¢20% potentsiaalist, 76 min NinSra hoitudCO, kulu
aastas.

++86'Q "#$% *8+9'0
Y",:<3..#"%0,6458%:"$.960.543.3.05<%*J T%<+<032"%/.%5,,/45<9

0,,53,,3:"5<05 % +#%M?]. % CP%
Y" <3, #"%; 2" 2<#<26".5"5.+$45% (VB 0S-M: % (" %
Y",:1<3. #"%A&DEY%;2":.. 2<#<26".%0,645%%53.5 RS-]. % C?7'8" %
aHB<0<%; L +<KI'KE:"5<%RS-%0,-3b 386 RS- %4 (P'7%

aHg%8<0<%0,004%..53.5%&'D%N",:<3..#"%<#<26".0,645<%5..:"5<

L+<KO"K"%6;L+<3.:05<+ 3% CB>87%
Y",1<3. 4'%;4-4+96X, 55" HBGH 3<U6K L-<#<:"5<%,5. 016+ % D% (D %
FL+<KO'K"%.5<#$."5<+06N",:<3. #'6.0612. W+ BIEKD%6. 3.5 3].% CB>8" %
aH4##.;2,6#,,5%A,<2", $"%0<50: #<E% I R& (&, 3% & %
FL+<KO"K"%.5<#$."5<+06N" :<3. #'6.%12. - BASUT. 536 J. % | (78B78" %

W'11&&.1)%)I0E*21%)1+1),8+(&1).1()*++,0E*219)5+!*-+ 14'-8&113A;),)NIGH)&8)!
(++-8.+1*1 4++5& &! ()*"8&0+.1\pipN ZQ[6IT*+*&1*&0++()*&! +,8()%). +,8()*).!

4 -N&H*&! "ZT776+! <)1*&1!"OT! *2:4%1%, &1 N), 188, &! HSF! (&./',1 .&&*-&*N [+] DOl ¥2;+*!
* &1888&1).0E*21*1\O#! (&./'1&&*-&* 6! 7! .&&*-&! N),1&&,&! 4:.)(&1).!)-+.82N! "#9Z!
5-+((&! GH - 1/+! 7! .8&&*-&! 8&&1.&0E*21)! 4:.)(8ABRN! "ODZ! 5-+((& GH X! 1))5+!
++1%+11)-+.82N!I N), 188,81 4:.)(&1).| F'D! *2;+*1 % &1 GH+! 88&1.8&! 4:.)(&1).! 7X9F!
(&.I'\&*! * & GH X! +1),8+8)1! M'11&&.0E*21*)! *+-N&(&1)! FZ[! | N&'()*++,8&!
4'%) *1&++.&5+ HZS$! (JVK(#MN )01 0'002;'&8! 9DH *2;+* * & GH -6 @+! 0+12!
E:&10',,+)"17DI(,[|[C+. lpip!)*"8&0+1+.21).\  @",&1!726i+:0)8!"1+0)1)8!
()*++,0E%21*)1;)&*5++18&8) 14-+0*&.&1) . *1422823+86\i+N)."®
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Tabel 26 Transpordisdssiilsete kYtuste asendamisel biometaaniga Sra I@@ukulu aastas.

++86'Q "#$% *8+9'0 ,
Y":<3..#"%0,6458%:"$.960.543.3.05<%32.#5;,2$"5%0,004%A>'DE +#%M:)]. % )= %
+"36R

1.53.5%3.2N"34$%$""5<+0U345<%0,64%986A&'((P.PE +#%+Vo 2C)%
1.53.5%3.2N"34$%N<#5""#"%0,645%A& ((P.PE +HY%+Yo )=>%
1.53.5%K<$<+.3<%X,55""+0U3453<%3.2NI4"#<%0,004 +H%+Yo (8&( %
Y<#5""#"%,5.0..+%0,643.2N":965<53 D% Y=D%
["'5<+0U345<%,5.0..+%0,643.2N'%5<53 D% 272D%
$"'5<+0U345<%,;L+<:"5<+%L-04%<2.+$4K.%aH&%0,845%+"32"]  06aH&]% &P
N<#5""#"%;L+<:"5<+%L-04%<2.+$4K.%aH&%0,6#6%+"32'%0,-d  06aH&]% &P)@
aH&%3<0<%$""5 <+ B35 L5<+%..53% B). % (8C>)8="%
aH&%3<0<%N<#5""#"%0.543.:"5%4%..53.5 B]. % >&=8C%
Y",:1<3. #%.5<#$.N%:;2,;,235" #..+5<+3%N<#5""#"%3.2N""B3%..5]  +#%+¥ = %
Y",:<3..#%.5<#$.N%;2,;,235" #..+5<+3%3$"'5<+0U345<%3.2N%53  :+#%+Vb &" %
aH&%3<0<%NK5 5<#$.."5<+06N" :<3..#"6.%..58.5% 3% &=787Q%
aH&%3<0<%$""5<+0U345<%.5<#$.."5<+%N",:<3. #'6.%..53.5 3% 7)(8'(C %
aH&%3<0<%K<$<+.3<%X,55""+0U3453<%.5<#$.:"5<+%N" :<3. # 3].% CC?87%
0,004%

X,55""+5<3<%:,,3,2"0U3453<%.5<#%$.:"5<+%N",: B0 N60HIS% D% BCD6
:<3,,$"0.%.+45<+%K1-<:9%0.5K4-,, #<6. B<%

n2.-,"34$%0.5K4-, #<6..5"$<%0,645%X,55""+5<3<%:,,3,2"0U3453 3].% C7)8&B%
5<#$."5<+%N",:<3..#"6.9%%

aH&Y-"##.,2,6#, 5%A;<2", $"%0<50:"#<E% NH& (& \[3% & %
h,55""+5<3<%0U3453<%.5<#$.:"5<+%N", KB 53%$%aH&%04+4 % % (78'278CB%
.53.5%

T>husa koostootmise edendamine

?2,+! N&'5++1&1* *"8)*+01)! ).)0*-&*! 0"1**(&1/++(+1X! 1&&1! N&'5++1&!

)8),8+(&,)! +&*+N!1 0++1+!*:;21+1 0"1*"*(&1)!)8),8+(&1).)!)).821).X! )*! 1"/21!

3:)*+01)! 0+12*211)6! T*6! .+;),821! 00';+4)+.1).)!

K4+ 1¥234 ) 1+(&1).)6 !

%&'()*++,!+1),8+N!"ZI[190 I(.,! K( #1X1167%40 000 MWh primaarenergiSEK-is!

kasuteguricbn 38 Nel 42 Nth soojahinnaks on v>etud0 /MW h (Tabel 27.

Tabel 27.20% biometaanist toodetud sooja mYYgist saamata j&fnud

++86'Q "#$% *8+9'0 ,
Y",:<3..#"%0,6458%:"$.%60.543.3.05<%* I T%<+<032"%/.%5,,/45<

0,,53,,3:"5<05 % +#%M?]. % CP%

Y' <3 #1062 2<#<26".5"5. +$45% (Vs 0S-]M: % ¢ %
Y",:<3. #"%A&'DEY%;2":.. 2<#<26".%0,645%%463.5 RS-]. % c?'8" %
*JT%5,,/.%:A4#%$.:"5<%0.5484D% D% =&D%
&'DY%N",:<3..#i53%A#$.34$%<+<032"%0,645%.. 5D+ T RS-]. % )(B8&" %
*JT%5, /.-"#$%A0<50:"#E \IRS- % =%
B",:<3..#"53%3,,$<34$%5,,/.%:UU6"53%5..:.3.%/11#4%/34+4 \l. % (&8C?>8"%
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Haja-energeetika arendamineDElektrivsrgu  kadude vShendamine

! %&'5++1! ", *)(21.&02.%! '0++.,)! \3:--).8)1! O+! 42&825+"! [+!)8),8+N!
+/+),)-5))*&0+! +-),52*1\1;6! 3:-520+828)! 3A :),8+(&,)" 6! %&'5++1&1%-+*))5&+! /+!
*5)320+3+! ,A)3+8! )**)l N&B5++1&(+8) | '4*&())-&(&1)1 *X! (&1! .A;*23+8!
(%) +120, +4! /4! *+-N&(&1)! '.)(+1.21*6 Vorgukadude reaalne
vihenemise +-32*+(&1)01!)).8+*+01)X!)&l002!0+12*+*+01)I T<B&1!90!(.,!K( #X!
(&.)17Z[13 :-520+828)!3A;),)(&1*I0A1&*.)()!I0A)1".)3+114)+*E0&1B\i+N).I"F "6

Tabel 28 20% biometaanist toodetud elektri vsrgukadudest 10% vShenemisest saadud tulu

++86'Q "#$% *8+9'0
Y",:<3..#"%0,6458%:"$.%0.543.3.05<%*J T%<+<032"%/.%5,,/45<%
0,,53,,3:"5<05 % +#9%M?]. % CP%
Y" <3, #"%: 2" 2<#<26".5"5.+$45% (VB 0S-]M: % ( %
Y",:1<3. #"%A&DEY%;2":.. 2<#<26".%0,645%%53.5 RS-]. % Cc?'8" %
*JT%<+<032"%:44#%.:"5<%0.548<642 D% )>D%
%®'DY%N",:<3. #"'53%:44#$.34$%<+<032"%0,645% CEH5%*IT RS % &>>8>"%
KL2640.$4$<%K1-<#<:"5<06,5 % D% (D %
KL2640.$4$<%K 1-<#<:"#<%..58.5 RS-]. %

8&>8>>%
J+<032"%Nf25"-"#$%A0<%0: "#<E \IRS- % =" %
&'D%N",:<3. #"53%3,,$<34$%<+<032"%KL 26 40.$4$<53%('D%K1- . "o
5..$4$%34% - % (8(778&"%

Energeetiline s>ltumatus ja julgolek

%&'()*++,&142;2.1" 1)B)(&1*! 10"+4)+.1)!1-)1  12-1&5+X!(&1!)&! 1:.¥21 P),)(++!
&(4-8&1%  3:&!  &(+1*&02'.28)1*6!  %&'()*+#  +1),8+N!  4:)30&3&!
).)0*-&*C4:.)30838:.8&C428*2X! (&1!",10+10";+.&0!*"-+&,) 6! RER()*++,&! 0+ 12*+8+!
*+ 14'-8&1X!1&&11+1),8+N!1))! 72&[4'-*&8!

Tabel 29. BM aséendab 76 min Nifa, maagaasi hind 0.33 !/Nin

++86'Q "4#$% *8+9'0
Y, <30 #'U<OK'K . +<#$039458%:"$.960.543.3.05<%5,,/45<%

3,,3:"5<05% +#%M?]. % CP%
Y!:<3..#%.5<#$.N%:..6..5"%5.:.5%0,645%5 +#%M?]. % C%
:..6..5"%-"#$ % \IM: % 'P)) %
5,20+;62?,0=,98;,G9 "R2,922C220%,#%$;6,4-AA [RE9 [R2, JKALAKA44

Tabel 30. FZ[!% 1+1),8+NIM'11&&.1)*)I0E*21%)10+12*+ (&1}, 14'-8&11(., HZSIK(  #C+XIN),1&&,&!
:&,81&.(+1(+0128)*+176$!|C )

++86'Q "#$% *8+9'0 ,
Y",:<3..#"%0,6458%:"$.960.543.3.05<%32.#5;,2$"5%0, 006 %A :+#%M.)]. % =%
h,55""+5<3<%0U3453<%.5<#$.."#<%N",.%3..#"6. +HHYO4 )= %
X,55""+5<3<%0U3453<%-"#$%"+%86.035""5"3. \]+% 'P="%
L4S,:5,20+;62?,_&00$$80+**Mht,%20*29$0+,*>2;0<&>6HM,

AN, GIR2K,2+;0$$;$,#$;6,$892,92960'6+*2,4-N,[R8 [R2, 3.3K=44K444
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518! +1),8+(&,)! 1 H(&1)1! [+ M'11&&.1)%)! 3)8).0E*21%)! +1),8+(&,)!
0'+.&02! *++1*23+] N&'()*++,&5+! (228+NBA. & HRN+,821) I N&.+,11&1 &*&&31)01!
3+1%43+ .4 "DI(, 1 [CH/+ 7™ (1 |C+Ni+N).&8!  201/+HZ761K),8)! 12((+8)! 3:--+!
JAAN-+;+1 -& 5.)(+! <)1*&11)X! 1).()*! &(4'-88&*28! 0+2N+!))1* *+12(&1).! .&&028+!
-&&5&1*! 3AL86.&0! :E3)! ", 18&,! *&,5.&0X! 1+(+11)&! *.)! (228! ("8&! 3:&(+.&0!

&, +*+] ))-5&+4".&&*&.&1)! [2.5).)02X! '1+.&1)! 3+-21*210&,8.21)! *+5+(&1)! /+!
2)5&! ++.+-), 5214'1&*&&31)*(:/28

Stabiilne tootmisgraafik (reguleeritav tootmisvsimsus)

%&'5++1&! *"*(&,) *+5+N! 1*+N&&.1)!),)-58&+3+-2IX2(&11)&! 1:.*21 &.(+1*C*22.)1*X!
),+( &ONO"1*"*(&1~  [++(2! *aa*+N!)).0:&5)! *++1*23).)0*-&! (2,8+(&1)01LE.)!
FZZZ! *2,, & ++1*+1X! 1))! '1.2.& ) )-&,)321! 3:--).8)1! *22.) ),)-5&+5+X! *B!
N+.+,1))-8&(&102.28! ',!  3A&01)(+86! %&'()*++& 3:&N! ,al ' 1+.3)1*+8+!
(++5++1&*-21*8&021X! 02&! *+-N&(&1*! )& ") /+! *4AN&AE-);)(&1).1 1++N!
N&'()*++,&!10+12%+8+15++1&*2-N&&,&8)5+!).)0*-&!(22,8+(&1)016!

...iIse kasutamatauuleenergia salvestaise potentsiaal metaanina

! bAN&!:ES- EE1&1/+ T+N+*&)-&13+.)(&! 1++N!a&1*1*22.)).)0*-&*X102&!*+-N&(&1*)&!
XD 1+.3)1%48+! ()*++,&,+! \(++5 ++1&*-21*&021X! 13:Q'(4-)())-&*2,+!

N+.." &8)11)N /+10+12%+8+13+/+821).1).)0%-&!*"*(&1)01X102&!" I *+-N&(&,) ! /+14".)!
*22.%6!IN&-&(++.1',13:)*28!+-32*21)1+.21)01XH*laal).!F!1*2,8&!).)0*-&!*"*(&,)!3:&01!
' +1122-1028&! 4A)3+. X! +5+1 02+ ++-N&(&L*)&! 1) XIFRR.RI028! 1)&1(+! 4+,8286!
N&-&(++. +-32%+*&1 3A/+X! aRl)! *22.)).)0%-&! \0'.(+,8802! aadA)3+1)1*\
0+12*+(&1).! DZ[! 0+12*)52-&5+! ;E8-"EE1&.! 3)1&,&02! *)5)(&1)01! /+! 1)..)1*!
T+N+*&)-&!0+*+ EE1&.!1++N!0'002!$6"[\F6"1> @M N&-& (++H ¥+ 1) @&O0E*21*)!
*+-N&(&1)16!

Murphy et al (2013)IQ’t0mge of night time produced electricity. Most if not all renewable
electricity tends to have some limitation "associated with it. Electricity from wind is intermittent.
Reliable forecasts are essential‘to manage the electricity grid and to keep the power flowing. But wind
also blows when the demand. for=electricity is low, such as at night time. There are a number of
methods available to store_this including: compressed air,; flywheels; batteries. In Ireland a concept
termed “Spirit of Ireland” has been proposed which is suggested may make Ireland energy
independent [13]. In essence this involves a number of large scale pumped hydroelectricity schemes
whereby wind turbines are installed in close proximity to a large coastal valley. The valley is dammed;

by night the electricity associated with the wind turbines is used to pump sea water into the dammed
valley. At peak demand time the water is released from the dam creating electricity. This may be
visually intrusive and of significant environmental impact depending on the situation and suitability of
the valleys. For Ireland to be energy independent the scale must be significant and the authors would
suggest must have a significant impact.

Hydrogen - Hydrogen may be produced from electrolysis. However losses of approximately 50% have
been suggested by Page and Krumdieck [14]. A viewpoint may be that inefficiency with a resource that
will be otherwise lost is not that inefficient. In essence electrolysis and hydrogen production are in
competition with pumped storage, compressed air and flywheels for the night time electricity not stored

in electrical vehicles (Evs). A limitation with hydrogen exists in that large scale hydrogen
infrastructure (including for production, distribution, service stations and cars) cannot be said to be in
place at a country level as of yet. This infrastructure is very expensive; hydrogen pipelines are more
expensive than natural gas pipelines due to the low molecular weight of hydrogen as compared to
methane and service stations are more expensive due to the need to compress the gaseous fuel
(typically to 700 bar)

The Sabatier Equation - Many countries have advanced natural gas (or methane) grids. In Ireland the

gas grid is connected to 48% of houses [2]. There is merit in generating hydrogen from wind produced
electricity and transforming it to methane.
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4H; + CO, =CH4 + 2H,0
AH29s = "165 kJimol Sabatier Equation

The Sabatier Equation [15] is an exothermic reaction (gives off energy) which describes the
conversion of hydrogen (ca. 12 MJ/mn 3 ) to methane (37 MJ/mn 3 ). In essence the volumetric density
of the gas is increased three fold. The overall efficiency of the conversion of electricity to methane is
60% [16]. This may be broken down into a 75% conversion of electricity to hydrogen [17] and an 80%
conversion of hydrogen to methane. There is also potential to sequester carbon dioxide from a fossil
fuel powered facility (or an anaerobic digestion facility or a Gasifier). ...... This is a very simplified
analysis. Interrogation of the dispatch of electricity producing power plants and matching supply and
demand of electricity for an island system such as Ireland is very complex and beyond the brief of this
paper. It is assumed that one third of renewable electricity is produced when the demand is not there,
this for simplicity is equated to night time produced electricity. It is also assumed that 10% of the
transport market is EVs which can consume 18% of this night time produced electricity [1], especially
as they would tend to be plugged in by night. The simplified analysis suggests that the Sabatier system
has a resource of 8 PJ or 4.2% of energy supplyti@ansport This is considerably greater than the
resource of EVs.”

Tabel 31. Tuuleenergia salvestisel metaanina, selle mYYgist saamata jSSnud tulu

++86'Q "#$% ¥8+9'0
9, $<34$%344+<<+<032"%0,64%86..53.5 @S] % ==%
0"5<%0.543.:.3.%344+<+<032"%,5.0. +%A>RB4#$"%E&=53 D% )D %
0"5<%0.543.:.3.%344+<+<032"%0,64%..53.5 @S] % 0=P=%
944+<<+<032"53%K <56 089480.543<642 D% C7D0%
T.543..3.%344+<<+<032"53%<+<032, +UU5"+%3,,$<34$%  @S-]. % (( %
<#<26".-44%

W<5"#"0453%:<3. #'%0,#K<23<<2":"5<%0.543<642%".N.3 D% 2D %
0.3.+UU%%+

T.543.:.3.%344+<<+<032"%K<5"#"'0453%:44#$.34$3%344+] @S-]. % 2 %
+<K%<#<TB'645%

(%M:)%N",:<3. #'5%, +<K%<#<26".%0,645 0SIM:) % (%
944+<53%:44#%$.34$%:<3. #"%0,645%453.5 +HH%M:)]. % 2%
Y <3 # % H \IM2) % (P" %
7"8+9+*22:$,9""C$0*,02292*2,1EE;'6,*'8), 98;,[R2, =

|
P:**)11 1+(+8!)).821)8! <)1*&! /+'011+52! ".&8! n&-&(++.X! 1&&1! 6BA(22,8+*&!
*22.)1*1).)0*-&*10'002! $$F!wp;CX! (&..)1*1#Z[N\a&,) X! 0+12*+(+*+!).)0*)-X! (&..) 1*!
*8)*28L()*++,1.&1+,82NIN&'()*++,&!  0'521) )M 7#$6$! wp;C+X! (&..)1*19D[!
0+12*)52-&5+! 1++N! ).)0*-.EE1&.! 3)1&,&002! /+! 1)..)1*! '(+0'-8+! T+N+*&)-&!
0+*+.EE1&.! OZ[! 0+12*)52-&5+! ()*++,&6! K&&("8&! 1++828! IQ258+!
1+.3)1*¥+*2, +)*++,&1!"1OZ!wp;C+X!*)+8) LXN)*I 7IK(#IN&'()*++,&1!",!7Z!0p;!). X!

', 10)10(&1)! N&'()*++,&! ;&,,+!/22-)1I\7 1|CK( #saamatu jainud kogutulu
tuulemetaanist on teoreetiliselt 6 mln € aastas6 ?2,+! *A,+! 1)..)! a&1)!
0+12%+(+*+1*22.)).)0*-&! 1+.3)1*+(&1)! 02.28! ()*++,&,+!)&! ") *)+8+X! 1&&1! *))(+!
3AA-&N!)8+1&1*! 22-&(&1*X! +5+! N&'()*++,&! +3+.&0)! ;E3)8),+! 0A)1'.)3+1! *aal!l )&!
O+/+1*+*AB#N). #7106
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Regionaalareng/maamajandus

Toetust saavast omavalitsusest isemajandavaks skoregiooniks

N,&()1)81)&!*2.) (++ X A-+X102&! 1)+.1'1;)+1).+8+M3A:) %)) A'.&,)I', X1)*102&!",!
%1231 [+1:23&*+31 *aal [+ -+/+*281 0'82! [+] *&(2N! (22! 1'*18&++ 3:-521*&0X! 1&&1!
A++-&4AA)3+1). A5+ )3&*+(&1)H&12I4A-+1* 0))5&! +:02(+! )&! :+00+6! >&5)(!
+:02*+01)1*aa422821)1*:*+26

B&A+, +NI*+1+ 821M',8&!0+282! ?HP&S).)! +N&X!*)52D)..)! 1&11)*2.)028! /AA3+8!
+..+10'002.)4&*28148&-&6!i+1+0++.21++*281-)5&" ++.+-), EAG(21!", X102&8+11&5+.!
4" 1< YI*&LIF+5+8+X1)*I' )O1L)+!". . +XI!

06&'5++1&! 1&1),88)!1 *"*(&,)X! N&'B++18&! *"*(&,)X! 42;+1%+(&,)! [+ *+-N&(&,)! ."N!
(++488&-0',8+8)11)! *aa0';*&6! <).8+()X! )* &5+ (&./'&! ,-(+¥+.0224())*-&!
N&'()*++,&! **(&1).] [+ *+-N&(&1).! .22+01)! *A&),8+3+.41 " | &1+*aa0';*+6!
00&'()*++,&! ++1%+1)10+12%+%+3+10'521)1 /22-FZ1(.,IK( #*))NI1))!0'002! 9!
*aa0';*+ 1\0:&0!0'00276! <).8+()X! )*$=H |1 (+012*2.21 '1$7[ 1A+ 5+M' 8&I=7"!
0228h! $&=Fo$9@M))! 0+12! E:&10',,+.)! ',| ,A&8+*28! *aa;:&3)! 122-),)(&1)!
4)+*E0&IX! 18&,05+.! +&2* &.21*+*&&3,)XV A&*+(+OBSRHP(+012+2.2!
4'%) *1&++ &XIORB'5++1&1%"*(&1)!",1,),8)1%)--&*"-&2(&:6 !

T).) 12((+! 3 :=-+1)&! 4)+! (+01)! E(N)-! [+*4(+X! 3+&8! 1)8+! 1++N! 0+12%+8+!
0';+4)+.X11)..)3:--+*)0&NB:&(+.211-+;+0E1&SFI?HAR 1M ++8+1-+;+1)), &3 1?HPX!
1))5+! '(+3+.8*121)8! 3:801&8! .. +! ;23&*+*28! N&'5++1&! *"*(&1)! —+/+(&1)1* '(+!
*)--&*"-&2(&.)!/+11)8+14-%1)11&!&5+*Q)*+8+Bi+N).1#" "6

Tabel 32. Maksutulu 380 min Nm3 biometaani-tootmise puhul aastas.

++86'Q "#$% *8+9'0 ,
3ff0,-3](%: +#%M’ %)

Off0,-3"%(%: +#%NIK",:<3. #'%3,,3:"5<0%% YR% &%

Y",:<3. #'%%:.05":.. +#<%3,,$<3.:K%0,645%. %3.5 +#%M?]. % )>' %

Y",:<3..#"%,35<5<$%/ABB<$%3ff0,-.$% 3ff0,-3.$<%.2K6 C?'%

. 0% H0=(D%(O 0 - 0 M40, .

i].85?;4034+4/o,;t¢/o (DY%(%3ff3./.%0,-3.8%0<50:"#<%N243,;.+ \|0445% —B)%

R.05434+4%N",:<3..#"%3,,3:"5<53%..53.5%(%3ff3.2860,-3, \l. % 78B(Bb

52%0*'8"/AL4,98;,G9A,?$89+*22;$,*&&*9$0+,<'#8,220*20 [R2, NKNMLKN(

SoojahinnavShendamine

! >+./28)1! (++R12.+*)11"1 1"/+;&,8! 3A5+! 0:-5)! /+! N&'5++1&! [++(+! +N&.!
1++011 1)8+! 3A;),8+8+@H(2*&! 4+-+,8+NI1))! ).20)100',8+! /+! +&*+N! ;'&8+C*22+!
S-&C)*¥)3:*.21* (++.)6!  T"/+;&,,+! 3A;),8+(&,)! 1:.*2N! 1"/+ R[]
*4-N&/+¥)13+;).&1) L&, 521+XI+5+13:&NI/21%): +1¥)%21)1 1 ++(&)) *&, 5&(21) 01X 1)*!
:&,814)+NI3A) )(+ 13:--).8)11')(+1'.)3+I0E*21)5+6 !

<).8+0X! ) N&(*++& 0+12*+(&,)! 3A:),8+N! 1"+:&,8+ .:44*+-N&/+.)!
0)10(&1)#1"ZICp  ; Bi+N).1## 16
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Tabel 33. 20% biometaanist toodetud sooja mYYgist soojahinna alanemine aastas l>pptarbijale

++86'Q "#$% *8+9'0 |,
Y",:<3. #"%0,6458%:"$.9%60.543.3.05<%*I T%<+<032"%/.%5, ,/4

0,,53,,3:"5<05 % +#%M?]. % C®%
Y',i<3. %2 2<# <26".5"5.+$45% (Yo 0S-]M: % ¢ %
Y",:<3. #"%A&'DEY;2":.. 2<#<26".%0,645%9453.5 RS-]. % Cc?'8" %
*JT%5, ,/.%:44#$.:"5<%0.543<642 D% =&D%
®'DYN",:<3. #53%":44#$.34$%5,,/45<%0,645%. . 538*IT RS-]. % )(B8&" %
x| |.-"H# Yo+ HE<:"H<Y0<50:"5<+3%+L;:3. 286/ +< \IRS- % & %
&'D%N",:<3..#"53%3,,$<34$%5,,/.%:UU6"53%5, /.- "##.%.+.#<:

..53.5%+L;;3.2N"/. %% \l. % 28)>=8" %

TSsShrive maal

06&'5++18&!*"%(&, ) 4&*+N!.22+C;'&8+!*A&),8+3+&8!*aa0R&&.! ¥ 1)l /+-+(+1102&!10+!
&1+*aa;:&3)!4:.2(+/+,821)1! -).&1)! N&'(+11&0),)-5&+02.%22-&8)! 0+13+*+(&1)!

A BH*1),)*aa0'*+8)!."(&,)!

N&'5++1&+(+11',! 12:%).&1)13A&0)!RHE,&()1*X!

+5+10+28,)! (/2! 4:..2(+/+,821)11 122-)(6! T+(2*&! 3:&N! 3A&*+X!)*1).20)100",,+!
At-+,8+(&,)1 \BA&OL) (! :+&1X! '8+3+(1 1"/21M 1"821+N! 0+281).*! )**)3:%.21*! [+ |

*+54+NH+).21/A*02122%. &0021)6+N). 1#$ 6

Tabel 34. Maksutulu 380 min Nribiometaani tootmise puhul aastas.

eeldus Yhik tulemus
t&8koht/1 min Nnf
T&8kohti 1 min Nn? biometaani tootmiseks BM 2
Biometaani maksimaalne toodetav kogus.aastas min Nm’/a 380
Biometaani otsesed ja kaudsed tSSkohad tSSkohtade arv 760
maksutulu on 41% 1 tSStaja kohta, keskmine brutopalk 900 I/kuus 493
Maksutulu biometaani tootmisest aastas 1 tSStaja kohta l/a 5,919
Maksutulu 380 min Nm? biemetaani tootmise puhul aastas l/a 4,498,476

Kohalik biokYtus

P+-21*210&,8.21X! N&'5++1! 1'N&N! 0'+.&02! *-+,14'-8&! /[+'01X! 3:&(+.8+N! *);+!

),)-5&+E:&1*288%&'5++1&! ),)-5))*&.&,)! A-+0+12*+(&1)! 0+12%)52-1 1 |1 122-)(!
("*-&OE*21),+X! 02,+! 1:8820&("-&1! 0+12*+*+01)! 0'52),)-58+6! T* | N&'5++18&!

+)dY  A¥02122*.&0f!

Maastikukaitse

%&'5++1&! 1&1),8&*)! *"*(&,)! 3A;),8+N! 0+12*+(+*+! (++8)! 3:1+1*2(&1*! /+! *+5+N!
+3+*%28! (++1*&0)! 1A&.&(RAN/A*02122*.8&02! E;&10',,+! ))1(A-0! 3:&01! '..4
0+12*%+(+*+1/+13:1+1*23+*)!(++8)14&,8.+1'&8(&,) 13:&(+.&02.*I3A&D,+ 6

Ettew>tlu se elavhemine

00&'()F++,&1 **(&1)! +-),8+(&,)! 122-),8+N! ))1*&! )*¥)3:4)*) 3
3+/+.&00)! 1)+8()&8! &1)! *"*+6PoY*", &):&*&1%)! [+| ()*+0',1*-20*1&" &8)!

*1(&1)10'+4)+.,)10'5)(21!
*A + <)1*&161)IN&'5++&F)5)(&,)!
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(+1+,821))! :"52  1/4+ (228+N! 3A.&10+2N+,821)! N&.+,11&! 4'18&*&&31)(F)LE!
'(+0-8+1+ | +NI3 :&(+.21) I¥);, . "5&+*)8+14&8&!)014'-*&8+6

Biometaani tootmise keskkonna ja tervise m>jud Rootsis

Through anaerobic treatment of animal excrement a renewable source of energy is generated.,
which has an important dual climatic effect: The use of renewable energy reduces the CO»-
emissions through a reduction of the demand for fossil fuel (1 m’ biogas substitutes 0.5 kg oil
for energy purposes reducing 2.6 kg CO2-emissions. see also table 4). At the same time the
process can diminish uncontrolled methane generation by capturing methane [15].

H&&*@$onsamuti arvutatud biometaani tootmise avalikud hYvet

Combined cost saving for CBG & LBG subject to health and green house gases is € 0,4-0,7/ Nm3.
Total cost saving for Sweden over the last 18 years is estimated to 168 — 293 M€ and with 30%
increase gives a projection to 2020 to increase to 1 400 — 2 400 M€

Total investment grants etc is estimated to 120 M€. Summary: The state got their money back! +

Have a solid investment for the future which continuously creates cost savings.,” ,

2281 37%+()] 1+(+81)).821)8 | B"¥1&5+! N&'()*++,&1%):3&1)! /+1 0)100',,+;E3)8)!
+-32%+(&1).X! 1++()! E;&0',8.&0D1! 0+1201! || ZBDDCK(#~H#FZ! (.,! ~"Z! ++1*+*h$
(&./+-8&*!)2-"*6|(Tabel 35).

Tabel 35. Biometaani avalikud hYved 20.a jook&dotsis keskmise vSliskulu pubul

++86'Q "#$% *8+9'0
Y",:<3..#'%0,645%0,00%% +H#%M?]. % )>>' %
Q,,35"%-"##.#6%N",:<3..#"%0<500,##.%/.%5,35"..4

-UK<$<+<%AK .-<:"045%BEB%\|M’ E keskmiselt \IM: % ‘P77
Y",:<3..#"%3<2K"5<%/.%0<500,##.%34+4$%(%..53

keskmiselt +#9%\].% &'B%
12K<5345;<2",,%06 . % 20

: $&9+722:$,028%%'6, #(+6,.42,1&8%0'8 98;[, 4018
H&&*0$0,%'8";'6,$:(+0*F+>$;C*+ *&+*'0+6, 98;,[ . 120

"IL..&0+1]+,1 ?A**1-*a(1)**)0+,,)!5." N+.IN&'5+dbngess 201 Z6$ZX9!|CK(#
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Biometaani tootmisega kaasnevad avalikud moodetavad hiived
?2A)1'.)3+1! -+0),82122-& 521! &8),*&M&*1))-&*28! /+! 08&-/).8H*R&'()*++,&!
0+3+,8+*28! (+:21! #FZ! (.1 K( #*'*(&1)5+! 0++1,)3+8! +3+.&028! ;E3)8!", !
3:&(+.21).] 03+,*&M&*1))-&F2B*1&+4+/+,821.&0)! (:/28)! :&,,+,521 ! /+ ']
0'002!"97 I(.,/|C+!,&,5",1*"828!  *+N).&#06

Tabel 36. Biometaani tootmise avalikud hYved aastas min !.

@2N+1*"828138.211B" *1&5+4+N).&8IH#V/+ IR 11 +(+11122-21/A-521X102&13:%++1
%181 (F018&(++.,)! %)-3&1) 1/+1 0)100",,+(:/2! (AA-  1/+] 0'=-2%+8+! 1)) ++1*+%)]
+-325+X! A&*)01!".)*21.8&02I N&'5++1&/++(+!**(&1)1 4)-&"8&5+X! 1 RF+(+1!
122-21/A-521X! 02&! <)1*&1! 3+/+(&,)3! *1B22&! 3:+*+1 B"*1&! (&,&(++.,)! +3+.&0!
'E3)10224())*-&10*+1\Z6$! [CK(  #XI11&&1!",1++1*+)10+12! E;&10',,+.)! 7D"I(.,!
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| X! (&1 '} 3:--).8+3+1! 122-21/A-521! ))1*&! +-32*21*)6&.(+! 4'1&*&&31)!
0+2N+,821N&.+,1&!(:/2*+\7"FI(.,!||C+" 6

Tabel 37. Biometaani avalikud hYved 20.a jook&dotsis minimakse vSliskulu puhul

++86'Q "#$% ¥8+9'0
Y",:<3. #"%0,645%0,004% +H%M:)]. % > %
Q,,35"%-"##.#6%N",:<3. #'%0<500,##.%/.%5,35"..+5<3]  \|MR) % 'P="%
UK<$<+<96:"#" .. +5<+3%'8=0%WM:)

Y, <3, #"%3<2K"5<%]/.%0<500, ##.9%34+4%%6(%..53.5 +#9%\]. % (78%
12K<5345;<2", $b6 % &%
Y",:<3.#'%.K +"04$%-UK<$%:.05":.. +5<+3%Q, 35'5%&|  :+#%W% )8'=" %
/,,0544%

H&&*0$0,%'8";'6,$;(+0*++>$;C"*+,*&+*0+6, 98; [, 3.4,

2&825&! 4)+N! B"*1&! +,8()*)! 0+12*+(&1)5+! /+! 3:-8.21%)! *"(&1)5+! 4&8+(+!
0).)a!l H1x&! /+! -"*1&! E;&10',8+8)! )-&,)321&X! 02&8!. ()*'8&.&1).*! [+!
122-21/A-028)5+! +,,+N! 1))! )1&+.51)! *2,,)*21)X! )*! ))1*&!'+-32*21)8! ',! *);*28!
:&5)11122,+16!

Tabel 38. Biometaani avalikud hYved 20.a jookRdotsis maksimaalse vSliskulu puhul

++86'Q "#$% *8+9'0 ,
Y",:<3..#"%0,645%0,004% +#%M:)]. % )>' %
Q,,35'%-"##.#6%N",:<3..#"%0<500,##.%/.%5,35"..+
-UK<$<+92860$9228098E€%\|M:)% \IMR) % 'PC'%
Y",:<3..#"%3<2K"5<%/.%0<500,##.%34+45ROtsiS]  +#%\].% &?%
12K<5345;<2",,%06 . % &%
Y",:<3..#"%.K.+"04$%-UKwxdksimaalsel®;,35"520P .Y

/,,0544% +#%% 78)&'%
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:$&9+*22;$,2(28%%+,#"(+6+,%8&%%' ()*+

Péhijéreldus: Biometaani avalike hYvede rakendusuuringu p>hijSreldus on,
et biometaani tootmist tasub toetada, kuna Yhiskond saab biometaani
tootmisest kaudselt kasu 271 miIn !/a ja investeeringutoetuse vajadus 500-
600 min ! kaetakse 3 aastaga.

Investeeringutoetuse vajadus on kuni 50% CAPEX ja selle saab
Yhiskond tagasi4 aastaga ja kogukasum 20 aastase perioodi puhul on 5.4
miljardit eurot.

P>hijSrelduse kontrollimiseks tuleb jSrgmiste uuringutega selgitada
biometaani tootmise investeeringu-, pYsk ja muutuvkulud eesti tingimustes,
mille tulemusena v>ib biometaani omahind ja sellest tulenev investeeringu
toetuse vajadus ja suurus muutuda. Investeeringu toetuse vajadus tuleneb
biometaani omahinnast ja maagaasi mYYgihnnast

Tabel 39. Biometaani tootmise kasu Yhiskonnale: 90% investeeringutoetus miinus 20.a avalikud
hYved.

++86'Q "#$% *8+9'0
:$&9+%22:%,%&C'0,%8&%%", 98;,G9AR2 AL4
Rootsi hinnang biometaani keskkonna ja sotsiaalsetele avalikele €/NM3 0.70
hiivedele, maksimaalselt 0.7€/Nm3, toodud vérdluseks

Biometaani tervise ja keskkonna tulud 1 aastas Rootsis min €/a 266
(maksimaalselt, toodud vérdluseks)
$&9+%22;%,*+>($0+,12,%+0%96&'$523,220*20,D+0*$0,Q*27?;+8,A0 98;,[R2, .0J,
28'0+8V

1:,23"5.35",,#"%.2K<5345;<8' % &' % &' %
T&C™*'8',D+0*$,"#30%&;;28+,.4-2,1&&%0'8,7$&9+*22;%,2(28%%+( 4, JKNM.
#'(+6+0%,

MK<53<<2"#643,<345<%K./.$45<%)>'%: +#%M:)%N",:<3..#"% +#%% (8(&' %
3,,3:"56<05J<53"5%C'D%alFd_E
$8&9+%22;$,*&&*9$0+;%20'9,"#$0%&;;28+b,04S,$;(+0*++>3$;,C*& 98;[ , NKAQ.
93$3;'0,. 4-2,2(28%%'6,#"(+6,

<1&+.51)%))1*2.)(21%).)!*")*28)113:&()!*);+!/A-).821)X)*! 0'52!<)1*&IN&'()*++,&!
**&W-D. Z[} &,3)1%))-&52*)*21)! \ 500600 (.,! [! 0'002"! *)),&N! E;&10',8!
4&.*.&02.*1a).8) 11*+5Khe++1*+5+++1*+)1*2 21E;& 10, ,+.)I',1 - "9 7!(.,!|C+"6!
?2&! 37+ N&'()*++,&! *"*(&1)! *);,"."5&+! 0)1*321)01!  "Z! ++1*+/+] .+;2*+8+!
1)..)1*1&,3)1%))-&,52*)*21 X! 1881D'520+12(' E;&10',,+.)!  $6F$(&./+-8&*!)2-*6!
iN*28)1! <2-"4+!1 0'5)(21).)! 3:&N!)).8+8+X!)*I 4+./28! 1)+8()8! 0)1*+3+8! +5+!
£2.&1).*1 0+2)(X!I 02&1'Z ! ++1*+*X! (&1*:**2! E;&10',8.&0! 0+12(! 3:&N! "..+! 3)).5&!
122-)(6 I>:;&/A-).821)!0',*-"..&(&1)01! tuleb jargmiste uuringutega selgitada!
biometaani tootmise investeeringu-, piisi- ja muutuvkulud eesti
tingimustes, mille tulemusena voib biometaani omahind ja sellest tulenev
investeeringu toetuse vajadus ja suurus muutuda.! n,3)1*))-&,52! *')*21)!
3+/+821! *2.),)N! N&'()*++,&! '(+;&,,+1*! [+! (++5++1&! (EE5&;&,,+1*6! K),8)1*!
0+;)1*! (22*2/+1*! 1:*2N! &,3)1%))-&,52! *)*21)! 122-216! @A-5(&1)8! 22-&,528!
4)+3+8!1).5&*+(+X (&0 *&!N&'()*++,&!"(+;&,8!" 1) 2-"4+!-&&0&8)!N&'()*++,&!
'(+;&,,+1*(:,)3:--+10:-5)(6 Ni+N).! 39"6
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B+*$%2*+0*,>&#+8%0+,7$&9200%$,0229%$0+,%2202+C0+6,
*+#;&8&&C$26,12,;+;6+,>2%+;629$0+,()$928'0+6,D+0*$0

Vetikatest biomassi tootmine tasub tSna meie klimaatilistes tingimustes Sra
selle toodangu kasutamiseks farmaatsias, meditsiinis, kosmeetikas ja inim-
ning loomatoidu tootmiseks. Energia tootmiseks saab kasutada vetikate
muude kasutuste jSSkprodukti, kaudselt ka biogaasi puhastamise CO2 saab
kasutada vetikate kasvatamiseks. Mujal maailmas toodetakse vetikaid energia
tootmiseks avatiikides (open pond), mis meie klimaatilistes tingimustes ei
tSSta. Sel juhul algab tootmine tootest ja selle turustamisest. Selles valguses
tasub ka Eestis teemaga tegeleda ja riskiinvestoritele need vsimalused vSlja
pakkuda.

H(+)**)!-+0),82122-&,52!))1(A-5&01!".&!0" 1*+8+!E.)3++8)1jP)*&0+*)1*1-).&1)!
N&'(+11&! 1++(&1)! 0++1+)51)8! *); '"5&+8! /+! ),8)! -+0),8+4(&1)! 3:&(+.21)8!
<)1*&1k6! K&()*+*28! E.)3++4)! )1(A-0! "&! | 1).5&*+8+! <2-"4+1! ')¢1")3!
“+8(&,)! 3)*&0+*)1* -).&1)! N&'(+11&! 1++(&1)! 3:&(+21)8! N&'),)-5&+X! 1;!
N&'()*++,&! 1*%(&1)1))L(A-5&.1 [+1)1&*+8+1)1&+.5,)°&, +,5! 3)*&0+*)1* N&'(+11&!
K1) 1 %) UB&HX)] -+0),8+(&1)! 0%+ <)1*&! *&5&(21%)16 | <)1*&!
*& 5&(21%)11)! 1'N&N! 0+132;")! *EE4& *-R.++* \0&,8&1)! *1E0.&5+M
(&0-'3)*80+*)! **(&1)! *);'"5&+X! (&..)! EV" A&Y),+! *()! <GJIIKL!

*): L "5&+] *2%321%21)X! (&8+! 0A)1'.)3+! 4)+*E0&! +2%-1 OE.+1*+1! O+! L21*-&+1!
(+&0221!"Z7#646

ECODUNA vetikatootmise fotosiinteesiva bioreaktori tehnoloogia

tutvustus

|

<GHIJKL! 1."828!"ZZFE6!++1*+.1I"+-*& I'";-1[+IW-+,c!<((&,5)-&!4" . *6!"Z7Z6+6!
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|

P)*&0+*)! 0+13+*+(&,)! '! B&MO&,&! 8)M&,&*1&".&! /A-5&! *aal*21)! 0'.(+,8+!
-)3.2*1&",&! )..238&(&1)! ,A&8)X! 1))! ! *¥);,."B&+X! (&1! '! a0'."5&.&1).*!
[A*02122*.&0X! (&**)1++1*+3X! N&'."5&.&1).*! .+52,)3X! ."821)5+! 0'0028!1/KK
%2, 8.&0\:-, M\5), * )76 !! |

|

W*+0*&&3,)1\4; *+\V/*&3)!3'. 2N 3:&(121!",1 7ZZ0ZZZ! .&&*-&*61 ?2+132;" )1 4&.,8!
ISTZ (X)L, +%20)! -0) (1 02&! ", %)5).&02.%1 3+/+X! 7ZZ0ZZZ! .&&*-&! [+'01!
4&&1+011 0+ #DZ! ("6! P)*&0+1)&,*)! 4&,8+.+1",19"DZ! ("X! (&1 *))N! 4:;/+8&, +! [+]
3)*&0+1)&,*)! 4&,8+.+! 12:%)01! 7969X! 122-%)1! *aal*21.+:),821%)1! ', 1))! 12;)!
*+3+.8&1).%1 7f"Z6low course! );0! 18&&1! .AN&3".2! 4&0021! ! 7ZZ! O(! /+! 3)*&0+8!
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0+13+3+8! 0'52! 1)..)! +/+! /"012.6! P)*&0+1! )&! 0&,,&*2! *-28)! 1)&,*).)X! 3+&8! !
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|
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P)*&0+%)10+13+%+(&1)! 1E1%))(&8!4)+3+8!*(&/A-5(&1)8!%&,5&(21)8f!

|
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&, &N&*&' KN
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*& 5&(21)86!!

'8*+&,)&81*2.)NI +,8+] 3:&(+:&02.* 1*+N&&.1).*X!)* 3A.*&8+!/A-10)! (22*21&! /+11)..)1*!
*2.),)3+&8!,'00)13)*&0+*).)8

i2.)N! 3:&(+.8+8+! I*+N&&.1)* GH"1 /22-8)+,8(&1*! /+! 1)..)! +N1'-N))-&(&1*X! 1+(+1!

*2 JNI3:&(+.8+8+1%)008&3+!:+4,80210&&-)*!)-+.82(&1*/+!1)..)10'00210'52(&1*6!
P)*&0+0+13+*211)&!*;&10'002!422*28+1 E(N-&*1)3+10) 100", +1/+1+*( 1MAA-&5+X!)*!
3A F&B+I14+ AR\ *+(&, +*&' 6! !

i)(4)-+*22:&! *2.)N! 0" *-'..&8+! 0'52! 4-*1)11&! /"012.X! 1E1*))(&! 4)+N! .)(+!
3:&(+.&0!;"18+8+!(&,&(++.1)1;A&-&,525+!/+13:&(+.&02.*1, al4-*1) 11&I0A&5R16
P)*&0+%)1*"*(&1)!:&,814)+N!")(+10',02-),*1&3:&().&,)6 !

|

ECODUNA tehnoloogia teevad efektiivseks ja konkurentsivoimeliseks
jargmised eelised:

|

)& ()!I3)*&0+)!;)+.21*/+1 () &))" 2.&,) X)) *13)*&0+%).1,),8)1).2)+!/"012.]

)OLL)+!"..+6 !

&N 0+12*+142(4+1&8X! 1))5+!1)&! 4:;/21*+! 1))! 3)*&0+*).) X! 1*-)11&X!)&! .:;2!,),8)!
-+00)!)5+!*)0&*+1)1.)5+! ;+&521&X! (E-+! 4-+0*&.&1).*1 42282N! /+! 0+!),)-5&+02.2!",!
42(4+(&1)!02.2!3:--+13A&01)( !

P+.521)! 0'*-'. X! )&.!'",' 0", *-"..&*28! 3+.521! /+! 3+/+.&0! 3+.521)! .+;/),8+(&,)!
\.&5;*18&.2*&' 6! ?2&! 3+.52114+&1*+NX!",1 3)*&0+*)! 0+13! +0*&&3,)! +&,2.¥14)+.(&1) 1! #!
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V(6!1b"821!",! +:),8+,28! 1)..)! -).&1)! N&'(+11&! 0+13+*+(&1)5+! 0".(+,8+1!
(:*011);0118&11422142:2.10:-521)16122&!*+3+.&1)10)10(&1)!42213:-+! 8&+())*-&!
+.2) 4&,8+.+1 "1 7Z! (" 1&&1! 0'52! 3:-+! .):*)8)! 4A&0)1)3+.521* 0+13+(&1)01!
0+12%+3+%)! ):*)8)1 4&,8+.+1',1"ZZI ( "X1);00 12;)!',1 7f'Z1 [+1 1))!",1),+(21)1!
"821)la0'1E1%))(&8)1!,&&6!

<GHIJKL! *)5&! 1+(+! 3)*&0+*)5+X! 3)*&0+8! 0+13+3+8! V+! D6F! (10:-521*)1! /+1 "67! (!
+&21%)11 4. ++%&8)1X! (&..)! 1)) 11", 1 #1 V(! . AN&(::825+1 *-28X! 021! 3)1&! .&&52N! E;)1!
122,+11 E)1! +. 41 1&11)42(N+*+3+21 +..1 )3+ GH" R+ /+1 1)..&1)&8! 4.++*)1 "1
0:-32*&IE;)11("82.&1IV+I7"61""82.14aa-.)NI+)5.+1) . *I/+11)) *+5+N!1)..) X!)*14A&0)!

)&! 4+&1%+! 4.4++88&.)! *1)! [+] -&1*&X! 3+&8! ,2-5+1 +..X! (&1! ;+/2*+N! 3+.521*6! T)..&1*)!
4 ++%&8)5+1%2.)NI7I(10"*+1$0Z!.1+0*&&31)*IM'E)) 1&3+*13)*&0+(+11&6!P;-8.21)!
3:&NI*22+1%+8()8)5+X! (&11 1)+3+8!'(+1.);)8! 3:&! :&1&02! :&5)! 2-5+] +..41 4A&0)1)!
12;%)1XI\4A)3+.&..461 22, +1+0&&3,)IM'* 1E,*)) 11+ &(2N1 76 DIV (108; &1 XI1&&11*+5+NI#V/(!
AN&(::825+!*-21 (+01&(++.1)! 3+.521)! 0+12*+(&1)6! "82.8*)! 4aa- +(&1)5+!",!
*4+5+%28X1)*|E010&!-+00!)&! 1++!E.)ID[|(+01&(++.1)1*14A&0) 1)0&&-521) 1*6!
<GHIJKL!",! +&,20)! AN&3" +3! M'*'1E,*))1&3! N&'-)+0*-X! 021!3)*&0+1! 0+13+3+8!
IA-1)488)3+.*1+.521)1*102,&.!.:42,&6!
<GHIJKL!0+13+*+N1)).0:&5)! -+13;+44)&81\"()5+! HI # X102, +1 1)8H-+:+1*+11 0+!

<28

2281 *);+! (&)1 AN&3".2X! 3+&8! )*+48&.&,)! 3)*&0+0+13+*21X! 1&&1! 4-*1)11&! .:44)8)1!
3:)*+01)! 3A/+! 0:&0! 3)*&0+8X! ,&&! *A&10+13+,28! 02&! ,"-)8! /+! 3+,+8X! 0)..)!

. &1&1+.8211 ' 4+./2] 3AROL)(! ,-(++/£*21)b **26! HAN&3".2! -)+0*-&1!
0+13+*+*+01)!)380+8! (+01&(++.1)! :.&1&1+.821),&! /+! 1&&1! 3:)*+01)! ,al +&,2.*!
*A&10+13+,28!3)*&0+8! 1E1%))(&!.:421I3A./+X! 1)+.1)&!" ) "-&X!:.& +;/+1&8! 3)*&0+&8X!
)5+IE.)0+13+,28X102,+!.AN&3". 2LEL*))(&11)&! 1++13)*&0+8IE.)I0+13+8+X!,+81.8&;*1+.*!
3:)*+01)I1E1%))(&1*13A./+X!@2,);8)!:.&1&1+.821!" |(+01&(++.,)6!

|

T))5+! .AN&3".2! -)+0*-&1! "I ("82.&8! '(+3+;).! E;),8+*286! ?:&5)4)+.*!
0+13+*+%+01)! .+N'-&11)*)13)*&0+02.%22-X! 1)5+*+01)! 1)8+! 0+! &,'02.2(&5+X! 1&&1!
3&&+01)! 3)1&! 0"1! 3)*&0+#¥)5+1)).0+13+*211)X! (&..)! /A-).] 1)) .+:/),8+*4@HO1L!
0'-8+X102,+13)*&0+110+13+3+8!122-)(+01X!*2.)NI3A *&8+! 3+-/21%)00&(&1*! 1)..) 1! 76 D!
V(IM*1E,*)1&3+1!0&;&1X!,&,5!38&(+1)1!'1+110'52*+01)! 3)*&0+*)!N&'(+11!0'002X!
)-+.8+*+01)!3))1#!/+13)1&!.A;)N!0'-8210+12*211))6!

|

<GHIJKLI®); L'5&+1"10'002! 4+, 281 *&&  5&3)*&0+*)! 0+13+*21)! /+14228)! 71"Z!
12;)10412%4+8) 111+ (+14&,8+.+10"*+1"Z1-;0) (M*'1E,*)) 1&3+*14&,8+6! |
|

Tootmiskulud

|

<GHIJKL!*"*(&102.2!3:--).82,+!3));'&8.+!1\4",8" 3)*&0+0+132*21).)!",1 0+..&1!
+&,2.%1 )1(+4&.52.X! 02&! 3++8+*+! *'%(&102.2! -22*())*-&! 0';*+XR&1! 3));'&8.+1!
*2 )N!'1))! 7DZ! |! /+! <GHIJKL! *aa1*21.&021! .+;),821)1! 707#$! |6! P:--).8)1! +5+!
M*'1E,*)1&3+*! (+11&! -22*())*-&! 0';*+X! ' '.20'-8! 3+1*24&8&,)X! 3));'&8.+!
3)*&0+*)1 42;2.1" 1 1)) ##! X! 02&! <GHIJKLT!",! 1))! $F9! .6! 22&! )))8! ,A&*+/+8!
'(+3+;).11)'1*+8+!,  &,5!.&1+8+!(++!;&,8!/+10+132;",))M)0*\3));'&8.+!*+.3).)&!
*aa*+ X! 1&&1! ',! <GIIKL! &,3)1%))-&,52! 02.2! M'*'1E,*))1&3! .&&*-&! 0';*+! #69! |!
3:--).8)1!3));'&8.+!3)*&0+0+13+*21)5+!F6F!|6

|
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ECODUNA eelised

[

++&.(+! )1&(),)! M™1E,*))1&3! *aal*21.&0! 3)*&0+0+13+*21B21! 3+.521*
0+12*+*+01)! 7ZZ[X! 1+(+1!)&!")!.&&5,)!3+.521! .&(&*))-&3+01! 1)&5+01 X! 0+12*+*+01)!
4E1*&1)&8! ("82.)&8X! (&1! 3:&(+.8+3+8! 1+(+.! 4&,,+E;&02.! 0+12*+8+! "Z! 0'-8+!
122-)(+*IM™*'1E,*))1&3+*1 4&,8+6! P)*&0+*)!10+132!)&! 4&&-+!1)..)1*);,"."5&+!142;2.!
3+-&!(&**)02,+5&6!

[

H&.(+ )1&())! M*1E¥)1&3! 3)*&0+%):+1X! 021! 3+.5214&882-821! \.&5;*
&,:&N&*&' MA2282N1/+1422823+811)..)1%1%2.) )31 1*-) L11/+1"1("*)1, 00N L (*&V!
1;VONXI02,+11))1, 1. +;),8+%2814+%) ¥))-&*2814aa-.)3+%)1("82.8*)5+ X! (&11*+5+N!
(+01&(++.1).¥4*& (++.1)13+.521)8

|

“++&.(+1)1&(),)! .AN&3".2! 3)*&0+*)! M'™*'1E,*))1&3! 1E1*))(X! 422823+8! j)+0+8k!
3)*&0+8X! 1++5&! 0'-&1*+(&1)! +/+01! ',! 0:&0! 3)*&0+8! 1+(++122-)8! /+! 1+(+8)!
'(+821*)5+X!\..&1&1+BL)5+ X! 42282N! 4-*1)11&! 1++1*2(&1)13:&(+.21!\,'I N+VO!
V' *+(&,+*&', 6! !

I

++&.(+! )1&(),)! *aal*21.&0! /+! O'*-'.&*28! M™1E*))1&3! .AN&3".2!
3)*&0+0+13+*21X! 122-)! +2*(+*&1))-&*21)! +1*()5+X! (+8+.+8! *aa/:202.28! /+!
3)*&0+02.%22-&8!" 10)-5)1*&!3+;)*+*+3+86!!

I

?2)-5)1,1;".8+8+X! )&! 4)+! 1E1%))(&! 0&,,&! 4+,)(+X! 1))! *¥aal*21.&021! 10++.H
4&."*);+1! "1 );&*+*28! *+3+.&1%)1*! 1*+,8+-81)*)1*! );&*21(+*)/+.&8)1*6! i);+1!
*aa*+N! &.(+! *+3+.&1*)! 42(4+8)*+X11))5+! 42282N! (E-+! /+! 02.28! ',! 3A&01)(+86!
>2282N!-&10!1122-)(+*)1*);+1*)!);&*+(&1). X! 02,+! 1)1 4&."**);+1!",1 *aal1*21.&02!
*);+1)!13A&01)&(!3:&(+.&@+-&+;*X!1)8+!1++N!E.)14".)!18&(),1&',))-&8+6!T))5+!" !
(+8+.+8! OA&BR/+! *aa/:202.28XV,&,5! M'*'1E,*))1&3+! 3)*&0+.&&*-&! (+012(21!",!
3A&01)(13));'&8.+*EE4&!3)*&0+0+13+*21)1*

Foto 1. Ecoduna t33tav mikrovetikate fotosYnteesiv kasvuhoones paiknevate biandtzkta
piloottehas Austrias, mai 2013

Vetikatest biomassi tootmise tehnoloogiad

P)*&0+1! "1 +&,2-+0,)6! )(+! -+021! 42282N! .&5,&&,! /+! ;)(&*1)..2."1X! 1)+.! ']
4:8.81)* 1E183)1&,&028,+52!1 *A-0.&1X! *1).2."1X! 12;0-28! /+| *)&1)8!
4 E1+;+-8&8&86!
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Vacuoles (EPA,

Mitochondria = heterotrophy 2 ARA, DHA)

Extracellular and

capsular
Membrane lipids :&\/polysacchandes
(EPA, ARA, DHA) \

Vacuoles
excretion
(hydrocarbons)

Strong oxidation =
Antioxidants and pigments
Carotenoids, Astaxanthin,
Zeaxanthin, Lutein,
Glutathione peroxidase,
Tocopherol

Vacuoles (neutral
lipids)

Vorreldes maismaataimedega! ',! (&0-'3)*&0+*)1! 4+./21"0:-5)(! 4-*)&&,&!
1&1+.821!\02,&! OZ[! 31! "D[! (+&1(++*+&()8). X! (&0-'3)*&0+*).!',! DRZ! 0'-8+!
122-)(10+1320&&-216""+01&(++.,)!1*)'-))*&.&,)IM"*'1E;*))1&)M)0*&&3121!",1=["\31!

TR (+&1(++*+&()8).76!"&0-'3)*&0+*)1! '102,&'FZ[!'1E1&3)1&,&00)!/+!02,&!9Z[!
4-%)&& "1 0+12*+*+3+86! "&0-'3)*&0+&8!",! 72Z0227! .&&0&X! #D0ZZZ! (AA-+*28X! 7"
10+12*21)1'A-&.&1)11*"*(&1)1X!,))8!",1 4+%) *))-&*286! L ())-&0+1!",! 3+1*+3+8!
j3)*&0R+,5+8R'&8.+8kX!(&1!;'&21*+3+8X!1A&:&*+3+8!/+!|(EE318*1)6
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P)*&0+!-+021!",10'52!).201!3+/+(&,)3!(+1&,+3A-0X!0'52!N&*aal1*210'(4.)01!",!
71-+021X11&1),8&*)01!3)1&X!3+.521M{*&BF+&,)86!" &0-'3)*&0+1!",!,,!
multitalent, 02,+!3)*&0+-+021*!1++N!/A-5(&1&!*"*)&.8f

76 WH-(++*18&+

"6 ?'1())*&0+ !

#6 1'&82.&1+,8!

$6 n,&(*' &

D6 b"(+1aa* !

06 ?+.+laaf

96 %&'0E*21)8

F6 B';).&1)8!'0)(&0++.&8
|
KA&B)fI3)*&0+1F196$'&#8#88,+ 19,:"9"+ ”*);*28!+ *&'01E8+,* I''0ZZZ!
*;21+(102&!G!138&*+(&,f

Why is 7'%$'&#8#88,+ pluvialis a High Value Algae?
It has high content of Natural Astaxanthin.
+&5(&() "))+ 1%2) (&< (&

6000 times more powerful than VITAMIN C

550 times more powerful than GREEN TEA

3000 times stronger than Resveratrol

800 times stronger than Co-enzyme Q10

|
PAA-*21.80)13)*&0+*"8)*)10&.";&,,+813:--).8) 111 '/+14-%)8& &5+ X!*"*(&102.2"",!
3+;)(&021! $8-$80 /Kkgf!

Outdoor Ponds (30,000 mt/yr):
-Arthrospira/Spirulina (bluegreen algae)
-Dunaliella (green algae)
-Haematococcus (green algae)
—Chlorella (green algae)

Photobioreactors (100-200 mt/yr)
-7"%%$'&#8#88,+ (green algae)
-Chlorella (green algae)

eProduction costs: =>>=>5@*A

|
A, +1%"8)*+01)13)*&0+&8!*&82.81+,88*)0113AA-*21.80)!4-"*)8&,&8)!/+!:.&B), +

-2&.2#+1"2'@B1"2,9"("(bluegreen algae) - Whole cell forms !

! YK2*-&*&',+.11244.)(),*1CM"8!+88&*&3)!
.C,('9"%99")(green algae) - Beta-carotene !

! YK2*-&*&',+.11244.)(),*CM"8!&,5-)8&),*! !

1'%$'&#8#88,+) (green algae) - Astaxanthin (eeltoodud naide)!
! YK2*-&*&',+.11244.)(),*C+,&(+.!M))8!&,5-)8&),*! !
.B8."D#8.E&2",$)stramenopile) - DHA & DHA+EPA oils !

! YK2*-&*&',+.11244.)(),*1CM"8!&,5-)8&),*C+,&(+.! M))8!&,5-)8&),*!
.F2E1&.%8#<"(",$)(dinoflagellate) - DHA oil !

! YK2*-&*&',+.11244.)(),*1C&,M+,*IM'-(2.+1&,5-)8&),*!l
.F.9#2%99green algae) - Tablets/cosmetic oils/veg oil repl. !

! YK2*-&*&',+.11244.)(),*CM"8!&,5-)8&),*! !
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|
"&0-'3)*&0+*)! produktiivsus\5C( " B+SM ' I(+&1(++*+&()8)!'(+1*!".2.&1).*!
suurem!

! YP)*&0+&5-35!5C("C8+S!31!12;0-2-"5!3-5!5C("C8+$%

|

"&0-'3)*&0+8!ei konkureeri viljapdllu pinnagaX!3+1*24&88&

! (&0-'3)*&0+*)1*11++N!*'&*12

! YO+12*+N!4&5)(11".+1*13)**102&!3A-10)*!(+5)8+*13)F*

|

|

Y1++N10+12*+8AR*(++8X!(&1!(&..)010&!(22011)&!10:. N+

"&0-'3)*&0+1!3:&N!"*1)kasutadal*aal*21.&0)!/(!4:.)(&14-*1)11&8)!CO-6!
"&0'-3)*&0+8!1*"8+3+8!-";0)(!. &4&&8)\N&":.&M02&! (+&1 (++*+&()86P2&!0:&0!
3AA-*21.&0!",13A./+13:)*28X!1++NI3)*&0+/AAS5&1*1*); +IN&'S5++ 1&X! (& + [ R+
GH!1++N!laa*+!3)*&0+*).)1*'&8801

|

Metaani took on samas vahemikus ,+52!.);(+1:,,&02.1/+!-;).&1)JIN&'(+11&.! !
P)*&0+*).1267D!02,&!Z6$M*++,&COS\N&'(+11N

T:,,&02.126"Z!K( #CO5!/+!(+&1&.!1Z6SHGOSGBCK!12;)!",I(+8+.+(102&!*+3+.&1%).!
N&'5++18&L()*). 6

FPA Photobioreactor

"l i Algae biomass
Heat & Electricity s / Replacement
< ' R : of nutrients A

Sunlight

Flue Gas &=

A
- e [/ O\
Nutrients AN
SN \\\74‘\)
_ _ Lipids /
Biogas CHP Residual biomass High Value
products

Jareldused Eesti jaoks:
|
76 <)1*&!0.&&(+11)!1'N&3+8!0+132;",)*)1!0&,,&1)8!M™*'1E,*))1&3+8!
N&'-)+0*-&8I\>%BY4;*'N&'-)+V*'-" |
"6 P)*&0+*)1*"*(&,)!,:2+N!0 ' *-'..&*28!0)100',8 +\*)(4)-+*22-X!*'&*+&,)8X!
/)N
#6 P:&(+8+N!0+13+*+8+!)-&,)3+&8!3)*&0+&8It+3+.*1*2-2,:28.21).) X!
(:,)8)!13)*&0+*)142;2.1(+11!0+;)0"-8&1*2N!#14A)3+5+ !
$6 >%B!3)*&0+*);,"."5&+!;+00+N!/:28(+!+-),821M++1&1**aal*21.&002!
**(&11)N\<V'82,+! A&8)IL21*-&+1*N
D6 >%B!P)*&0+*);,"."5&+*)1+-),8+(&1)5+!<)1*&11*+12N!*)5).8+!/2;2.X!02&!",!
*);*28 10'--)0%,)!A-&4.++,13+.&*281*"*)1*2-2 8+(&1)01 !
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06 T"3&*+3!',13+1*+31*2-2R2-&,5!%);+!

96 j?+..&.*k!I(EE8+3+*)!3)*&0+*"8)*)\,A&*),+!*"828! 7'%%$'&#8#88,+)
(rohevetikas) toodetud Astaxanthin) *'*(&,)!122-),8+N!))1*&!
)014'-*&X11))!11'N&N!3A&0)-&&5&.)8202 1", 103+.&%))8&X!(&**)!(+11

F6 P:&(+.8+N!-+0),8+8+!nil.+;),821&!/+*aa*+8+I3A./+!1221&!3)*&0+*)1*1(228)!
0+12.&0)!+&,)*)1)01*-+;))-&(&1)"*);,"."5&+&8X!(&8+!1++N!'(+0'-8+!
4+%),%))-&8+!/+1,)&8!4+*),*)014'-*&8+!

=6 %&'0E*21*)'\N&'8&&1). XIN&'()*++,A*"*(&1)01!",!>%48B!*"8)*28!3)*&0+*)!
'(+;&,8!.&&5+!0:-5)/+1*A +1*)1%)+8(&1*)!4:;/+.11))N&!*+12!A-+

TZ62E.."*+12N!+5+13)*&0+*);,"."B&+*)I3A./++-),8+(&1).!11&828+!1))IN&'5++1&!
**(&1)5+X!1021!11++N!0+12*+8+!3)*&0+*)!14-)11/AA0)!

776008&'5++1&142;+1*+(&1)|GH"11++N!0+12*+8+!3)*G0%3}*+(&1)!1&1),8&! +

7"6>+%),*))-&*28!*);,"."5&+8!E;),8+3+8!3)*&0+0+13+*21)IM*'1E,*))1&!
M)-(),*+*1&",&5+\#6!/+1$!4:.30',8"X!1+5+1,))8!",13)).1*aal*21.&02!
+-),8+(&1)!+.521/A-521\W)-(),*L.5" !

T#HEP)*&0+%);,"."5&+*)\>%B"+-),8+(&1)5+!*+12N!<)1*&11*)5).8+ X!021+
*2,82NXN*11).)1%);,."5&+!1+-),5!I' 1 (++&.(+1!'(+1j422/22-)0+).+.k!);0!
*:2121+.521)16

Lisa 1. NSitlik metaans>idukite arv juhul kui 10% fossiilsetest
vedelkYtustest asendada biometaaniga.

Tabel 40. Biometaani kasutavate s>idukite nSitlik arv;juhul, K0P mootorikYtuste tarbimisest on
biometaan.

Tanane biometaani

Bensiinisbidukid . arvutuslik kogus
) \eoautod Bussid . :
taismassiga alla (diisel) (diisel) Kokku taandatuna biogaasi
3.5t tootmisest (13 min Nm3)
Imaagaasisdidukite arv
Biometaani tarbitav kogus 17,000,000 60,000,00 | 40,000,000 | 117,000,00 7,800,000
aastas Nm3 0
Biometaani tarbitav kogus 13.39 47.24 31.50 92.13 0
aastas ktoe
Soidukite arv 9,714 1,714 1,000 12,429 153
Sdidukite osakaal:koguarvust 2% 6% 26%
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+1N"5L"84$<%.+45<+E%BpC(=%N<#5""#"5L"$40"%A31"5:.55"6.%.++.96)87%3E8%(p" %$""5<+N45!
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Lisa 2. Lisainfo vetikate tehnoloogiakohta
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Ferment
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(bioreactors)
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\3 Ferment L . )
Market positioning - Timeline

3 vears Svears Tyears Time to market

13€kg 12€ke 11€ke 4tol€ke “1€kg Production cost
1027 105T 10T 105T Marketatse
’ Green chemistry market
= market Obje v
g Cosmetic g:":’:“:’l' 60% TG lipid extract
mass .
—::;k:: 80g/lrichin llilgi(;\;' por100. -
ective: molecules of
lipid extractrich interest
™ HumaR inmolecules
p£mi‘ltign_ ofinterest
= Objective:
Aguaculture 20-30% lipid extract
market EPA/DHA
Objective: Biomass 30g/L
Pure biomass
atoutput

Animalnutritionmarket
Objective: valorization of

of fermenter -
120g/L
—— o proteinand lipid content of extracts
Niche markets ' for animal nutrition
Molecules with high value-added

Brown coal
1153

‘ ' Photovoltaics
101

. Hydro power plant
40

Black coal
(Anthrazite) @ Solar Thermal
949 27

@ Wind power
Gas and steam 24
power station
82 @ Biogas-CHP
19

) Nuclear power
32

CO, footprint (in g/kWh)

Reactor Substrate T HRT loadingrate  Methaneyield CH,  References
(0 (d) (gVSL'j™) (LCHgVS™) (%vol)

Batch 11 L Alge sludge (Chlorello-Scenedesmus)  35-50 3-30 1.44-2.89 017-032 62-64  ( Golueke et al., 1957)

Alg| biomass 35 8 1 042 ) (Chen, 1987)

Spinlina 35 28 091 032-031

Dunalielln 35 28 09 044-045
CSTRE 2-51L Trerraselmis (fresh) 35 14 2 031 <74 (Asinari Di San Marzano et al, 1982)

Tremaselmis (dry) 35 14 2 026 72-14

Tretraselmis (dry) + NaCl 35 g/L 35 14 2 025 -4
Batch 5 L Chiorella vulgaris 2831 64 - 031-035° 68-75  (Sanchez and Travieso, 1993)
Semi-continuous (dailyfed) 10 L Spinlina maxima 35 3097 026 68-72  (Samson and LeDuy, 1982)
Fed batch 21 Spinulina maxima 15-52 5-40 20-100 025-0.34 46-76  (Samson and LeDuy, 1986)
CSTR 4L Chlorella-Scenesmus 35 10 26 0.09-0136 69 (Yen and Brune, 2007)

Typical Wastewater Biomass Digestion: 0,5-0,81CH4/g VS
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Total costs of 1 Liter PaV

M land €/L
Mgreenh €/L**
M system €/L

l
l

eco 2010 eco 2012 eco.Large Sc. Open Pond OP +Ggr. H

Land costs €50
Greenhous costs €120
*Uptime OP without greenhous 66%

<

aqualia Tubular photobioreactors in Almeria

Fix capital |Detail Factor Cost, €
1|Major purchased equipment 1 214,350
2linstallation costs 0.10 21,435
Fix capital per annun Cost, € 0.10 21435
Lifetime 10 0.05 10,718
Depreciation 39,140.31 0.05 10,718
Property tax (@ 0.01 depreciation) 0.01 391.40 0.10 21,435
Insurance (@ 0.006 depreciation) 0.006 234.84 0.10 21435
Purchase tax (@ 0.16 of items 1-12/10) 0.16 6,605.41 0.10 21435
Total fix capital per annun 46,371.96 € 0.06 12.861
Raw materials Units €/und. Cost, € 9,966.67 € 0.10 21435
Culture medium (m3) 3250.00 1.00 3,250.00 0.10 35582
Carbon dioxide (kg) 16250.00 0.40 6,500.00 0.05 17 791
Medium esterilization filters 108.33 2.00 216.67 0.06 21 ’349
tE 13,371.43 €175 fix d_412.838.10
Water (m3) 3250.00 = = —_—
Power consumption (Kwh) 133714.29 0.10 13,371.43 Investment 14 k€/m3
Others Units €/und. Cost, € 94,345.60 €
Labor 1.00] 30,000.00 30,000.00 :
Supervision 0.20 6,000.00 Production 6.5 t/yr
Payroll charges 0.25 9,000.00
Maintenance 0.04 8,574.00 g
Operating supplies 0.00 1,114.62 Energy Ratio
General plant overheads 0.55 24515.70 134 Mwh / yr
Tax 0.16 7,834.95
Contingency 0.01 2,786.55 for 6,5t / L
[Marketing 0.01 4519.78 at5 Mwh/t
Total direct production costs (€) 117,683.70 € S
Total production costs (€)] 164,055.66 €
Unit cost of producing biomass (€/kg) 25.24 €
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