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IEVADS

Darba témas sakara minami tadi misdienu pasaules sabiedribas
izaicinajumi, ka: iedzivotaju skaita pieaugums, fosilo resursu izsikums, augsta
valstu tautsaimniecibu savstarpgja atkariba, loti atra un vaji kontrol&ta kapitala
mobilitate, ka arT antropog€na negativa ietekme uz vidi. Kopuma visi Sie faktori
ir saistiti ar apdraudgjumu ilgtsp&jigai attistibai, kas ir — attistiba, kura
nodrosina Sodienas vajadzibu apmierinasanu, neradot draudus nakamo paaudzu
vajadzibu apmierinasanai.

Atzina, ka tirgus ir nepilnigs un rada argjos efektus (eksternalitates), rod
atbalstu butiba visas ekonomikas skolas, neatkarigi no ekonomikas zinatnes
pamatpiendmumu kopuma. Nobela prémijas laureats ekonomika Dzozefs
Stiglics (Stiglitz) (2006) norada, ka tirgus rada parak maz pozitivu argjo efektu,
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jo privatie razotaji par to netiek pilnigi atalgoti. Ka arT tirgdi ir parak daudz
iespgju radit negativus argjos efektus, jo razotajam nav pilniba jaatbild par
kaitgjumu pargjiem. Abos gadijumos tirgus nesasniedz vispargju resursu
efektivitati. Negativo argjo efektu noverSana ir viens no sabiedribas
uzdevumiem, jo tirgus sistéma ne vienmer spgj nodrosinat vispargju resursu
efektivu izmantosanu. Viena no jomam, kur ar§jo efektu noveérSana ir ipasi
aktuala, ir sabiedribas sp&ja sevi apgadat ar energijas resursiem.

ES stratégija ,,Eiropa 2020” paredz samazinat siltumnicas efekta gazu
(SEG) emisiju apjomus par 20% salidzindgjuma ar 1990. gadu, 20% energijas
iegiit no atjaunojamiem avotiem un par 20% uzlabot energoefektivitati. Sie ES
limeni noteiktie mérki ir saskanoti ar katras dalibvalsts nacionalajiem
energgtikas attistibas mérkiem. Latvijas energgtikas politika saistama ar augstu
mainibu un neefektivitati. Pasreiz tiek veidota jauna energétikas politika.

Misdienu energétikas risinajumi ir saistiti ar augstu komplicétibu, ko
nosaka gan razoSanas iesp&u daudzveidiba, gan tirgu integrétiba, gan
sabiedribas maksatsp&jas izmainas. Seviski spilgti energijas raZoSanas saistiba
ar citam jomam redzama biogazes razoSana. Biogazes razosana ietekme ne vien
energijas piedavajumu un pieprasijumu, bet ari loti plasa méra lauksaimniecibu
un regionu attistibu.

Vacija, viena no ES liderém atjaunojamo resursu joma, apzinati tiek attistits
Bioenergijas ciematukoncepts, kura bieZi neatnemama sastavdala ir biogazes
kogeneracijas stacijas. Bioenergijas ciemata koncepcija ir lokalas iniciativas
radita atbilde ilgtsp&jigas attistibas izaicinagjumiem un argjo efektu noveérSanai
ne vien vietéja, bet arl nacionalaja un globalaja Iimeni, ipasi SEG
samazinasanas joma. Akadémikis A. Kalnin$ ir noradijis uz nepiecieSamibu
izvertet bioenergijas ciematu izveides iespéjas Latvija. Ipasa loma promocijas
darba ir veltita biogazes razoSanas iesp&ju analizei un biogazes kogeneracijas
stacijas integré$anas iesp&jam bioenergijas ciemata energijas apgades sist€éma.

Ilgtsp€jigas energijas apgades sistému pétijumi ir komplicéti un aktuali,
tapéc loti daudzi autori ir pievérsusies energijas apgades problému analizei.
Energijas radito argjo efektu jeb eksternalitaSu problémas analizgjusi:
D. Streimikiene, R. Pusinaite, 1. Ro0s, J. Rekis, T. Sundquist, A. Markandaya,
A. Longo. Energijas razo$anas un patérina ietekmi uz vidi un labklajibu, ka ari
iesp€jamas sistémas izmainas analiz&jusi: D. Stern, S. Dinda, W.M. Huang,
G.W. Lee, J. Mills, T. Waite, E. Magnani, R. Goel, H. Wei-te,T. Hal, T. Casten,
S. Baumgdrtner, M. Quaas. Energijas razoSanas no biogazes agronomiskos,
vides un ekonomikas pétljumus veikusSi: A. Kalnips, M. Pelse, V. Strikis,
D. Blumberga, I.Dzene, S.Capponi, S.Fazio, L.Barbanti, L.Rodhe,
E. Salomon, M. Edstrom, A. AdamoviCs, V. Dubrovskis, I. Plume,
T.L. Romanelli, M. Milan, M.E. Weber, A.D. Cuellar, J. Bartusevics, Z. Gaile,
ka arf citi autori. Energijas razoSanas decentralizacijas svarigumu akcent&jusi:
R.B. Mangoyana, R. Smith, F.Timothy; bioenergijas ciematu veidoSanas
pieredzi Vacija aprakstijusi: A. Wiiste, P. Schumck, M. Karpenstein-Machen.
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Japanas 10 gadu pieredzi, akcentgjot industrialas un pils€tas simbiozes iespgjas,
aprakstijusi: R.Van Berkel, T.Fujita, S.Hashimoto, Y. Geng. Iespaidigais
petijumu apjoms ir saistits ne vien ar témas plaso aspektu loku, bet arT ar
politisku pasiitijumu p&c vides, inzenierzinatnu un ekonomikas petijumiem.

Promocijas darbs dalgji tapis, pateicoties ES projekta ,,Cilvekresursu
piesaiste atjaunojamo resursu pétfjumiem”, kura ietvaros autors veica
pétijumus, un dala no tiem ir izmantota promocijas darba.

P&tfjums balstas uz hipotezi, ka alternativas energijas (biogazes) razo$ana
pozitivi ietekm@ lauksaimniecibas produktu razotaju resursu apriti, ka arT atstaj
labveligu ietekmi uz vidi un samazina energijas importu.

Pétfjuma objekts — alternativa energija (biogaze), bet pétijjuma priek§mets—
no lauksaimniecibas produktiem iegiitas biogazes razoSanas iesp&jas Latvija.

No hipotezes izrietoSais pétijuma meérkis ir novertét no lauksaimniecibas
produktiem iegiitas alternativas energijas (biogazes) razo$anas ekonomiskos un
vides efektus bioenergijas ciemata izveides konteksta.

Risinatie darba uzdevumi pétijuma mérka sasniegSanai:

1) izzinat alternativas energijas izmantoSanas pamatojumu ekonomikas

teorija;

2) izanaliz€t atjaunojamo energoresursu plasakas izmantoSanas politiku

Eiropas Savieniba, taja skaita Latvija;

3) izstradat biogazes razoSanas simulacijas modeli un aprékinat biogazes

izmantoSanas ekonomiskos un vides efektus;

4) noteikt no lauksaimniecibas produktiem iegiitas biogazes izmanto$anas

iespgjas bioenergijas ciematu izveide.

Pétijuma ierobeZojums — alternativas energijas ietvars ekonomikas zinatng
tiek analizets promocijas darba teoretiskaja dala, bet praktiskais p&tfjums bazets
uz atjaunojamo energoresursu biogazi, kas ieglita no lauksaimniecibas
produktiem. Darba tiek analizéta elektroenergija un siltumenergija, transporta
energija netiek analizéta. Energtiska auga kukuriizas ekonomiskie aprékini
veikti pie divam kultiirauga razibam, lai raksturotu intensivas un mazak
intensivas audz&$anas tehnologijas un lai varétu tas salidzinat. Promocijas
darba TpaSa uzmaniba ir veltita biogdzes razoSanas ilgtsp€jigu attistibu
ietekmgjosiem faktoriem, citi energijas resursi tiek izmantoti iegiito rezultatu
salidzinasanai.

Darba uzdevumu risinaSanai izmantotas $adas petjjumu metodes:

- visparzinatniskas: logiski-konstruktiva metode, monografiska, analizes

un sint€zes metode, indukcijas un dedukcijas metode;

- statistisko petljumu metodes: aprakstosa statistika, regresijas analize,

dinamikas rindu analize u.c.;
- matematiskas model&Sanas metodes: optimizacijas uzdevums;
- citas pétijumu metodes: sociologiska aptauja, intervija.
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P&tfjuma veikSanai izmantoti $adi informacijas avoti:

- zinatniskas publikacijas un zinatniski praktiska informacija energijas un
ekonomikas mijiedarbibas teor&tiskajiem, socialajiem, vides un
ekonomiskajiem aspektiem;

- ES direktivas un regulas, ka arT1 LR likumi un MK noteikumi, citi
politikas dokumenti par energgtiku;

- Eurostat, LR Centralas statistikas parvaldes statistikas datubazes
pieejama informacija;

- EK, Zemkopibas, Ekonomikas un Vides un regionalas attistibas
ministriju un citu institiiciju publicéta informacija;

- Auces majsaimniecibu aptauja par atjaunojamo energijas resursu
izmanto$anu un atbalsta apjomu;

- Latvijas uzpémumu komercinformacija, par energijas un to resursu,
lauksaimniecibas pakalpojumu un méslojuma cenam;

- citi avoti, kas noraditi literatiras saraksta.

Pétijuma novitates

1) papildinata alternativas energijas definicija, akcent§jot energijas
izmanto$anas atbilstibu regiona ilgtsp&jigai attistibai;

2) iegilits novertgjums zinatnieku, lauksaimniecibas specialistu un praktiku
ieteiktajiem energétiskajiem  kultiraugiem ka biogazes ieguves
izejvielas substratam, noteikts ekonomiskais efekts;

3) izstradats biogazes substrata maisijuma optimizacijas modelis un veikta
biogazes razo$anas matematiska simulacija, iegiistot ekonomisko un
vides efektu noveértéjumu;

4) noteikta digestata baribas elementu tirgus vértiba, digestata
izmantoSanas ietekme uz izmaksu un SEG emisiju samazinajumu;

5) noteikts sabiedribas atbalsts alternativas energijas razoSanas plasakai
izmantoSanai Auce;

6) izveidots uz Auces pilsétas bazes bioenergijas ciemata energijas
razoSanas modelis, kas visparinats uz 24 Latvijas mazpilsétam, kuram
pieejama dabas gazes infrastruktiira.

Zinatniskais nozimigums

Promocijas darbs papildina ekonomiska rakstura zinatniskos pé&tijumus

Latvija alternativo energoresursu joma, 1pasi biogazes izmantoSana
elektroenergijas un siltumenergijas ieguvé. Darba ietvaros ir precizéta
alternativas energijas termina lietoSana. Izstradats biogazes razoSanas
matematiskas simulacijas modelis un veikti attiecigi aprékini, lai novertétu s1
procesa ekonomiskos un vides efektus. Pirmo reizi Latvija izveidots
bioenergijas ciemata modelis uz realas mazpilsétas bazes, kas novertéts
attiecinot to uz 24 Latvijas mazpilsétam ar dabas gazes infrastruktiiru.

Tautsaimnieciskais nozimigums

Promocijas darba ietverto pé€tijumu rezultati izmantojami: biogazes

stacijam, kuras ka substratu izmanto lauksaimniecibas produktus, veicot
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aprekinus: lai noteiktu optimalu substrata maisijumu, energijas bilanci,
nepiecieSamos zemes resursus un importa aizvietoSanas vertibu; lai noteiktu:
vides efektus, SEG emisijas un ieguvumus no fosilo mineralméslu
aizvietoSanas ar digestatu. Promocijas darba izstradata aprékinu sistema
digestata tirgus vertibas noteikSanai, ka arl nepiecieSama digestata apjoma
aprékinasanai; energtisko kultiraugu novertéSanai, gan no energgtiska
potenciala, gan no ekonomiska viedokla. Veiktie bioenergijas ciemata modela
aprekini var tik izmantoti $adu ciematu izveidé Latvija.

Aizstavamas teézes

1) alternativas energijas izmantoSana ir veiksmigs energijas ar&jo efektu
(eksternalitaSu) samazinasanas instruments;

2) Latvija piedalas ES kopigo atjaunojamas energijas mérku sasnieg$ana,
tomer atjaunojamo resursu veicinasanas politika Latvija Sobrid biitiba ir
apturéta;

3) biogaze, kas iegiita no lauksaimnieciskas produkcijas, pozitivi ietekmé
energijas razo$anas bilanci un apkart&jo vidi;

4) bioenergijas ciematu izveide radis ieguvumus lauksaimniekiem un
sabiedribai.

1. EKONOMIKAS UN ENERGIJAS
RAZOSANAS MIJIEDARBIBA

Nodalas saturs darba aiznem 25 lpp., kurds ietilpst 3 tabulas un 7 atteli.

Promocijas darba teorétiskaja nodala autors analizé energijas raZoSanas
cikliskumu un domingjosa resursa nomainu ar citu alternativo resursu, Sie
jautajumi skatiti no ekonomikas teorijas viedokla. Alternativo energijas resursu
izvertéSana bitiska nozime ir energijas razoSanas argjiem efektiem jeb
eksternalitatem.

Argjo efektu ieklausana tirgus sistéma ir teorctiskais pamats paliikoties uz
energijas razoSanu arpus méroga ekonomikas ietvariem, ir pamats ilgtsp&jigai
attistibai. Nodalas turpinajuma analiz&ta bioenergijas ciemata koncepcija, kas
sevi ietver energijas negativo ar&jo efektu noveérSanu, vienlaicigi veicinot
apkartgjo teritoriju attistibu.

1.1. Energijas resursu veidu izmantosanas attistiba
un izmaksu Ipatsvars

Alternativa energija nav sinonims jédziens atjaunojamiem resursiem, bet ir
to ieklaujoSs jédziens. Ja atjaunojamie resursi norada uz to sp&ju dabigi
atjaunoties vai uz to neizsmelamibu, tad alternativas energijas jédziens balstas
uz vietgjas sabiedribas atzinatu ilgtsp&jigu izvéli. Promocijas darba autors
piedava $adu definiciju: alternativa energija — energija, kas nav
konvencionala izmantoSana un ietver sabiedribas ekonomisko, sociilo,

14



vides ieguvumu un zaud€&umu izvértéjumu, konkréta tehnologiskas
attistibas bridi un regiona.

Vislielaka vienpratiba ir par primaro energijas resursu iedaliSanu atkariba
no to uzkrasanas veida. Fosilas energijas resursi ir miljonos gadu uzkrajusos
fosiliju paliekas, tap&c objektivi tas nevar bt neierobeZotas. Fosilas energijas
ierobezotiba biezi ir nozimigakais faktors, kas liek parskatit iespg&jamas
alternativas par labu resursiem, kuru izsmelSana nav iesp&jama, jeb tie ir ta
sauktie atjaunojamie resursi (plismas energijas resursi), shematiski primaro
resursu iedalfjums attélots 1. attela.

Primaras energijas resursi

krajuma resursu energija atjaunojama (pliismas) resursu energija
|
fosilo resursu energija dabiskas pliismas genergjamas
resursu energija plusmas resursu
energijas avots: energijas avots: energija
nafta saule
gaze vEgjs energijas avots:
ogles vilnu kustiba biomasa
ktidra tdens pliisma atkritumi
urans geotermalais
plutons zemes siltums

Avots: autora veidots
1. att. Energijas resursu veidu sadalijums krajuma un pliismas energija.

Ar atjaunojamo energiju visbiezak saprot plismas energijas veidus:
energija, kas nav atkariga no resursu kragjumiem uz zemes — v&ja energija,
saules energija, vilpu energija, Gdens energija, geotermala energija, ka ari
energija, kas iegiita no biomasas un atkritumiem. P&dg&jie divi veidi raksturojas
ar augstaku noteiktibas ITmeni, bet ierobezotu izmantoSanas apjomu konkréta
laika punkta.

Biomasas energija ir ar salidzino$i augstam fiksétam izmaksam un tapat
salidzino$i augstam mainigam izmaksam, ar ko raksturojama §1 energijas
resursa veida ieguve — primara razosana, lauksaimnieciba un mezsaimnieciba.
Viszemakas investicijas izmaksas ir dabasgazes izmanto$ana elektroenergijas
ieguvei, bet visaugstakas tas ir v&ja un hidroresursu izmantosana.
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1.2. Argjie efekti (eksternalitates) energijas raZzoSana

Resursu sadales joma tirgus sist€ma ir nepilniga un viena no sist€mas
nepilnibam ir cena neieklautie, bet produkcijas razosanas procesa raditie argjie
efekti. Ekonomikas teorija izSkir gan pozitivus, gan negativus argjos efektus,
kurus nepieciesams ieklaut tirgus sist€ma, lai tiktu sasniegta Pareto efektivitate.
Argjo efektu konceptam ir gara vésture, ko aizsaka Alfréda Marsala (Alfred
Marshall,1890) idejas par iek$&o un argjo ekonomiku uzpémumu precu
razo$ana, kas transformgjas privataja labklajiba, kuru Pigi (Pigou) ieklava
labklajibas ekonomika un tas talak attistijas un formatizgjas dazados virzienos.
Paslaik sastopamas dazadas argjo efektu koncepcijas. Kopuma argjo efektu
teorijas balstas uz normativu skatijumu (Baumgértner, Quaas, 2010). No
ekonomikas teorijas viedokla argjie efekti norada uz tirgus nepilnibam.

Tirgus sistémas uzlaboSana, ieklaujot taja argjos efektus, kompens€joSus
izdevumus, ir sarezgita, jo saistita ar ierobezoti definétajam iIpasuma tiesibam
un $o tiesibu praktisku realizaciju. Visbiezak runa par sabiedrisko Tpasumu un
ta izmantoSanas raditajiem sabiedriskajiem ieguvumiem vai zaud@umiem.
Saistiba ar energijas razoSanu, visbiezak runa par negativajiem argjiem
efektiem, kuri saistiti ar SEG emisiju razosanu, kas ietekmé& globalo klimatu,
radot zaudéjumus sabiedribai. Argjo efektu izmaksu apjomus var aprékinat un
tas ir darits vairakos pétijumos, kuros konstatéts, ka atjaunojamie resursi rada
mazakus negativos ar¢jos efektus.

1.3. Ekonomiska attistiba un regionalie aréjie efekti

Meéroga ekonomikas un klasteru ar&jie efekti rodas saistiba ar uzpémuma
atraSanos kada konkréta vieta. MarSala (Marshall) un Veébera (Veber) idejas
tika atdzivinatas fundamentalaja Krugmana (Krugman) un Fudzita (Fujita)
darba ,Jauna ekonomikas geografija” (New Economic Geography). Galvena
doma S$aja darba ir par atraSanas vietas klasteru nozimi razojumu izmaksu
samazinajuma par vienu vienibu. Jautajums par videi nodarito kait€jumu
ieklausanu tirgus sistéma jeb ekonomikas attistibas rezultata radita spiediena uz
vidi mazinasanu ir nodarbinajis ekonomikas pé&tniekus jau ilgu laiku. Kops
pagdjusa gadsimta vidus ekonomistus iedvesmoja Kuzneta hipotéze, ka,
pieaugot iedzivotaju ienakumu Iimenim, ienakumu nevienlidziba palielinas,
bet, sasniedzot noteiktu punktu, nevienlidziba samazinas, kas grafiski att€lota
ka apgazta U veida Iikne.Ja Vides Kuzneta Iiknes hipotéze apstiprinatos, tad
kapitalisma ekonomika pati samazinatu negativo iespaidu uz vidi. Tomer
praktiski ekonomikas loti kiitri savas sistémas inkorporé vides negativos argjos
efektus, tapéc bitiba nav priekSnoteikumu, lai $T hipotéze apstiprinatos.
Ekonomiska augsme nav c€lonis, bet gan priekSnoteikums vides negativa
iespaida mazinaSanai (Mills, Waite, 2009). Elizabeta Magnani (Magnani)
(2001) konstate: teorctiski var piepemt, ka Iidztekus ienakumiem, pieaugot
pieprasijuma elastibai pec vides kvalitates, veidosies pozitiva sakariba starp
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ekonomikas augsmi un vides kvalitati. Tomér empiriskie pé&tijumi nelauj
viennozimigi apgalvot, ka izaugsme automatiski saistita ar IKP un vides
kvalitates uzlaboSanu, noradot uz politikas veidotaju biitisko lomu, kas ietekmé
paterétaju uzvedibu un pieprasijumu p&c vides uzlabosanas.

1.4. Bioenergijas ciematu izveides koncepcija negativo argjo efektu
samazinasana energijas apgadeé un sabiedribas lidzdaliba taja

Cits negativo argjo efektu noverSanas veids ir saistams ar lokalo sabiedribu
iniciativu izmantot integrétus risinajumus, tajos ietverot ilgtspgjas kriterijus un
uzlabojot dzives kvalitati. Praktiski piem@ri ir saistami ar ta saukto bioenergijas
ciematu attistibu. Integréjot lauksaimniecisko raZo$anu, meZzistradi un energijas
razo$anu vienota sistéma, iesp&jams iegiit katrai nozarei un sabiedribai izdevigu
ilgtsp&jigu attistibu. Nodrosinot savas energétiskas vajadzibas ar vietgjiem
resursiem, tiek panakta resursu pilnvertigaka izmantoSana, ietaupitas ar
transportu saistitas SEG emisijas, stabiliz&ta vietgjo uzn€mumu darbiba, ka ar1
iegiitas citas priekSrocibas. Bitiska loma bioenergijas ciematu attistiba ir
biogazes razosanai. Tomér kopuma katram regionam ir iesp&jams izstradat savu
energijas veidu kombinaciju, kas uzskatama par regiona alternativo energiju.

21. gadsimta ilgtsp&jigas pilsetas attistiba nav iedomajama bez SEG emisiju
un energijas resursu analizes (Kennedy et al., 2011). Saméra proaktiva ir ideja
par bioenergijas ciematu veidoSanu, kas batiba ir pilsétas metabolisma idejas
attistibas rezultats, tomér nav tik radikala ka ideja par ekociematu, Kkas,
autoraprat, robezojas ar religisku kopienu, jo paredz ari vienotu garigi kulturalo
telpu.

Bioenergijas ciemati ir apdzivotas teritorijas, kurdas energétiskas vajadzibas
nodroSina ar vietejiem biomasas alternativas energijas resursiem, uzlabojot
vietéjas kopienas ekonomisko, vides un lauksaimniecibas ilgtspéju.

Akadémikis A.Kalnins, atjaunojamas energgtikas eksperts, atzist, ka arl
Latvija ir saimnieciski pamatoti veicinat bioenergijas ciematu veidoS$anu, jo
atjaunojamie energoresursi ir daudzveidigi un netiek pietickami izmantoti
(Kalnins, 2012). Biociemati izmanto ne vien savos ciematos pieejamos
resursus, bet arl tuvako zemnieku saimniecibu un citu lauksaimniecibas
uznémumu sarazoto produkciju un razoS$anas atlikumus. Varétu teikt, ka
biociemata meérkis ir nodroSinat veiksmigu lauksaimniecibas, energijas
razosanas un viet&jas sabiedribas simbiozi.
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Avots: autora veidots, izmantojot Tsvetkova, Gustaffson, 2012
2. att. Bioenergijas ciemata energijas apgades koncepcija.

Kalnin§ un kolégi, pamatojoties uz sisttmdinamikas modelé$anas
rezultatiem, apgalvo, ka panakt lauksaimnieciba nodarbinato ienakumu
picaugumu lidz ES vid€jam, izmantojot tikai primaro razoSanu, nav iesp&jams
(Kalnin$ u.c., 2009). Tapéc bioenergijas ciemata izveide var but veids, ka
paaugstinat pievienotas vértibas veidoSanos lauksaimnieciba, ietekméjot arl
lauku iedzivotaju ienakumus.

1.5. Zemes lietojuma dilemma alternativas energijas razoSanai

Energijas razoSana no lauksaimniecibas produktiem nav tradicionala
nodarbe lauksaimniecibas nozarg, tapéc pastav bazas par zemes resursu
lietojuma mainas raditajiem efektiem. Lauksaimniecibas zemes primara
funkcija ir partikas razoSana. Promocijas darba autors $aja nodala, izmantojot
regresijas metodi, veic aprékinus, lai noveértetu lauksaimniecibas zemes
izmantoSanas efektivitati saistiba ar energgtisko augu un partikas produktu
izejvielu audz€Sanu un secina, ka efektivitate ir atkariga no produkcijas veida,
un energijas razo$anu ir iespgjams veiksmigi savienot ar partikas razo$anu.
Sabiedribas ieguvumi no energijas un graudu raZoSanas ir lielaki neka no
energijas razoSanas un lopkopibas, tapéc energijas razoSana 1o
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lauksaimnieciskas izcelsmes produktiem nevar biit par pamatu nepietickamam
partikas nodroSinajumam.

2. ES POLITIKA ATJAUNOJAMO ENERGIJAS
RESURSU IZMANTOSANA

Nodalas saturs darba aiznem 19 Ipp., kurds ietilpst 5 tabulas un 7 attéli.

Promocijas darba 2. nodala veltita ES energétikas politikas analizei, kas
nosaka energijas negativo argjo efektu novérSanas vai kompens€Sanas
praktiskos risinajumus ekonomika. Nodala ieziméti ES energétikas politikas
stratégiskie mérki un pamatvirzieni, kas licla méra vérsti uz integrétaku un
proaktivaku dalibvalstu virzibu uz ilgtsp€jigu energétikas sektoru, izvirzot ES
par pasaules lideri $aja joma ar kopigu un integrétu energétikas tirgu. Tomér
energétikas politika joprojam ir katras dalibvalsts zina, tapéc kopigo mérku
sasniegSanai dalibvalstis izvélas atSkirigus mérku sasniegSanas veidus. Nodala
analiz€ts atjaunojamo energoresursu izmantoSanas normativais regulgjums un
atbalsta programmas $aja joma. Lai iezim&tu energgtikas politikas rezultativos
raditajus, nodala ietverti ari statistiskie raditaji, kas apliecina atjaunojamo
energijas resursu izmanto$anas progresu ES, taja skaita Latvija.

2.1. Politiskais ietvars atjaunojamo energoresursu
plasakai izmantoSanai

2.1.1. Stratégiskie mérki un pamatvirzieni

Kopuma Eiropas Savienibas energgtikas politika ir virzita uz ilgtermina
energétikas mérkiem, kuri pirmo reizi tika noteikti 1995. gada Baltaja gramata
par Eiropas Savienibas energétikas politiku (An Energy Policy..., 1995). Tai
sekoja Zala gramata par Eiropas Savienibas stratégiju droSai apgadei ar
energiju (Towards a European strategy..., 2000) un ari zinojums (Final report
on the..., 2002), kas paredz&ja sasniegt 12% atjaunojamas energijas Tpatsvaru
ES energijas bilancg.

Eiropas Savienibas energétikas politiku var raksturot no Cetriem skatu
punktiem: konkurence, ilgtspgja, efektivitate un klimata parmainas. Katra $1
elementa svarigakie ES politikas dokumenti energétika ieklauti 3. attela, ka ari
noradits So dokumentu darbibas laiks. ES energgtikas politikas tirgus
liberalizacijai atvéleti 3 posmi 1996.-2003., 2003.-2008. un 2008.-2014. gads.
Izveidotas divas Atjaunojamas energijas direktivas. Sie dokumenti galvenokart
attiecas uz konkurétsp&jas veicinasanu. Liels uzsvars ES energétikas politika
likts uz ilgtsp&ju un efektivitati.
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1994 1997 1902 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 ..2020

Tirgusliberalizacja Tirgus liberadizadja3

Tirgus liberalizacija?

Fonkurdtspga

Atjaunnjamas energijas direkfiva - 1

Atjauno am3s enerdijas direkdiva - 2

Tlgtspéja Biodegvielas Direktiva

Efeltivitate Energijas efeltivitites dathibas plans

rergijas efbktivitates damibas plins2

Nacionalais enerdijas efektivitates darbibas plans

Klimats

ES emisiju tirdzniecihas sistéma

F 3
L J
F 3
Y

N ETg fize 1 ETS faze 2 ETS faze 3

Kioto sanmas

1996 1997 1992 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 ..2020

Avots: Panorama of Energy, 2009
3. att. Eiropas Savienibas energétikas politikas attistiba.

Reals ilgtsp€jigas attistibas, vienlaikus ari atjaunojamo energoresursu
izmantoSanas picauguma veicinoSs, virzitajdokuments starptautiskaja telpa ir
1997. gada piegemtais Kioto protokols (UNFCCC), kas paredz Iidz
2012. gadam visam ripnieciskajam valstim panakt siltumnicefekta izraisoSo
gazu emisijas ITmena samazinasanu par 5% salidzinajuma ar 1990. gadu (The
Kyoto protocol...,b.g.).

Eiropas Komisija 2008. gada 23. janvarl naca klaja ar verienigu
priekslikumu paketi Klimata parmainu mazinas$anai: Energija mainigai pasaulei
(Climate Action: Energy for a Changing World), kuras mérkis ir cina pret
klimata parmaipam un atjaunojamas energijas izmantoSanas veicinasana
saskana ar ES saistibam. Priekslikumi paredz par 20% samazinat siltumnicas
gazu emisijas, par 20% palielinat energoefektivitati un palielinat atjaunojamas
energijas izmanto$anu Iidz 20% no kop€ja energijas patérina.

ES dalibvalstu, taja skaita Latvijas, sasniedzamie mérki atjaunojamas
energijas Tpatsvaram kopgja energijas patérina fikseti Direktiva 2009/28/EK un
ir svariga ES energgtikas politikas sastavdala. Lielakais atjaunojamas energijas
Tpatsvars kop&ja energijas bilancé paredz€ts Zviedrija, teju puse no visas
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energijas, Latvija 40% un Somija 38%. Butiba $is uzstadijums ir atbilstosi
proporcionals jau eso$ajam atjaunojamo resursu izmantoSanas potencialam.

Neskatoties uz to, ka ES atjaunojamas energijas veicinasanas politika
balstas uz vienotiem principiem un kopigiem meérkiem, tomé&r katra valsts
izvelas savus politikas veicinasanas pasakumus un atbilstoSus instrumentus,
nemot Vvera atjaunojamas energijas resursu daudzveidibu, valstu vesturisko
attisttbu un citus faktorus. ES atbalsta politikas suverenitate ir skaidra un
pienemama. Tacu ES meérki par vienotu energgtikas politiku un tirgu rada
jautajumu par vienotu ES limena atbalsta politiku.

2.1.2. Tirgus liberalizacijas politika

Atjaunojamo energijas resursu izmantoSanas piecaugums liela méra
nodrosinatu tirgus nepilnibu novérsanu un biitu cel§ uz ilgtspgjigu ekonomiku.
jautajuma svarigumu liecina ar energétikas tirgus liberalizacija (skat. 3. att.),
kur ka nosléguma posms paredz&ts 2014. gads.

Dala no dalibvalstim energijas tirgus liberizaciju isteno nodalot parvades un
sadales operatora pakalpojumus, kopuma nodrosinot efektivus uz tirgu balstttus
energijas sadales principus. Sadu nodali§anas variantu izvélgjusies arT Latvija,
juridiski nodalot parvades sistémas operatoru AS ,, Augstsprieguma tikls” un
sadales sistémas operatoru AS ,,Sadales tikls”, kontroli nodro§ina neatkariga
institlicija — Latvija Sabiedrisko pakalpojumu regulé$anas komisija.

Gazes tirgus liberalizéSana Latvija ir atlikta, pamatojoties uz Latvijas
Republikas un AS ,Latvijas Gaze” ekskluzivu licenci, kura dod tai tiesibas un
pienakumus veikt dabas gazes realizaciju visa Latvijas Republikas teritorija lidz
2017. gada 10. februarim.

ES institiicijas uzsver, ka jaturpina attistit parrobezu starpsavienojumi, lai
nodro§inatu piegadi no visiem energijas avotiem par konkurétsp&jigako cenu
paterétajiem un ripniecibas nozarei Eiropas Kopiena.

Energgtikas tirgus liberalizacijas konteksta jaatzimé atsevisku ES valstu
liela atkariba no Krievijas energijas piegadém, Tipa$i tas attiecas uz Baltijas
valstim.

2.1.3. Normativais reguléjums un atbalsta programmas Latvija

Atjaunojamo energijas resursu tirgu Latvija regulé Energétikas likums un
Elektroenergijas tirgus likums, kas arT nosaka obligati sasniedzamo
atjaunojamo energijas resursu sarazotas energijas Tpatsvaru energijas bruto
patérina lidz 40% 2020. gada saskana ar Direktivu 2009/28. Tomér bitiba
atjaunojamo energoresursu politiku regulé 2010. gada 16. marta pienemtie MK
noteikumi Nr. 262 ,Noteikumi par elektroenergijas razoSanu, izmantojot
atjaunojamos energoresursus, un cenu noteikSanas kartibu”. Tie nosaka kartibu,
kada uznemgjs var kvalificéties, lai pardotu elektroenergiju obligata iepirkuma
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ietvaros, ka arT nosaka formulu, péc kadas aprékinams iepirkuma tarifs
elektroenergijai, kas sarazota no atjaunojamiem resursiem. Vienlaikus
elektroenergijas  razotdjs, kas izmanto atjaunojamos energoresursus
kogeneracijas procesa, var kvalificéties realizét elektroenergiju obligata
iepirkuma ietvaros, saskana ar 2009. gada 10. marta MK noteikumiem Nr. 221
»Noteikumi par elektroenergijas razoSanu un cenu noteik8anu, raZojot
elektroenergiju kogeneracija”. Biatiba atjaunojamas elektroenergijas razotajam
iespgjams kvalificties obligatajam iepirkumam p&c viena no Siem Ministru
kabineta noteikumiem.

Butiskaka atSkiriba ir ta, ka MK noteikumi Nr. 221 regule efektivi
izmantojama siltuma apjomu, turpretim MK noteikumos Nr. 262 siltuma
izmanto$ana nav obligata. IpaSi svarigi tas ir biogazes kogeneracijas stacijam,
ka apliecina to skaita strauj$ pieaugumu Latvija, 1pasi no lauksaimniecibas
resursiem iegiistamas biogazes stacijas.

Vel kada bitiska atSkiriba ir ta, ka MK noteikumi Nr. 262 uzliek pienakumu
sarazot obligati iepérkamo energijas apjomu, bet noteikumi Nr. 221 $adu
prasibu neuzliek. Rezultata vairaki uznéméji bija spiesti mainit konkursa
iesniegtos projektos minétas iekartu jaudas.

Atjaunojamas energijas likumprojekta, kur§ jau ilgus gadus politiskaja
Itmeni tiek apspriests, bet joprojam nav pienemts, vairs netiek paredz&ts
sarazotas energijas apjoma ierobeZzojums. Planots, ka atjaunojamas energijas
cenu noteiks tirgus cena un piemaksas. Tomér promocijas darba autors ap$auba
energijas razotdju sp&ju darboties briva elektroenergijas tirgl, pieméram,
NordPool, tas tomér prasa zinamas papildu izmaksas, kas saistitas ar
tirdzniecibas analizi un realizaciju.

Pasreiz speka esoSie MK noteikumi Nr. 262 un tajos noteiktie
elektroenergijas obligata iepirkuma tarifi, ekspertu veért€juma, ir salidzinosi
augsti, vini atzZime, ka nepiecieSamas izmainas atbalsta sistéma. Tomer jaunais
Atjaunojamo energoresursu energijas likumprojekts neapmierina atjaunojamas
energijas razotajus un ari publisko tirgotaju — AS ,,Latvenergo”.

Likumprojekts sniedz tikai indikativus mérkus attieciba uz siltuma razosanu
un transporta energiju no atjaunojamajiem energoresursiem. Pozitivi javerté
noteiktais pienakums lietderigi izmantot vismaz 50% no sarazota, paspatérina
neizmantota siltuma, kas gan varetu bt griti kontrolgjams pasakums.

Lidztekus Siem atbalsta veidiem ES energgtikas politikas izpildei Latvija
tiek atveéleti nozimigi Iidzekli investiciju programmam, kuras administré
Ekonomikas, Vides un regionalas attistibas, ka arT Zemkopibas ministrijas.
Svarigs investiciju nosacijums ir ministriju veidotais kriteriju saraksts
atjaunojamas energijas razotajiem, atbilstosi savai parraudzibas jomai. Lai gan
katra ministrija cenSas akcent&t krit€rijus, kas atbilst tas specifiskajam jomam
un redz&umam par tam, biittba prasibas ir diezgan formalas. Saméra viegli
izstradat kritérijus v&a vai saules izmantoSanai, pret€ji ir ar biomasas
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izmantoSanu biogazes razoSanai. Tas saistits ar razosanas specifiskajam
prasibam.

Atjaunojamo energoresursu izmanto$anas komplicétiba nav parvertusies
atbalsta politikas ierobezojumos, kas, no vienas puses, ir pozitivi, jo veicinaja
strauju attistibu, no otras puses, $1 strauja attistiba radija jaunas iesp&jas un
draudus, kas ietekm& valsts politiku. Bez Saubam investiciju projekti ir
nepiecieSami jaunu un videi draudzigu tehnologiju ievie$anas fazg, tomér jau
vairakus gadus tiek mekleti risinajumi labakas atbalsta sistémas izveidei un
administréSanai. Biittba jau no 2011. gada 26. maija Ekonomikas ministrija
vairs neorganiz€ konkursus par tiesibam obligata iepirkuma ietvaros pardot
sarazoto elektroenergiju no biomasas, biogazes, saules vai vgja, ka ari tiesibam
sapemt garantétu maksu par uzstadito elektrisko jaudu, bet tiek mekl&ti jauni
risinajumi.

2.2. Atjaunojamo energoresursu izmantoSanu raksturojosie raditaji

Virziba uz atjaunojamo energoresursu Ipatsvara palielinasanos kopgja
energijas bilance, jaatzime, ka atjaunojamo energoresursu patérins ES valstis ir
pieaudzis, tendence norada uz izvirzito strat€gisko merku pildisanu.
Nozimigakais atjaunojamo energoresursu avots ir biomasa, ta nodro$inajusi
apméram 70% no atjaunojamo energoresursu kopapjoma un tai ir visstraujaka
picauguma tendence. Udens energija ir otrs nozimigakais atjaunojamais
energoresursu avots, tas ipatsvars gan pédéjo gadu laika samazinas. VEj$ un
geotermala energija joprojam dod mazu ieguldijumu, lai gan, raugoties absolita
izteiksmé, tas apjomi strauji picaug (Ilgtsp&jiga attistiba Eiropas..., b.g.).

Vertgjot absolitos skaitlos, atjaunojamas energijas apjomi kop$
devindesmito gadu sakuma pieaugusi vairak neka 2 reizes, ta 1990. gada ES 15
valstu grupa atjaunojamas energijas patérin$ bija 65 085 000 toe (naftas
ekvivalenta vienibas) un 72 487 000 toe ES 27 valstu grupa, bet 2008. gada Sie
raditaji bija jau 130 252 000 toe ES 15 un 151 047 000 toe ES 27 valstu grupa.
Lai labak var€tu vertet valstu progresu Kioto protokola fiks€to atjaunojamas
energijas mérku sasniegSana, nepiecieSams novertét saraZzotas atjaunojamas
energijas potenciala izmainas. 4. attéla ieklauta informacija par izmainam
10 gadu cikla — 1999. gads un 2009. gads.
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4. att. SaraZotas atjaunojamas energijas apjoma izmainas
1999.-2009. gada Eiropas Kopienas valstis.

Vislielakais pieaugums saraZotas atjaunojamas energijas apjoma $aja laika
perioda bija Vacija par 243% un Belgija par 233%, bet vismazakais picaugums
Sveice un Norvégija, kuras nav ES dalibvalstis, tatu kuram ir cieSas
ekonomiskas saites ar ES. ES politikas mérku sasniegSanas progress dazadas
valsts ir visai atSkirigs.

Sarazotas elektroenergijas apjomi Latvija no atjaunojamajiem resursiem,
vertgjot pedgjos desmit gadus, ir bijusi mainigi — ap 3000 GWh, rezultati
apkopoti 1. tabula. Liela méra o apjomu ir ietekm&jusas un vél daudzus gadus
ietekmés lielas hidroelektrostacijas, vienlaikus citu veidu staciju pienesums ir
bijis visai niecigs. Var teikt, ka mazo hidroelektrostaciju potencials ir izsmelts,
jo pédgjos gados saraZotas elektroenergijas apjoms no tam ievérojami nav
pieaudzis. Izaugsmes potencials verojams tieSi biogazes un biomasas
izmanto$ana elektroenergijas ieguve.

Biogazes elektrostaciju skaits no 2003. gada pamazam ir paaugstindjies,
sarazota elektroenergijas jauda ipaSi pieauga 2011. gada — par 50 GWh
salidzinajuma ar iepriek3gjo gadu, kas ir turpat uz pusi. Seit japem véra, ka,
ieviesot kadu atbalsta politiku, tas rezultati statistiskajos raditajos verojami tikai
pec 3 Iidz 5 gadiem. Tas ir laiks, kas nepiecieSams pieredzes apgtiSanai, iekartu
uzstadiSanai, resursu apzinaSanai un ieguvei, ka arT administrativas procediiras
veikSanai.
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1. tabula
SarazZota elektroenergija no atjaunojamiem resursiem Latvija
2003.-2011. gada, GWh

xé‘;sa“as 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Hidroelektro- | )00 | 3109 | 3325 | 2698 | 2733 | 3100 | 3457 | 3520 | 2887
stacuas

<IMW 499 |64 |57 |36 |63 |64 |60 |69 |57
. IMW<=

eljauda<=10 | 5 6 5 4 6 6 6 6 4
MW

>10 MW 2212 | 3040 | 3263 | 2659 | 2665 | 3038 | 3391 | 3445 | 2826
Vgja

loktrostacijas | 28 |49 |47 |46 |53 59 |50 49 |7
Biomasas | ¢ 6 6 7 5 5 4 9 13
clektrostacijas

Biogazes |y 135 136 136 |37 |40 |44 |57 | 107
clektrostacijas

Kopa 2339 | 3196 | 3414 | 2787 | 2828 | 3213 | 3555 | 3635 | 3078
Avots: Latvijas statistika, b.g.

Latvijas lidz8ingja politika iesp&ju robezas centusies nodro$inat energijas
resursu cenu stabilitati. Latvija ir otrie zemakie energijas nodokli ES.

Lidz ar atjaunojamo energoresursu plasaku izmantoSanu un S0 resursu
izmantoSanas finansialas atbalsta sistémas izveidi, nozimigi ir noskaidrot, vai,
ievieSot alternativus energijas veidus, tie sp&j konkurét ar esoSajiem un, vai
sabiedriba sp&j maksat par $o resursu izmantoSanu.

Atjaunojama energija, neatkarigi no atjaunojamas energijas veicinasanas
atbalsta politikas, neizbégami ietekm&s majsaimniecibas ka gala paterétajus.
Latvijas politikas veidotajiem jaspgj sabalansét divus meérkus ar pretgjiem
efektiem. No vienas puses, tirgus sistéma jaieklauj fosilo resursu izmantosana
raditie argjie efekti, vienlaikus veicinot atjaunojamo resursu izmanto$anu un
dalgji, 1sa laika skatTjuma, subsidgjot to izmanto$anu energijas razo$ana, rezultata
palielinot cenu un samazinot pieprasijumu. No otras puses, jauznemas ripes par
majsaimniecibam, lai energijas argjo efektu izmaksas neraditu parlieku lielu slogu
majsaimniecibu budzetos, kas varétu radit negativus argjos efektus citos sektoros,
pieméram, veselibas apriipe. Ekonomiska krize Latvija batiski ietekmgja
atjaunojamas energijas atbalsta politiku, jo, pienemot, ja ekonomika butu
turpinajusi attistities, mainit atjaunojamo resursu atbalsta politiku nebtu bijis
sabiedriski tik svarigi.
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3. BIOGAZES RAZOSANAS NOVERTESANA

Nodalas saturs darba aiznem 48 lpp., kuras ietilpst 15 tabulas un 16 attéli.

Promocijas darba 3. nodalu autors velta energijas raZzoSanai no biogazes, kas
ieglita no lauksaimniecibas produktiem. Izstradats biogazes raZzoSanas
simulacijas modelis un veikti tam atbilsto§i matematiskie aprékini biogazes
izmanto$anas ekonomisko un vides efektu novértéSanai. Analizéta modela
pamatuzdevums ir razot biogazi, no kuras kogeneracijas procesa ieguta
elektroenergija ir realizéjamais produkts. Nodala ietvertas skaitliskas vertibas ir
aprékinatas atbilstoSi Latvijas tehniskajiem, ekonomiskajiem un tiesiskajiem
nosacijumiem. Tomé@r aprékini var ietvert arl atkapes, kas lauj novertet
biogazes razosanu pie dazadiem razoSanas nosacijumiem. legiitds vertibas
sakotngji aprekinatas, pienemot, ka pilniba tiek izmantoti mineralmésli, bet
papildu digestata izmantoSanas efekts analiz&ts nodalas pedgja apaksSnodala.
Nodala ietver modela aprékinus, ta principiala shéma paradita 5. attéla.

Vides efekti:
Tehniskie nosacijumi: SEG emisijas
sausnas saturs CO, bilance

biogazes iznakums

optimala jauda energijas bilance

Energijas
razo$ana

NepiecieSamie resursi: 260 kW Ekonomiskie efekti:

zemes apjoms (tiesi) T clekiribas pasizmaksa
zemes apjoms (netiesi) siltuma pasizmaksa
lopu apjoms digestata cena

Avots: autora veidots, izmantojot Nakata, 2004
5. att. Biogazes raZosanas novértéSanas modela principiala shéma.

Attela paraditais biogazes razoSanas novértéSanas modelis paredz 260 kW
elektroenergijas razo$anu kogeneracijas procesa. Sis raditajs var mainities
atkariba no uzstaditajam biogazes iekartam. Autors analiz€é dazadus
lauksaimniecibas izcelsmes substratus, to izmantoSanas lietderibu biogazes
razo$ana, galvenokart vadoties péc substrata sagatavoSanas izmaksam.

3.1. Biogazes raZosanas simulacijas modelis

Pilnigu biogazes razoSanas novért§jumu Latvija pagaidam nav iesp&jams
ieglt, jo $T joma ir salidzinoS$i jauna, maz pétita. Iztrukstot statistikas datiem,
nepiecieSsams ieglt ticamu informaciju, kas lautu izvertet biogazes
izmantoSanas iesp&jas lauksaimnieciba, energétika un regionu attistiba.

Razo$anas modelis biitiba ir razoSanas funkcija, kas ietver lauksaimniecibas
produktu razoSanu (substrata sagatavoSana), biogazes ieguvi, kogeneracijas
procesu, tam visam rezult§joties elektribas un siltuma iegiiSana un realizacija.
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Lidztekus $im procesam veidojas parstradatais substrats jeb digestats, kas talak
var tikt atgriezts saimniekoSanas cikla ka meslojums. Modelis ir pietuvinats
Latvijas Lauksaimniecibas universitates MPS ,,Vecauce” biogazes razoSanas
modelim, kas nodroSina aprekinato vertibu atbilstibu praktiskas darbibas
rezultatiem.

Tehnologiskas Tehnologiskie
Tehnologiskie normattv bartes nomatiil
Bingazes substrita optiraizacija Nepieciedamie m Nepieciedar
. [ zalmasas substrati minerilssli ]
Hepieriedaraie B
substrita
TESs] =  Mepieciefamie Hepieciefarnais
skidrmeslu substrati *  degviclas apjoms
Hepieciefarnais  J e Telmologiskie
ZeMES Apjors norteattl
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Avots: autora veidots
6.att. Biogazes razo$anas simulacijas modela aprékinu blokshéma.

Modela pamats ir zeme, uz kuras audzé kultiraugus tris nozarém: energijas
razosanai, lopkobibas un augkopibas nozarém. Modelis paredz tris nosacitus
razoSanas lokus, kas integréjas kop€ja nosaciti slégta sistéma caur energijas
razosanu jeb konkréti substrata sagatavoSanu. Pirmais loks ir biogazes
razo$ana, kas rezultgjas biogazes realizacija vai turpinas kogeneracijas procesa,
iegistot produktus (elektroenergija un siltumenergija) realizacijai. Loku
noslédz digestata izmantoSana, ko izmanto augsnes méslosanai. Otrais loks ir
lopkopibas produktu razosana. Modela ietvaros netiek aprékinats ieguvums no
piena un galas realizacijas, jo tiek piepemts, ka lopkopibas un energijas
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razo$ana butiski nekonkuré viena ar otru, bet gan papildina. Vienojosais
elements ir kult@raugi, ko var izmantot gan lopkopibai, gan energijas razo$anai,
bet kiitsmeslu izmantosana biogazes ieguve tiek uzskatita par lauksaimniecibas
nozarés ekologijas reabilité§joSo faktoru. Pret§ja situacija ir augkopibas
produktu razosana, kur atkariba no produktu cenam var veidoties ieksgja
konkurence starp lauksaimniecibas apak$nozarém, kas var radit papildus
pieprasijumu péc zemes. Biogazes energijas razoS$anas modela aprekinu
blokshéma attelota 6. attéla.

Simulacijas modela pamata ir optimals substrata maisfjums, kas iegits,
sastadot optimizacijas uzdevumu. Substrata veidi nosaka nepiecieSamo zemes
apjomu, tehnologijas, iegiitas/pateérétas energijas apjomu, importa aizvieto$anas
vertibu, ka arT radito SEG emisiju apjomu. Importa aizvietoSanas vertiba
veidojas no ietaupito fosilo mineralméslu apjoma, ko kompens€ parraudzeta
substrata — digestata izmantoSana kultiiraugu meésloSana, tapec svarigi noteikt
digestata tirgus vertibu. Bez tam importa ietaupijums rodas no viet€jo resursu
izmanto$anas, kas neprasa energijas resursu importu.

3.1.1. Energétisko augu audzesanas izmaksu modeléSana

Energijas razo$anai fermentacijas cela ka izejvielu var izvéléties saméra
plasu biomasas spektru. Promocijas darba autors nosakot optimalo substrata
maisijumu aprékinos ieklauj gan lopkopibas atlikumus — kitsméslus, gan
dazadus energgtiskos kultiraugus. Simulacijas modeli augkopibas substratam
nepiecieSamie aprékini balstas uz audzeSanas izmaksu aprékiniem, nemot véra
zinatnieku un praktiku veért§jumu par iesp&jamam razibam pie noteiktam
tehnologiskajam kartem. Sadu pieeju promocijas darba autors pamato ar augu
razibas griiti model&jamajiem faktoriem, ko ietekmé& klimatiskie apstakli, s€jas
laiks, novaksanas laiks. Petljuma razibas ir pienemtas saskana ar zinatnieku
(A. Adamovica) un zemnieku vertgjumu.

Energgtisko augu audzg$anas izmaksu salidzinajums uz zalmasas iznakumu
ir tikai nosacits starpposms, lai spetu izvertet salidzino$as izmaksu
prieksrocibas. NepiecieSams nemt véra sausnas iznakumu, biogazes ieguvi no
sausnas, metana saturu sausna. Tomér, lai varétu salidzinat augu energétisko
vertibu, tiek izmantotas atzinas no A. Kalnina, Dz. Merfija (J. Murphy et al.),
ka arm Z. Gailes, J. Bartusevi¢a, V. Dubrovska un citu zinatnieku rakstiem.
Rezultata izveidots salidzinoSs att€ls, kura promocijas darba autors parada
energétisko augu aprékinata energétiska potenciala teorétisko energijas ieguvi
no viena hektara un §Ts energijas vienas vienibas vértibu latos (skat. 7. att).
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7. att. Iegiistamais energijas potencials un ta izmaksas dazadiem

energétiskajiem kultiraugiem Latvija, kWh ha; LVL kWh™.

Neskatoties uz augsto energétisko vertibu, graudus izmantot biogazes
ieguvei kaveé gan salidzino$i augstas energijas vienibas izmaksas no 0.029 LVL
kWh™ ziemas kvieiem lidz 0.042 LVL kWh' ziemas rudziem, gan zemais
energijas teorétiskais ieguvums no hektara — 12 Iidz 19 tikstosi kWh ha™ (skat.
7. att.). Kukuriizai pie razibas 50 tha” ir lielisks kop@jais energijas iegums
52 taksto$i kWh no 1 ha pie zemas energijas vienibas cenas — 0.012 LVL
kWheo . Apliecinot kukuriizas razibas augsto nozimi, energijas ieguvums pie
razibas 30 t ha ™' ir krietni mazaks — 31 tiikstotis kWh no 1 ha, kas samérojams
ar daudzgadigo zalaju raditajiem, bet augstakas ir energijas vienibas izmaksas
0.014 LVL kWhy,, .

Savukart 7. att€la paraditie analiztie daudzgadigie zalaugi, tapat arl
saulgriezes, izcelas ar augstu energijas ieguves teorétisko potencialu no 1 ha,
galegai tas sasniedz 49.4 tikstoSus kWh, saulgriezei 46.8 tiukstoSus kWh.
Augsts Sis raditajs ir arT rapsim 49.9 tikstosi kWh, ja tas izmantots ka zalas
masas augs. Bet, ja Sie augi tiek verteti no izmaksu pozicijam, tad visletako
energiju var iegiit no galegas — 0.009 LVL kWh™ energijas un saulgriezém —
0.011 LVL kWh'. No vértétajiem daudzgadigajiem zalaugiem visdargaka
energija iegiistama no miezabrala 0.017 LVL kWh™.

Izvertgjot Sos raditajus, ka perspektivakas izvirzas tris kulturas — kukurtiza,
galega, saulgriezes, ka ar1 lucerna. Pie tam kukuriizas audz&Sana attaisnojas
intensivas audze$anas tehnologija, kuru realizgjot iesp&jams iegiit zalas masas
razu 50 tha™.
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3.1.2. Substrata fermentacija un biogazes ieguve

Biogaze ir anaerobas fermentacijas rezultata iegiits gazveida kurinamais,
kas sastav no 50-70% metana (CHy), 30-40% oglekla dioksida (CO,) un citiem
komponentiem, pieméram, N,O, O,, NH,, H,S. Biogazi ir iespgjams iegit
dabiska procesa purvos, kiidras purvos un atkritumu izgaztuves, ka ari,
izmantojot specialus raudz&tajus, no kitsmesliem, notekiideniem, zalas
biomasas un atkritumiem, kas biologiski sadalas. legtitas biogazes energgtiska
vértiba parasti ir intervala 5-7 kWh m™.

Dazadiem lauksaimnieciskas izcelsmes substrata veidiem ir atskirigi
raditaji, kas raksturo iespg&jamo biogazes iznakumu, metana saturu substrata un
sausnes saturu, janem véra fermentacijai nepiecieSamais laiks. Lidz ar to ari
substrata vienas vienibas izmaksas ir visai atSkirigas.

Bez substratu raksturojoSiem lielumiem, izvE€loties optimalo substrata
maisijumu, jagem vera biogazes fermentera tilpums un pielaujamais sausnes
saturs, kas nepiecieSams, lai nodroSinatu optimalus biokimiskos procesus.

3.1.3. Optimala substrata maisijuma noteikSana

Biogazes fermentacijas procesu razotnes ietvaros ierobezo virkne faktoru,
kuri japem véra, lai ieglitu optimalo substrata maisijuma recepti.
Nepieciesamos nosacijumus var izteikt, k& nosacijumu sist€ému (1.) un izrékinat
ka optimizacijas uzdevumu, tada veida iegiistot optimalo substrata daudzumu
un maisfjuma attiecibu.

X + X, + X, +..aX, =b
€X, +6X, +6X; +..6X, > (1)

X, + X, + X, a
X+ Xy + X +..X, = X
kur a — elektroenergijas normativs no substrata veida, kWh t ' diennaktT";
b — kogeneracijas stacijas maksimala jauda, kWh diennakti ';
€ — sausnas saturs substrata, %;
g — optimalais sausnas saturs fermentert, %;
x — optimalais substrata veida apjoms, t diennaktT,
X — maksimalais iesp&jamais substrata pievadiSanas apjoms, t diennakti.

Elektroenergijas ieguves normativs a; un sausnas saturs substrata e; ir
atkarigi no substrata veida — i.

Optimizacijas uzdevuma promocijas darba autors ietvéra energijas apjoma
nosacijumu, ko ietekmé kogeneracijas stacijas jauda. Elektroenergijas razoSana
tiek uzskatita par pamatdarbibas veidu, Iidz ar to, pieméram, digestata
mineralvielu vertibam netiek pieskirta butiska nozime.
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Modelésanai izmantoto substratu pamatraditaji

2. tabula

Substra . - - graudi kukuriizas zales

ubstrata veids Skidrmesli (Zle.mf's skabbariba skabbariba
kviesi)

Elektroenergijas

normativs (ax), kWh t'! 39.00 1085.00 350.00 254.00

Sausnas saturs, % 7.00 87.00 33.00 35.00

Substrata cena, LVL t! 2.00 113.00 20.57 30.18

Avots: autora aprékini izmantojot Vecauce, 2012; Kalnins, 2009

Vislétakais substrats ir Skidrmésli, bet nemot véra pielaujamo apjomu diena,
kas izriet no substrata optimala fermentESanas laika, iegiist tikai apm@ram
treSdalu nepiecieSamas jaudas. Parauga pieméra tas bitu, ka parstradei
nepiecieSamas 55 tonnas Skidrméslu dotu tikai 2145 kWh elektroenergijas
jeb 34% no nepieciesamas jaudas — 6240 kWh diennaktt. Ta ka svarigakais
nosactjums netiek izpildits, $1 alternativa nav optimala. Optimala maisijuma
recepte buitu 12.7 tonnas (22%) kukuriizas skabbaribas un 46.1 tonnas (78%)
Skidrméslu, $ada attieciba lautu sasniegt nepieciesamo jaudu, ieklaujoties
izveleta bioreaktora tilpuma ierobezojuma, tomér nesasniedzot nepiecieSamo
(17%) vidgjo sausnas saturu. Promocijas darba autors ir aprékinajis $ada
substrata maisijuma kopé&jas izmaksas, un tas ir 353.26 LVL diennakti jeb
0.057 LVL kWh' elektroenergijas.

3.1.4. NepiecieSamas lauksaimniecibas zemes modeléSana

NepiecieSamas zemes aprékins ir atkarigs no energétisko augu razibas, no
potencialas jaudas, kas iegiita no attieciga izejvielas substrata, no sausnas
satura, no lopu skaita un to veidiem. Skidrméslus var uzskatit par blakus
produktu partikas razoSanai, tapéc majlopu vajadzibam izmantota
lauksaimniecibas zeme var tikt ieskaitita nosaciti.

NepiecieSamais substrata daudzums optimizacijas modelt tika aprékinats
1 diennaktij, tade] nosakot kop€jo substrata apjomu nepiecieSams aprekinat to
daudzumu, kas nepiecieSams, lai nodroSinatu elektroenergijas Iiguma
paredzetas 8000 h gada.

Péc tadas pasas metodes autors aprékina nepiecieSamo substrata apjomu no
energtiskajiem kultdraugiem. Lai nodroSinatu elektroenergijas razo$anu
atbilstoS§i liguma paredz€tajam apjomam, nepiecieSams 4233.3 tonnas
kukurtizas skabbaribas un 15366.7 tonnas skidrmeslu.

Zemes apjomu, kas nepiecieSams, lai sagatavotu kukuriizas skabbaribu,
aprékina vienkarsi izdalot nepiecieSamo skabbaribas apjomu ar vidgjo razibu
saimnieciba, kas ir 50 t ha”'. Tad iegiist, ka skabbaribas substrata sagatavosanai
nepieciesams 84.7 ha lauksaimnieciba izmantojamas zemes (260 kW, jauda).
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Sarezgitak ir aprékinat zemes platibu paredzéta substrata ieguvei no
Skidrmésliem. Sakuma jaaprékina nepiecieSamais liellopu skaits, kas spgj
sarazot nepieciesamo Skidrmeslu apjomu. Aprékins izriet no iepriek$gja nodala
aprakstitas metodes un iegiistams sareizinot esoSo govju skaitu ar skidrmeslu
ieguves normativu, vai iespgams arl uzskaitit kop&o Skidrméslu apjomu.
Aprekinos tiek izmantots, ka no liellopa ieglst 22 t Skidrm&slu gada, tad
modela uzdevuma gadijuma Skidrme&slu substrata sagatavosanai nepiecieSamas
698 govis, pec tam autors aprekina vienai govij nepiecieSamo lauksaimniecibas
zemes platibu, kas atkariga no liellopu audz&$anas tehnologijas un
intensifikacijas pakapes.

Nemot véra nosacljumus vienas govs baribas nodrosSinasanai, nepieciesams
0.978 ha lauksaimniecibas zemes, sareizinot ar govju skaitu, iegist
nepiecieSamo zemes platibu 683.4 ha.

Kopa nepiecieSams 768 ha lauksaimniecibas zemes, lai slégta rezima
saimnieciba spétu nodroSinat 260 kW, Kkogeneracijas stacijas darbibu,
japiezimé, ka lielaka dala jeb 91% izmantotas zemes paredz€ta lopkopibas
sektora nodrosinasanai.

3.1.5. Biogazes razoSanas energijas bilance

Energijas izmanto$anu var iedalit tieSaja un netieSaja energijas lieto$ana.
Tiesas energijas izmanto$ana ir energija, ko var izteikt tie$i energijas vienibas
(degviela, smérvielas, elektriba), turpretim netieSo energiju (augu aizsardzibas
lidzekli, méslojums) nevar $adi izteikt.

Aktivitates apjomu / Aktivitates kvalitati \ Kvalitative apjomn
rakstur ojosie lielnmi raksturojosie lielumi raksturejoss
L . . s lielumns
Izlictotas cleg\"uflas " N Degvielas zemal:;}
apjoms, | ha - v silbumspgja, MIT I > . _ ..
L Pl Izlietotas energijas
- - ™ » - — apjoms, kas
Izlietoto mineralmeslu Mineralmeslu energetiska nepieciedams
apjoms, kg ha! vertiba, MT kg > kukuriizas
skabbaribas
Izlietoto augu Izlictoto augu aizsardzibas subsiriita
aizsardzibas lidzeklu “~— lidzeklu energetiska sagatavosianai un
apjoms, g vertiba, MT I »  parstidel biogaze,
1hat i MT ha'!
ot q T = R
Izlletota‘su T Konvertacija KWLM N
elektroenergijas ‘= >
apjoms, KWh ha

AN

Avots: autora veidots
8. att. Izlietotas energijas apréekinasanas shéma substrata sagatavoSanai un
parstradei biogaze no 1ha lauksaimniecibas zemes.
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Bitiba energijas bilanci var aprékinat, saskaitot patéréto degvielas un
elektroenergijas apjomu, ka ari kopgjo iztéréto energijas apjomu resursu
iestradei lauksaimniecibas produktu razosana un transportésana.

Energijas bilanci raksturo izlietotas un iegiitdas energijas attieciba jeb
energijas efektivitates koeficents Ey, ko autors saskana ar 8. att€la redzamo
shému aprekina p&c formulas:

Ek — Eieg , (2)

Qdegv. * Rdegv. + Qminerélm. * Rminerélm. + Qaizs. * Raizs + Eel. * Rel.

kar E, - energijas efektivitates koeficients;

Ei;, — mno viena hektara saraZotas biomasas iegiitas biogazes
primaras energijas daudzums, kas tiek aprékinats, sareizinot
iegiitas biogazes daudzumu ar biogazes zemako siltumspgju,
MJ ha'l;

Quegv. —  degvielas apjoms, kas nepiecieSams, lai izaudzetu, novaktu un
transportétu kukuriizu uz biogazes razoanas vietu, 1 ha™;

Ryegv. —  degvielas zemaka siltumspéja, MJ I

Qumineraim— Mineralméslu  apjoms, kas nepiecieSams, lai izaudzetu
kukuriizu, kg ha™';

Riineralm— primarais energijas patérin§ mineralméslu sagatavosanai,

MJ kg

Q.. — augu aizsardzibas lidzekli, kas nepiecieSami, lai izaudz&tu
kukuriizu, | ha™';

R, — primarais energijas patérin§ augu aizsardzibas lidzeklu
sagatavoSanai, MJ 1';

Eg — elektroenergijas patérins, MJ;

Ry — elektroenergijas primaras energijas saturs, MJ MJ™,

Promocijas darba autors aprékinus veic péc divam kukurlizas zalas masas
audz€Sanas tehnologijam: intensiva audzeéSanas tehnologija, kuru izmantojot
iesp&jams iegiit kukuriizas razibu 50 tha” un mazak intensivo tehnologiju,
jeglistot razibu 30 tha”. Veicot aprékinus nepieciesams izmantot vairakus
normativus, pienmumus un pielidzinatos aprékinus, ar tiem tuvak var
iepazities promocijas darba. Aprékinu pamata ir vairaku zinatnieku teorétiskie
un praktiskie p&tijumi, tadu ka Gerina (Gerin), Dalgarda (Dalgaard), Romaneli
(Romanelli), Milana (Milan),Posla (Péschl), Adamovic¢a, Dubrovska u.c.
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9. att. Izlietotas energijas struktiira biogazes raZosanai no kukuriizas
skabbaribas, ievérojot kultiiras razibu, MJ ha™.

Izlietotas energijas. Ievietojot iegiitas vertibas energijas bilances aprékina
formuld, iegiist, ka nepieciesama energija pie razibas 50 tha™ ir 28 051
MJ ha™, bet pie razibas 30 t hair 18 315 MJ ha™. Rezultatu apkopojums un
sadaltjums ir attelots 9. attela.

Izlietotas energijas apjoms pie zemakas razibas ir par 35% mazaks
salidzinajuma ar energijas izlietojumu pie 50 t ha” raibas. Rekinot uz vienu
kukuriizas za]masas tonnu, iegiist 561 MJ t” pie razibas 50 t ha” un 610 MJ t*
pie razibas 30 t ha”'. Apstiprins intensivas biomasas razoanas prieksrocibas,
neskatoties uz augstaku Tpatn§jo energijas patérinu uz vienu LIZ vienibu,
augstaka raziba ir energoefektivaka. Sis aprékins ieklauj gan substrata
sagatavo$anu, gan energijas razoSanu, tapéc uztverams ka starprezultats.
NepiecieSams novertét patérétas un iegiitas energijas attiecibu, kas lauj izdarit
mérktiecigakus secinajumus.

Iegiita energija. Aprekins balstas uz diviem lielumiem. Pirmkart, ir
nepiecieSams noteikt biogazes iespgjamo iznakumu no vienas tonnas kukurtizas
zalmasas, otrkart, noteikt biogazes energgtisko vértibu. Ja pienem, ka no tonnas
svaigas kukuriizas masas var iegit 180 m’ biogazes, biogazes zemaka
siltumspgja ir 21.6 MJ m’, tira metana — 35.9 MJm’ (Smigins, 2008), tad
parstradajot 1 t kukurfizas zalas masas iegst 3888 MJ energijas. Pie razibas
50 t ha™' iegiist 194 400 MJ ha™'un pie razibas 30 t ha” iegiist 116 640 MJ ha™
(skat. 10. att.). Citi autori (Adamovic¢s u.c., 2009) norada, ka no kukuriizas
iespgjams iegit, parstradajot biogaze, 36901 kWh ha™ lidz 46126 kWh ha™' jeb
132 843 lidz 166 053 MJ ha'. Saja energijas bilancé promocijas darba autora
aprekinatas vertibas ir plasaka intervala, jo aprékinatas pie atSkirigam razibam,
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bet Adamovica un kolégu aprékinatas vertibas varétu bit pie kukuriizas razibas
ap 40 tha™.

Energijas bilances novértéjums. Ka §is apak$nodalas sakuma tika minéts
energijas bilance biitiba ir izlietotas un iegiitds energijas attieciba. Ievietojot
energijas bilances aprékina formula iegiitos raditajus (skat. 10. att.):

1) iegiitas energijas attieciba pret izlietoto ir 1 pret 6.38 pie razibas 30 t ha™;

2) 1pret6.93 pie razibas 50 tha'. Tas nozimé, ka, patérgjot vienu

energijas vienibu, preti var sapemt lidz septinam reizém vairak

energijas.
116640
kukuriizasraziba 30 t/ha
18315
] 194400
28051

0 50000 100000 150000 200000 250000

M.J/ha
W jegiita energija izlietota enerdija

Avots: autora veidots
10. att. Iegiita un izlietota energija biogazes raZzosanai no kukuriizas,
ieverojot kultiiras razibu, MJ ha™.

Posla un kolégu pétijuma secinats, ka energijas bilance salidzino$i primaras
energijas ievades un izlaides attieciba (Primary Energy Input and Output ratio),
svarstas atkariba no substrata veida un transport€Sanas attaluma, un ir 10.5 -
64% robezas (Poschl et al., 2010). Promocijas darba autora iegilitais energijas
bilances rezultats ir Iidzigs ka p&tjjumos Vacija, lai gan ir nelielas atskiribas
metodika un izveletajos nosacijumos par transportésanas attalumu.

Energijas attieciba liecina par raZoSanas ekonomiskas jégas esamibu, jo
izlietotais energijas apjoms ir ievérojami mazaks neka iegiitais energijas
apjoms. Tapat apstiprinas ieprieks teiktais, ka, ieverojami intensificgjot
razoSanu ar augstakam meésloSanas normam, var iegiit augstaku energétisko
iznakumu uz vienu lauksaimniecibas zemes vienibu. Protams, So secinajumu
nevajag absolutizét, tas jasaskano ar agronomijas zinatnes atzinam par
méslosanas intensitates un razas iznakuma iespgjam.
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3.1.6. Siltumnicas efekta gazu apjoma novértéjums biogazes raZosana

Promocijas darba autors S$aja apaksnodala veic SEG bilances aprekinu,
aprekini lauj novertet SEG bilanci pie divam kukuriizas audzesanas
tehnologijam. SEG bilances aprékinasanas metodes vizuala shéma ir lidziga
izlietotas energijas shémai (skat. 8. att.). Aktivitates apjomu raksturojosie
lielumi ir tadi pasi, atSkiras aktivitates kvalitati raksturojosie lielumi, kas Saja
gadfjuma saistiti ar SEG emisiju apjomu. Aprekinos saskaitamos veido
aktivitates apjomu raksturojoss (litri, kg, kWh u.c.) reizinatajs un aktivitates
kvalitati raksturojoss (kg CO,eq kg™, kg CO,eq m™ u.c.) reizinatajs. Siltumnicas
efekta gazu emisiju bilanci var aprékinat, reizinot aktivitates ITmeni ar emisijas
faktoru izteiktu CO, ekvivalenta vienibas, attiecinot pret augu piesaistito CO,
apjomu (EMjc, ). Analitiska izteiksmes veida formula ir $ada:

EMi = (Quaegv. * EFdegy. + Qmineraim.® EFmineratm.+ Quizs. *EFuizs. + Qo EFel. + Qbiog. * EFdedz.)- EMicg.,

3)
kur

EM — raditais SEG emisiju apjoms, kg COxeq ha;

EMie,, — piesaistitais CO,eq apjoms (kukuriiza), kg COyeq ha;

Qudegv. — degvielas apjoms, kas nepieciesams, lai izaudzgtu, novaktu
un transportétu kukuriizu uz biogazes razosanas vietu, 1 ha™';

EFg.  —degvielas emisijas faktors, kg COyeq I

Qumineraim,  — Mineralméslu apjoms, kas nepiecieSams, lai izaudzetu
kukuriizu, kg ha™;

EF ninersim. — mineralmeslu emisijas faktors, kg COxq kg

Qaizs. — augu aizsardzibas lidzekli, kas nepiecieSami, lai izaudzetu
kukuriizu, | ha™;

EF,i. — augu aizsardzibas Iidzeklu emisijas faktors, kg COxq I

Q... — elektroenergijas apjoms, kWh ha™';

EF,. —elektroenergijas raksturigais emisijas faktors Latvija,
kg CO,eq kWh'';

Qbiog. —no viena ha ieglistamais biogazes apjoms, audzgjot
kukuriizu, m® ha™';

EF ez — biogazes sadedzinasanas raditdas CO, emisiju apjoms

(normativa vértiba), kg CO, m™.

Rezultati apkopoti atbilstosi pa saskaitamo pariem, kas veido kopgjo radito
SEG apjomu. Savukart, lai izveidotu bilanci, nepiecieSams aprékinat augu
piesaistito CO, apjomu, ko patére fotosintézes procesa.

Raditas SEG emisijas. Summgjot kopa radito SEG emisiju apjomu visa
biogazes razoSanas cikla, sakot no kultiraugu izaudzeSanas un beidzot ar
biogazes sadedzinasanu, iegiist, ka kopuma tiek sarazots 14340 kg CO, ha™ pie
razibas 30 tha’ un 23565 kg CO,ha'pie razibas 50 tha”'. Rezultiti pa
atseviSkiem sarazotajiem CO, apjomiem apkopoti ir 11. attela.
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Lielako dalu emisiju rada biogazes sadedzinsana 9720 kg CO,ha” un
16200 kg CO, ha!, kas ir nedaudz zem 70% no kopgjam emisijam. Nakama
lielaka radito emisiju grupa ir mineralm@slu razosanas un izmantoSanas
emisijas, kas veido vairak neka 23% no kop&jam emisijam. [zvert&jot emisijas
uz kukuriizas zalas masas vienibu jasecina, ka emisiju apjoms svarstas nedaudz,
pie razibas 30 t ha™ ir 478 kg COgqt”, pie razibas 50 t ha'471.3 kg COyeqt™.
18000 -
16000
14000
12000
10000 - 9720
8000 -
6000 -
1000 3374

690

bl 4
20007 407 495 432 86 86 321536
0 —_— - _—

16200

kg CO;/ha

5608

transports  mineralmesli  slapekla augu elektiiba biogazes
okstds aizsardziba sadedzinasana

kukinriizasraziba 30t mkukwriizasraziba S0t

Avots: autora veidots
11. att. SEG emisiju apjoms biogazes ieguves procesa no kukuruzas
skabbaribas, kg CO,eq ha™.

Pamatojoties uz to, ka pamatprodukcija ir energija, arkartigi svarigi
aprekinat kop&jo SEG emisiju apjomu uz vienu energijas vienibu. Lai sarazotu
1 MJ energijas, tiek raditi 122.9 g COyq pie razibas 30 t ha' un 121.2 g COyq
pie razibas 50 t ha™'. Jasecina, ka kultiiraugu raziba bitiski neietekmé radito
SEG emisiju apjomu. Aprekini akcenté biogazes sadedzinasanas procesa un
méslosanas lidzeklu lielo ietekmi uz ilgtsp&jigu biogazes razoSanu. Tapéc
digestata lictoSana ir svarigs faktors biogazei nepiecieSsama substrata audzésana
ne vien ka ekonomiskai svarigs nosacijums, bet arT ka energétikas un vides
ieguvums.

Fotosintézes procesa piesaistitais CO, apjoms  Energétisko augu
izmanto$anai energétika ka butisks vides ieguvums ir ne tikai fosilo resursu
aizvieto$ana, bet ari1 SEG piesaistiSana, kas notiek auga fotosint€zes procesa.
Piesaistito CO, apjomu var aprékinat sareizinot sausnas daudzumu ar CO,
piesaistes faktoru.

Tiek pienemts, ka kukuriizas sausnas saturs zalaja masa ir 33%. Tas dod
rezultatu, ka no ha iegiist 9.9 t ., ja zalas masas raziba 30 t ha'un16.5t sausns
jaraziba 50 t ha™.
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Otra nepiecieSama lieluma CO, piesaistes faktora (PFy,) aprékinasanai
nepiecieSami dati no lauka noveérojumiem, kuru promocijas darba autoram nav,
tapeéc autors izmantos jau zinatniskaja literatira minétus CO, piesaistes
faktorus. Kukuriizas skabbaribai pienemtais CO, piesaistes faktors ir
17745 kg CO,ha™' pie sausnas razibas 13 tha” (Chianese et al., 2009) jeb,
sadalot uz vienu sausnas masas vienibu, 1365 kg CO,t DM ha'l, bet sadalot uz
vienu energijas vienibu, no ha iegist 0.114 kg CO,MJ"ha'. Izmantota
pétljuma autori balstas uz novérojumiem ASV, emisiju piesaistes faktors ir
zemaks neka Latvijas zinatnieku Adamovi¢a un kolégu pétijuma, kur tas ir
0.1767 kg COxeq MJ'ha'! pie razibas 40tha’ kukuriizas zalmasas. Tas
nozimé, ka teoretiski kukuriza Latvija piesaista vairak CO, neka ASV, ko
promocijas darba autoram izskaidrot ir griiti. ASV veiktaja petfjuma raziba
izteikta sausnas vienibas, bet Latvijas p&tfjuma zalmasas vienibas, rezultati ir
aptuveni salidzinami. Nemot ve&ra piesardzibu, lai neraditu pretenciozu
prieksstatu par biogazi ka ilgtsp&jigu produktu, autors izvel€sies mazako no
vertibam, kas ir 1365kg CO,t DM ha”. Iegitos lielumus var ievietot
vienadojuma un aprékinat piesaistito CO, apjomu. Pie raZibas 30 tha
kukuriizas zald masa piesaista 13513.5 kg CO,ha™, bet pie razibas 50 t ha™
kukuriizas zala masa piesaista 22522.5 kg CO, ha™.

SEG bilance. Nodala iegtitie aprékinatie rezultati ir apkopoti 3. tabula.

3. tabula
SEG emisiju bilance energijas ieguvei no biogazes,
izmantojot kukuriizas substratu
Raditi Raditi Raditi Raditi
SEG emisiju avots kg COgeq g COgq kg COgeq g COyq
ha™ MJ* ha™* MJ*
Kukuriizas raziba 30 t ha™™ | Kukuriizas raziba 50 t ha'
Transports un
traktortehnika 406.9 3.5 495.2 2.5
Mineralmesli (N 34.4; NPK
16-16-16) 3373.9 289 5558.3 28.6
Mineralmésli (N,O) 432.2 3.7 689.7 3.5
Augu aizsardzibas lidzekli 86.3 0.7 86.3 0.4
Elektroenergija 320.8 2.8 535.6 2.8
Biogazes sadedzinasana 9720.0 83.3 16200.0 83.3
KOPA radits COneq: 14340.1 122.9 23565.1 121.2
Fotosintezes procesa -13513.5 1159 | 225225 -115.9
piesaistitais CO,
SALDO 1 826.6 7.0 1042.6 5.3
Fosilas energijas o 85.0 « 85.0
komparators
SALDO 2 x -78.0 X -79.7

Avots: autora veidots

38




SEG apjoma aprekina uz vienu MJ nemts véra, ka no viena ha tiek iegiti
116640 MJ energijas pie razibas 30 t ha™' un 194400 MJ pie razibas 50 t ha™.
Fosilas energijas kurinama komparators kogeneracijai, rékinot energijas
ietaupfjumu saskana ar Direktivas 2009/28 5. pielikuma C dalas 19. punktu, ir
85 g COpeMI™.

Saskana ar iegito SEG emisiju bilanci biogazes izmantoSanas cikla, kas
iegiita no kukurlizas substrata, papildus tiek sarazoti 7 g COyq MIJ"! pie razibas
30tha’ un 5.3 g COy¢q MJ"' pie razibas 50tha’. Salidzinot biogazes
izmanto§ana radito CO,., apjomu ar fosilas energijas komparatoru, iegiist
negativu vertibu. Tas nozimg, ka pilna energijas razoSanas cikla, kura no
kukurtizas skabbaribas substrata tiek ieglita biogaze, bet péc tam kogeneracijas
procesa iegita elektroenergija, CO, tiek radits vairak neka piesaistits
fotosintézes cela.

Lai ar1 papildus sarazotas CO, vertibas parsniedz fotosintezes cela
piesaistitas vertibas, tas tomer ir salidzino$i nelielas, ja salidzina ar fosilas
energijas izmantoSanas emisijam. Radito SEG emisiju attieciba pret
fotosintézes cela piesaistito CO, ir 1 : 0.94 pie kukuriizas razibas 30 t ha™' un
1 : 0.96 pie razibas 50 t ha'. Batiba is process ir tuvs neitralam.

3.1.7. Sarazotas energijas apjoms un izmaksas

Energijas raZzoSanas izmaksas sastav no mainigajam un fiksétajam
izmaksam. Simulacijas modeli ietverto izmaksu sadalfjums paradits 4. tabula.
Mainigo izmaksu pamatkomponente ir substrata izmaksas, kas saskana ar
optimizacijas modeli ir 353.26 LVL diennakti jeb 128 939.90 LVL gada.
Apkalposanas un uzturgSanas izmaksas sastav no darbaspéka izmaksam,
bioreaktora uzturéSanas izmaksam, substrata iekrauSanas izmaksam.

Saimnieciskas darbibas analize lauksaimnieciba pielauj dazadus uzskaites
variantus iek$gja patérina raksturoSanai, kas var dot arT atskirigus rezultatus.
Uznémuma vaditajs, atkariba no vajadzibas un tirgus situacijas, konkuré gan
galas, gan piena, gan augkopibas produktu tirgl, un energijas razoSana ir
uznémuma darbibu stabilizgjoss faktors.

Energijas razo$ana svarigs raditajs ir izmaksas uz vienu energijas vienibu,
ko veido sarazota elektroenergija un lietderiga siltuma energija simulacijas
modeli. Kopgjais sarazotais energijas apjoms ir 3 559 215kWh gada.
Aprékinatdas  izmaksas uz  vienu  energijas  vienibu  paraditas
4. tabulas 4. kolonna. Nozimiga izmaksu komponente ir fiks€tas izmaksas,
kuras lielako dalu veido maksajumi par kogeneracijas staciju, ka ari substrata
izmaksas, kuras veido turpat pusi no kop&jam izmaksam. Kopgjas izmaksas —
0.076 LVL kWhyiusgelel. NEVAr pielidzinat realizacijas cenai, jo ietver sevi
elektroenergijas un siltuma energijas kop&jo cenu. Praktiski tie ir dazadi tirgi,
tapec cenas un izmaksas jasadala siltuma un elektribas izmaksas un realizacijas
cena.
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4. tabula
Simulacijas modela saimniecibas energijas raZoSanas
izmaksu sadalijums, gada

Izmaksas uz
K Izmaksas uz Izmaksu

Izmaksu veids |zmaksu jaudas vienibu energijas ipatsvars

summa, Ls LVL KWt ? vienibu, LVL % '

e KWhiierd sgelek

Fiksetas 82 000 315.38 0.023 30.5
izmaksas
Mainigas izmaksas
Substrata 128 940 495.92 0.036 47.9
izmaksas
Darba izmaksas 23 000 88.46 0.006 8.6
Pakalpojumi un 17 000 65.38 0.005 6.3
preces
Substrata
parvietosanas 18 000 69.23 0.005 6.7
tehnikas
izmaksas
KOPA: 268 940.00 1034.37 0.076 100.0

Avots: autora aprékini

Eksergijas praktiska aprékinasana ir pietickami komplicéta un ietver sevi
vairakus nezinamus parametrus, tapéc simulacijas modela ietvaros, promocijas
darba autors, balstoties uz D.J. Kima (Kim) (2010) pétjjumu, piepem
procentualo kopgjas eksergijas sadalfjumu, kas atbilst 35% siltuma eksergijas
un 65% elektroenergijas eksergijai. Atbilstos$i iepriek§minétajam, siltuma
izmaksas biitu 0.084 LVL kWh™' un elektroenergijas izmaksas 0.064 LVL
kWh'. Sie izmaksu aprékini neietver investiciju vai raZoSanas atbalsta
programmu iesp&jamo finansgjumu.

3.2. Digestata izmantoSanas efekts

Digestats ir parraudzetais substrats, kas rodas biogazes razotn€ metana
rigSanas procesa. Izmantojot digestatu, var papildus netieSi samazinat SEG
emisijas, kuras rodas lauksaimnieciskas razoSanas procesa.

3.2.1. Tirgus vértibas un nepiecieSama daudzuma noteiksana

Digestata kimiskais sastavs ir atkarigs no fermentizacijai ievadita substrata.
Salidzinot dazadu substratu sastavus, kopslapekla un fosfora attieciba ir mazak
mainiga, bet kalija saturs ir mainigs, to visvairak ietekmé sausnas saturs. Ka
atzist biogazes razotdji, digestata praktiskas izmantoSanas efektivitate
praktiskos lauka izméginajumos v€l nav pietickami novértéta, jo digestata
izmantoSanas pieredze Latvija ir visai neliela.
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Digestata baribas vielu sastava (N-P-K attiecibas) noteikSanai promocijas
darba autors izmantojis vid€jas vertibas, kuras tika ieglitas no biogazes
razotajiem Latvija un MPS ,,Vecauces” direktores I. Grudovskas komentariem.
Laboratoriskas analizes, kuras veiktas digestata paraugiem Latvija, uzrada, ka
lielako dalu no taja pieejamajam augu baribas vielam veido kalijs, nedaudz
mazaka apjoma ir slapeklis, bet vismazak fosfors.

Novertet digestata izmanto$anas ekonomisko efektu p&c biitibas nozime
salidzinat ar alternativajam izmaksam, Saja gadijuma ar izmaksam, kadas
veidojas, izmantojot fosilos mineralméslus. Fosilo mineralméslu tirvielas cenas
paraditas 5. tabula, cena icklauts arT pievienotas vertibas nodoklis.

5. tabula

Mineralmeslu un digestata augu baribas vielu vertiba, LVL kg/’['1
. Fosilo Tirviela digestata
Tirvielas mineralméslu tirvielas
- -1 J— -1

elements cena, LVL kg apjoms, kg t vertiba, LVL t
N 0.73 1.87 1.37
P 1.53 0.57 0.87
K 0.58 2.77 1.61
Kopa 3.85

Avots: autora aprékini pec SIA ,, Latfert ”2011. gada informacijas

Izmantojot tirvielu cenas un zinot digestata eso$o baribas vielu (N-P-K)
saturu, var aprékinat digestata ekonomisko vértibu, péc formulas:

Viiges. = ((Pavn * Baign * Bsausn) + (Pave ® Baigp * Bsausn) + (Pavk * Baigk * Bsausn. ) * 1000,

“)
kur Vgigest. — digestata ekonomiska vertiba, LVL t;
Puv. — fosilo mineralméslu tirvielas i cena, LVL kg™;
Bgigi — baribas elementa i masas dala sausna;
Bgausn, — sausnas masas dala digestata;
i — baribas elementi N (slapeklis), P (fosfors), K (kalijs).

Saskana ar aprekiniem, digestata augu baribas vielu vértiba ir 3.85 LVL t.
Lai noteiktu digestata paSizmaksu, aprékinos nepiecieSams ieklaut art
transportgSanas un izkliedeSanas izmaksas, kas digestatam, pateicoties mazajam
sausnas saturam, ir visai augstas. Ari fosilo mineralm&slu izmantoSana
nepiecieSamas tadas paSas tehnologiskas operacijas. Tomér fosiliem
mineralmésliem augu baribas vielu koncentracija ir daudz augstaka, lidz ar to
augu baribas vielu lietoSana ir ekonomiski efektivaka. Tapec, aprekinot
digestata tirgus cenu, promocijas darba autors nem veéra ar digestata iestradi
saistitas papildu izmaksas.

Atbilstosi izvéletajam kukurlizas audzgSanas tehnologijam, lai izaudz&tu
30 tha' kukuriizas nepieciesams 116.8 kg slapekla, 48 kg fosfora un 48 kg
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kalija tirvielas, turpretim 50 t ha” lielai kukuriizas razai nepieciesams 186 kg
slapekla, 83 kg fosfora un 83 kg kalija tirvielas uz 1 ha. Nosakot nepiecieSsamo
digestata daudzumu fosilo mineralméslu aizvietoSana nepiecieSams vadities pec
slapekla nepieciesamibas, jo tas ir gaistoSaks, augsni un apkartgjos tdenus
piesarnojosaks elements. ST elementa lictosanu ari reguleé 2011. gada MK
noteikumi Nr.33. Analizétaja pieméra nepiecielams 62.5 tha” digestita
méslojuma pie razibas 30 t ha” un 99.5 t ha pie razibas 50 t ha™. Digestita un
fosilo mineralméslu lietoSanas tehnologiju salidzinajums, aprékinatie rezultati
ieklauti 6. tabula.

6. tabula
Fosilo mineralméslu un digestata transportéSanas un
izkliedésanas/izsmidzinasanas tehnologisko operaciju izmaksu
salidzinajums, ievérojot kukuriizas biomasas raZibu (t ha™), LVL

Radrtajs Mervieniba Mineralmesli Digestats
Raziba tha' 30 \ 50 30 \ 50
Izmaksas:

Transportesana Ls ha' 0.35 0.57 43.13 68.66
Ciransp. Ls t 4o 0.69 0.69
Izsmidzinasana/ Ls ha' 20.54 30.81 76.19 121.36
izklied&sana Ls tgig x x 1.22 1.22
Cizsmidz./izkl.
Cilveku darbs, Lsha’ 0.42 0.69 10.43 16.62
Ceity.n Ls t ' gio x x 0.17 0.17
Kopa Lsha’ 21.31 32.07 129.75 206.64
Ls t 4o x x 2.08 2.08

Avots: autora apreékini péc 2011. gada cenam

Mineralméslu izkliedéSanas un transportéSanas izmaksas ir seSas reizes
zemidkas ka digestatam jeb 21.31 LVL ha” un 32.07 LVL ha. Digestata un
fosilo mineralmeslu transport€Sanas un iestrades izmaksu starpiba ir
108.44 LVL ha™ pie kukuriizas zalmasas razibas 30 t ha™ jeb 1.74 LVL t'ldig, un
174.57 LVL ha™' pie razibas 50 tha” jeb 1.75 LVL uz iestradato digestata
tonnu..

Pamatojoties uz to ka, izmantojot fosilos mineralméslus, pirc€js akcepte ar
to iestradi saistitas izmaksas pie noteiktas mineralméslu cenas, digestata
mineralvielu vertiba ir samazinama par vertibu, kas ieklauj ar digestata iestradi
saistitos papildus izdevumus. Tatad, nosakot digestata tirgus vertibu,
nepiecieSams no digestata augu baribas vielu vertibas naudas izteiksmé
385 LVL t' atnemt transportéSanas un iestrades papildus izmaksas
1.75 LVL t"dig, Pie esoSajiem nosacljumiem digestata tirgus vértiba ir
2.10 LVL t™g,.
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3.2.2. Fosilo mineralméslu aizvietoSanas iespéjas ar digestatu

Digestata izmantoSanas galvena priekSrociba ir saistita ar fosilo
mineralméslu aizvietoSanu. AizvietoSanas rezultatd tiek samazinatas izmaksas
fosiliem mineralmésliem un samazinats CO, apjoms, kas saistits ar
mineralméslu razosanu.

Promocijas darba autors nosaka iesp&u fosilos mineralméslus aizvietot ar
digestatu, kas iegiits no 1 ha platiba izaudzetas kukuriizas. Autors pienem, ka no
1 t kukuriizas skabbaribas iegiist 1 t digestata.

No 1 ha audzétas kukuriizas pie zalmasas razibas 30 t ha™ var iegiit 51 kg
slapekli, 15 kg fosforu un 75 kg kaliju. Lidzigi aprékinats iegiitais augu baribas
elementu daudzums digestata pie razibas 50 t ha”, nemot véra 10% zudumus,
$aja gadijuma iegust 84 kg slapekli, 26 kg fosforu un 125 kg kaliju.

7. tabula
Kukuriizas méslosanai izmantoto fosilo mineralméslu un iegiita digestata
izmaksu salidzinajums, ievérojot kukuriizas biomasas raZibu (t ha™), LVL

ha™
Augu baribas Kukuriizas raziba 30 t ha Kukuriizas raziba 50 t ha™
viela Méslojuma izmaksas LVL ha’* Méslojuma izmaksas LVL ha™®
ele- tirviela fosilie digestat fosilie divestat
ment | scena | mineralmésl '8 +/- mineralmésl & +/-
s Ls kg! i 5 i s
N 0.73 85.41 37.23 48.1 135.78 61.32 74.46
8
P 1.53 73.44 22.95 50.4 126.99 39.78 87.21
9
K 0.58 27.84 43.50 X 48.14 72.50 X
- 186.69 103.68 98.6 310.91 173.60 | 161.6
Kopa 7 7

Piezime: x netiek aprékinats, jo K méslojums tiek nodrosinats pilniba
Avots: autora aprékini

Digestats, kas iegiits no 1 ha kukuriizas zalmasas, pilniba var nodro$inat
nepiecieSamo kalija daudzumu, 1 ha kukuriizas izaudzé$ana. Bet neatkarigi no
razibas, nepiecieSams papildus dot vél slapekla un fosfora méslojumu.
Digestats pie esoSajiem nosacijumiem dod 44-45% slapekla méslojuma
ietaupijumu, 31% fosfora un 100% Kkalija méslojuma ietaupijumu.
Aprékinot saimniecibas finansialos ietaupljumus, izmaksu salidzinajuma
rezultati apkopoti 7. tabula.

Ja aprékinu pamata ir digestata esoSo baribas vielu apjoms, kopgjais
ietaupijums no digestata lictosanas ir 103.68 LVL ha™ pie razibas 30 t ha' un
173.60 LVL ha’ pie razibas 50 tha™. Jasecina, ka neatkarigi no raZibas,
ietaupfjums no fosilo mineralm&slu apjoma samazinajuma, izmantojot
digestatu, ir nedaudz lielaks neka puse no nepiecieSamajiem ieguldijumiem
kukurtizas meslosana. Tatad atgriezot digestata palikuso N-P-K var iegist 56%
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izmaksu ietaupljumu uz vienu platibas vienibu, ko izt€rétu par mineralmeslu
iegadi. Sads ietaupljuma apjoms uzskatams par maksimalu, jo digestata
méslojums ir griitak vari€jams.

Ieklaujot operaciju sadardzinajumu, kas saistits ar digestata liela apjoma
transport€Sanu un izsmidzinasanu, iegtst, ka ietaupljums uz vienu ha ir 41.04
LVL pie razibas 30 t ha” un 70.94 LVL ha' pie razibas 50 t ha'. Salidzinot o
ietaupfjumu ar fosilo mineralmeslu lietoSanas izmaksam uz 1 ha iegtst, ka
kopéjais (resursu un iestrades izmaksu) ietaupijums ir 16 Iidz 20%.

3.2.3. Digestata izmantoSanas vides faktori

Autors, nosakot digestata vides faktorus, izvélas vienkarSotu metodi, kura
SEG efekts, kas rodas fosilos mineralméslus aizvietojot ar digestatu, ir starpiba
starp digestata izmantoSana ietaupito mineralméslu emisiju apjomu un
degvielas radito emisiju apjomu, kas papildus nepiecieSamas, lai izsmidzinatu
digestata m&slojumu.

SEG emisiju apjomu normativu noteik$ana izmantoti BioGrace projekta
emisijas faktoru aprékina dati (Biograce - List of..., 2011). Rezultati apkopoti
8. tabula.

8. tabula
Ietaupitais SEG emisiju apjoms, aizvietojot fosilos mineralmeslus ar
digestatu, pie kukuriizas raZibas 30 t ha® un 50 t ha™

Augu baribas vielu tirvielas _ .
- 1 Ietaupitais
apjoms, kg ha L
—2 e s SEG emisiju
N izteikts fiziskaja Mineralvielu -
Augu digestata L L apjoms,
~ mineralméslu SEG emisijas 1
baribas - fak kg COyeq ha
vielas apjoma aktors, .
elements Kukuriizas | Kukuriizas raziba | Kg COaeq Kg” Kukuriizas
raziba t ha™ tha? raziba t ha™
30 50 30 50 30 50
N 51 84 146 240 6.209 906.5 | 1490.2
P 15 26 31 54 0.731 22.7 47.5
K 75 125 125 208 0.308 38.5 64.1
Kopa 967.7 | 1601.8

* pielidzinatas vertibas Latvija izmantotajiem mineralmésliem péc BioGrace pétijuma
izmantotajiem normativiem: amonija nitrats (N 35%), triskarSais superfosfats (P,Os 48%), kalija
hlorids (K0 60%)

Avots: autora aprékini, izmantojot Biograce - List of..., 2011

Tegitais kop&jais SEG emisiju ietaupijums ir 967.7 Kg COggq ha™ pie
razibas 30 tha” un 1601.8 kg COxq ha™ pie razibas 50 tha”'. Aprékinot
procentualo SEG emisiju ietaupfjumu no digestata méslojuma lietoSanas
attieciba pret kop€jo emisiju apjomu, iegist, ka izmantojot digestatu SEG
emisijas samazinas par 29%.
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Digestata izmantosana papildus SEG emisijas biitiba rada: digestata
transportéSana un digestata izsmidzinasana. Tehnologisko procesu siltumnicas
gazu emisijas nosaka ka degvielas emisijas faktora un izlietota degvielas
apjoma reizindjumu. Ar digestata liela apjoma transport€Sanu un
izsmidzinasanu papildus tiek saraoti 151.9 kg CO,ha™ pie razibas 30 t ha' un
243.7 kg CO, ha™! pie razibas 50 t ha™'.

Atgriezoties pie digestata izmantoSanas ietaupito SEG emisiju apjoma
aprékina, izmantojot 3. vienadojumu var iegit, ka izmantojot digestatu ka
meslojumu, salidzinagjuma ar fosilo méslojumu, SEG ietaupijums ir
815.8 kg CO,ha™ pie razibas 30tha’ un 1358.1 kg CO,ha™ pie razibas
50tha”. Attiecinot iegiito rezultatu uz kopgjam emisijam, kas saistitas ar
substrata sagatavosanu, iegiist, ka digestata izmantoSana samazina biogazes
substrata izaudzeSanas un sagatavosSanas radito SEG emisiju apjomu par 18%
(precizak 17.7un 18.3% atkariba no razibas). Digestata izmantoSana rada
pozitivu efektu ne vien uz biogazes saimniecibas finansialajiem raditajiem, bet
pozitivi ietekm€ ar saimniecibas vides ilgtsp&ju.

4. BIOENERGIJAS CIEMATA IZVEIDES KONCEPCIJA

Nodalas saturs darba aiznem 22 Ipp., kuras ietilpst 6 tabulas un 5 attéli.

Promocijas darba ceturta nodala ir veltita bioenergijas ciemata koncepcijas
praktiskai analizei. Autors, balstoties uz Vacijas bioenergijas ciematu
veidoSanas principiem, izmantojot iepriekS izstradato biogazes razoSanas
simulacijas modeli, veiks aprékinus, lai izveértétu bioenergijas ciema
izveidoSanas saimnieciskos un vides ieguvumus, tam nepiecie$amos resursus.
Nodalas ietvaros ir atspoguloti ar1 iedzivotaju aptaujas rezultati, lai novertetu
sabiedribas atbalstu alternativu energijas resursu izmanto$ana. Nodalas
nosléguma veikti aprékini, lai novértétu ieguvumus kadi rastos, ja $ads
bioenergijas ciemata modelis tiktu realiz&ts 24 Latvijas mazpilsétas, kuras
Sobrid ir pieejama dabasgazes infrastruktiira.

4.1. Izveides nosacijumi

Bioenergijas ciemata izveidé nozimigakais ir panakt pilnigu siltuma (100%)
un dalgju (50%) elektroenergijas pasnodro§inajumu, izmantojot viet€jos
resursus, uzlabot vides kvalitati ne tikai viet€ja ltmeni, bet, nemot véra SEG
emisiju veidoSanos, kopuma, integrét un uzlabot lauksaimniecisko razoSanu ar
resursu efektivakas izmanto$anas palidzibu. Lai veiktu aprékinus bioenergijas
ciemata izveidei un novertétu ieguvumus nepiecieSams: aprékinat energijas
pieprasijumu; analiz&t esoSo piedavajumu un esoSo resursu pieejamibu; analizet
sabiedribas atbalstu atjaunojamo resursu izmanto$anai energétika bioenergijas
ciemata izveides gadijjuma.
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Ne visus rezultatus iesp&jams aprekinat izmantojot tehniskus nosacijumus,
tapéc autors izvelas vienu Latvijas mazpilsétu — Auci, kas ir par pamatu $aja
nodala veiktajiem aprékiniem biociemata izveide. Pieméra izvéle pamatota ar
to, ka: MPS ,,Vecauce” ir dala no LLU pgtnieciskas infrastruktiiras; tai ir sava
biogazes stacija, kas potenciali varétu apgadat majsaimniecibas ar siltumu;
vesturiski ir izveidojusies situacija, ka MPS jau Sobrid apgada dalu Auces
pilsetas ar siltumu.

Bioenergijas ciemata izveides nosacijumu izveérté$ana un analiz€ promocijas
darba autors lieto jédzienu ,ciemats”, kaut ari, pieméram, Auce ir pilséta.
Saskana ar Vacijas administrativo sadaljjumu viet€jas administrativas vienibas
ir ciemati. Ari zinatniskaja literattira tiek lietots termins ,,bioenergijas ciemats”
nevis ,,bioenergijas pilséta”. Janem véra, ka bioenergijas ciemata izveide var
attiekties tikai uz kadu no pils€tas dalam, tadgjadi ciemata jédziena pielietojums
ir piepemams.

4.1.1. Energijas resursu pieprasijums

Analiz€jot bioenergijas ciemata izveides iespEjas viens no paSiem
svarigakajiem nosacijumiem ir ilgtsp&jigs energijas pieprasijums, kam
raksturigs stabils ilgtermina energijas pieprasijums un iedzivotaju sp&ja segt
energijas iegades izdevumus.

Auce ir tipiska Latvijas mazpils€ta ar lauku teritoriju (4371.7 ha), tai skaita
Auces pilsétas teritorija ir 366.0 ha. Auces pilséta un Vecauces pagasta dzivo
nedaudz zem 4000 iedzivotajiem.

Lai noteiktu siltumenergijas un elektroenergijas nepiecieSamo daudzumu
majsaimniecibas Aucg€, promocijas darba autors izmanto divus datu ieguves
veidus:

1) siltumam datus iegiistot no centralas siltumenergijas piegadatajiem, bet

individualo maju gadijuma no iedzivotaju aptaujas datiem;

2) elektribai dati iegtti aprékinot pec viet§ja paterinpa no iedzivotaju

aptaujas datiem (aptauja veikta 2010. gada).

Saskana ar Auces Domes datiem 2010. gada 1. janvarl majsaimniecibu skaits
Auces pilséta bija 1104, no tam 561 individualas majas, bet 543 —
daudzdzivoklu. P&tjjuma ietvaros tika aptaujatas 566 majsaimniecibas, kas
veidoja 50% no generalkopas, no tam 267 majsaimniecibas (47.5%) dzivoja
individualajas majas un 297 (52.5%) daudzdzivoklu majas.

Nemot vera visus ieprieks€jos nosacijumus un veicot aprékinus iegust, ka
Auces mazpilséta gada laika nepiecieSamas 6804.6 MWh siltumenergijas un
3 765 MWh elektroenergijas.
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4.1.2. Energijas resursu piedavajums

Viet&jas izcelsmes energijas resursu izmanto$ana ir viens no obligatiem
bioenergijas ciemata izveides un darbibas principiem. Tapéc nepiecie$ams
izanaliz&t iesp&ju izmantot viet&jos primaros energijas resursus.

Auces teritorija elektroenergiju nodroSina AS Latvenergo, centralizéto
siltumapgadi nodrosina SIA “Auces komunalie pakalpojumi” un LLU MPS
“Vecauce”. Kops 2003. gada SIA “Auces komunalie pakalpojumi” izmanto
vienu katlumaju, kura tiek kurinata Skelda, savukart LLU MPS , Vecauce” sava
katlu maja izmanto malku un ka papildus kurinamo saskidrinato gazi.

Vecauces biogazes stacija nodro§inaja elektroenergijas  izstradi
1 768 530 kWh (2009. gada) 1626 980 kWh (2010. gada), rékinot uz vienu
Auces majsaimniecibu 284 kWh ménesi jeb 3408 kWh gada, tatad biogazes
stacija var nodro§inat 518 majsaimniecibas ar elektroenergiju, kas ir puse no
Auces pils€tas majsaimniecibam.

Ka jau apskatits iepriek§ 3.nodala, no lauksaimniecibas produktiem
visefektivak iegiit energiju no biogazes ka pamata resursu izmantojot
lopkopibas atlikumus. Promocijas darba autors $aja nodala ir izanalizgjis
iespgjamos resursu piegadatajus un apjomus biociemata energoresursiem.

Analizgjot potencialo lopkopibas atlikumu apjomu, nepiecie$sams nemt véra
attalumu no lopu fermam (meslu kratuvém) lidz biogazes razotném. Vislielakie
resursu apjomi saistami ar SIA ,,)PF Vecauce” cilkkopibas kompleksu, Iles
pagasta SIA ,,Baltic Breeders” cukkopibas kompleksu, Latvijas valsts mezu un
privato mezaudzu resursiem, ka ari ar Auces novada esoSajam 83 kidras
atradném.

4.1.3. Sabiedribas atbalsts bioenergijas ciemata izveidei

Sabiedribas atbalsts argjo efektu integréSana tirgus sist€ma ir viens no
ilgtspg&jigas ekonomikas uzdevumiem. Sabiedribas atbalsts bioenergijas ciemata
izveidg ir viens no svarigakajiem un grutak panakamajiem nosacijumiem mérka
sasniegSana.

Ekonomika ar gatavibu maksat (wilingness to pay) saprot personas
maksimalo gatavibu (v€lmi) maksat, lai kompensétu kadu labumu, vai
kaitg§jumu, kas rodas saimniekoSanas rezultata, bet nav ieklauts produkcijas
izmaksas. Lai noteiktu sabiedribas gatavibu maksat, promocijas darba autors
izmanto sociologisko aptauju, ar mérki noteikt patérétaju hipotétisko vai
faktisko gatavibu maksat. Tikai nedaudz vairak ka piekta dala (22%)
majsaimniecibu ir gatavas palielinat energijas patérina izmaksas, lai atbalstitu
atjaunojamos resursus. Lielaka dala uzskata, ka pasreizgjais majsaimniecibas
ieguldijums ir pietickoSs vai arT pasreizgja situacija nelauj maksat vairak par
atjaunojamas energijas resursu plasaku izmantoSanu. Kopuma 362 respondenti
(64%) ir paudusi viedokli, ka nevélas maksat vairak.
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No ieprieks aprakstitajam bioenergijas ciemata komponentém — energijas
pieprasijuma, energijas piedavajuma un sabiedribas atbalsta, tie$i pedgjais ir
visjutigakais jautdjums un saistits ar lielakiem riskiem. Sabiedribas atbalsts
gatavibas maksat veida ir ietekm&jams un mainams raditajs.

4.2, Bioenergijas ciematam nepiecieSamas energijas raZoSanas analize

Pamatojoties uz energijas pieprasijumu un resursu piedavajuma iespgjam,
promocijas darba autors, npemot par pamatu Auces pieméru, $aja apaksnodala
izstrada bioenergijas ciemata energijas raZoSanas modeli (aprékina
blokshému skat. 12. att.).

Energijas pieprasijums
biociematam
(50% elektriba, 100% siltums)

v v

Elektribas Siltuma

pieprasijums pieprasijums

|Bi0gézes razoSanas apjoms| |Koksnes izmanto$anas apjoms |

| Primaro resursu apjoms un izmaksas |

Ar digestatu sarazotais

mineralméslu apjoms

— A 4
| Investiciju izmaksas |— - -
— - = Siltuma vienibas
Elektribas izmaksas kopa .
— - —>| I—} izmaksas
| Uztur&Sanas izmaksas I_ ) Izmaksas
kopa —blSiltuma izmaksas kopa Elektribas
vienibas izmaksas

| Atbalsts AER razoSanai I_

A
»|SEG apjoms Importa elektribas o Jimporta aizvietosanas|
vertiba P lvertiba N
LY A
SEG  emisijas Importa  siltumal
faktors biogazei vertiba

Avots: autora veidots
12. att. Bioenergijas ciemata energijas raZoSanas modela aprékinu
blokshema.

Modeli piedavatas $adas energijas razosanas komponentes:
- biogazes kogeneracija (iegtst elektribu un siltumu);
- koksnes izmantoSana siltuma razo$anai,
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§ts divas komponentes tiek apvienotas bioenergijas ciemata vienotaja modeli,
bet lai iegltos rezultatus salidzinatu ar paSreiz pils€tds domingjoSo
energoapgadi, tad autors icklauj ari fosilo resursu komponenti: fosilas energijas
variants.

Par prioritati tiek uzskatita biogazes razoSana, kas nodros§ina bioenergijas
ciematu ar elektroenergiju un dalu no nepiecieSsama siltuma. Pargjo
nepiecieSamo siltuma apjomu nodro$ina katlu maja, kas apkurinata ar koksni.

Fosilas energijas izmanto$anas variants tiek aprékinats péc lidzigas shemas
ka 12. attgla. Saja gadijuma tiek izmantota saskidrinata dabas gaze, netiek
izmantota kogeneracija, bet gan lokala siltuma razoSana, lidz ar to shéma ir
nedaudz vienkar$aka. Elektroenergijas pieprasijumu nodroS§ina publiskais
tirgotadjs.

Aprekinu pamata promocijas darba autors izmanto vairakus piepémumus:
apkures sezona ilgst 4100 h gada; kurinamo katla lietderibas koeficents ir 0.8;
malkas zemakais sadegganas siltums ir 2.838 MWh t"'; keldas zemakais
sadegSanas siltums ir 2.79 MWh t"'; amortizacijas laiks katliem 12 gadi;
atbalsta apjoms 40% no attiecinamam izmaksam; nodarbinati 3 kurinataji uz
pilnu slodzi; administracijas izmaksas 2% no kop&am izmaksam u.c.

Salidzinot biogazes kogeneracijas izmanto$anas komponentes
raksturojoSos raditajus ar koksnes izmantoSanas komponentes iegiitajiem
raditajiem, skaidri iezim&jas biogazes razoSanas komplicétiba un kapitala
ietilpiba. Kopgjas izmaksas biogazes razoSanai rékinot uz vienu MWh ir 117.54
LVL gada, kas ir ieveérojami augstakas neka koksnes izmanto$ana. Tomer
svarigi piebilst, ka Sie raditaji nav salidzinami tiesa veida.

Veidojot sinergiju starp no biogazes un no koksnes resursiem razoto
energiju, aprékina ietvaros samazinats no koksnes razota siltuma pieprasijums,
tas kompenséts ar siltumu, kas ieglits no biogazes kogeneracijas stacijas.
Siltuma apjoms, papildus biogazes stacija sarazotajam siltumam, kuru
janodrosina no koksnes ir 5325.4 MWh jeb 78.3% no kopgja siltuma daudzuma
gada.

Autors promocijas darba ietvaros, aprékinaja fosilo resursu energijas
apgades variantu, kas arT ir uzskatams par dalgji alternativu, jo $aja varianta
siltuma apgade paredz pareju uz saSkidrinato gazi. Aprékinos izmantotie
pienémumi: sakidrinatds naftas gazes siltumspgja ir 27 000 Kcal m™;
sagkidrinatds naftas gazes cena 1.81 LVL m™; gazes katlumdja ar gazes
rezervuariem izmaksa 220 000 Ls; nepiecieSami 2 kurinataji; elektribas cena ir
AS Latvenergo uzradita elektroenergijas cena, 0.035 LVL kWh''; saskidrinatas
gazes blivums 2.26 kg m™ u.c.

Aprékinu rezultati paraditi 9. tabula, vienlaicigi salidzinot divas
alternativas: vienotu bioenergijas ciemata alternativu (veido koksnes siltuma un
biogazes kogeneracijas komponentes) un fosilas energijas variantu.

Bioenergijas ciemata energijas raZo$ana ir ciesi saistita ar lauksaimniecibu,
jo dala no primarajiem energijas resursiem ir lauksaimniecibas produkti.

49



9. tabula

Bioenergijas ciemata modela un fosilas energijas raZosanas
alternativu salidzinajums

Fosilas
Radrtaji Mervieniba energijas Bioenergijas ciemats
variants
Siltumenergijas vajadziba MWh 6804.60 6804.60
Elektroenergijas vajadziba MWh 3765.10 3765.10
t;3 239 695 m’ 423330t sl{ﬁjbbaﬁ_ba'
Resursu vajadziba m 3 saskidrinata 1336670 ¢ sl}gldrmesh
ber.m - 2636.40 m” malka
gaze 3728.60 ber m’ ¥kelda
Kurinama resursu vertiba Ls kWh'' 0.06 0.02
Siltuma iznakums MWh 6 804.60 6 804.60
Elektribas iznakums MWh 0 2 080.00
Nodro$inajums siltums, % % 100 100
Nodrosinajums elektriba, % % 100* 55.20
Investicijas iekartam Ls gada 14 666.67 82 410.00
Uzturg$anas izmaksas Ls, gada 44 709.69 125 810.39
Substrata izmaksas Ls, gada 433 847.95 190 458.36
Kopa izmaksas Ls, gada 493 224 .31 398 678.75
Atbalsts investicijam Ls, gada - 32 964.00
Atbalsts razosanai (elektribai) Ls kWh'! - 0.10 - 0.15
Kopa izmaksas ar atbalstu Ls, gada 493 22431 365714.75
Siltumenergijas izmaksas Ls kWh 0.07 0.03
Elektroenergijas izmaksas Ls kWh 0.03* 0.08
SaraZotais emisiju apjoms t COpeq 1886.24 93.50
Importa aizvietoSanas vértiba Ls gada -1825.31 199 060.69

Piezime: *tiek pienemts, ka nodrosina publiskais tirgotajs, saskana ar SPKR apstiprinato tarifu

Avots: autora aprékini

Veicot attiecigos aprékinus péc 12. attéla paraditas blokshémas, promocijas
darba autors iegtist $adus Auces bioenergijas ciemata modela raditajus:

1)

2)

3)

4)

lai nodro§inatu resursu vajadzibu ir nepieciesams 4 233.3 t skabbaribas
un 15366.7 t liellopu 3kidrméslu, ka ari 2 636.4 m’ malkas un
3 728.6 ber.m’ $keldas;

lai sarazotu skabbaribu nepiecieSams 84.7 ha lauksaimniecibas zemju,
zinama mera var teikt, ka $ai zemei nepiecieSama lietojuma maina no
partikas razoSanas uz energijas resursu razoanu. Seit var izmantot arl
neapstradato LIZ, kas Auces novada ir 3 179 ha;

sabiedribas atbalsts, gataviba maksat par atjaunojamo energiju ir
attistams un mainams faktors. Auc€ tas ir aptuveni tads pat ka Latvija
kopuma. Auce 22% gatavi maksat vairak par $o energiju;

katru gadu bioenergijas ciemats dos 1 792.74 t COyq SEG emisiju
ietaupijumu salidzinot ar fosilas energijas izmantoSanu energoapgade.

50



Nacionala Itment tiks ietaupiti 199 060.69 Ls, kas pretja gadijuma biitu
jaiztere par importetiem energoresursiem;

5) majsaimniecibu siltuma izmaksas nepieaugs. Pretgja situacija ir ar
elektroenergiju, §is izmaksas bioenergijas ciemata gadijuma ir augstakas
neka elektroenergijas vidéjas izmaksas, ko piedava publiskais tirgotajs
Latvija.

Tomér elektroenergijas cena satur vél vairakas komponentes, ka parvades

un sadales ftiklu pakalpojuma izmaksas, obligata iepirkuma komponentes
izmaksas, elektroenergijas tirdzniecibas pakalpojuma izmaksas un PVN.

4.3. Bioenergijas ciematu izveides iespéjas aizvietojot dabasgazi

Péc promocijas darba autora izveidota bioenergijas ciemata energijas
razoSanas modela, Aucei ir iesp&jas realizét bioenergijas ciemata ideju, tacu
Sobrid tikai formali, jo nav bitiska sabiedribas atbalsta idejai. Spilgtak
alternativas energijas pozitivie efekti var izpausties pilsétas, kuras savam
paterinam izmanto dabasgazi. Tap&c promocijas darba autors $aja apakSnodala
izstradato bioenergijas ciemata modeli adaptés 24 apdzivotajas vietas Latvija,
kuras var nosaukt par mazpilsétam, 1idz ar to tas p&c biitibas ir lidzigas Aucei,
un kurds ir dabas gazes infrastruktira. Autors, pemot v&ra ieprieks€ja
4.2. nodala veiktos aprékinus un iegiitos rezultatus, aprékinas ekonomiskos un
vides ieguvumus procesam, ja Latvijas mazpilsétas ar dabas gazes
infrastruktiiru parveidotu par bioenergijas ciematiem.

Kopa izveletajas mazpilsétas dzivo 168 083 iedzivotdji, kas ir 8.2% no
Latvijas iedzivotajiem vai 16.9% no iedzivotajiem Latvija, kas nedzivo
republikas nozimes pilsétas. Autoram nav iesp&jams iegiit pilnigu informaciju
par majsaimniecibu skaitu, energijas pat€rinu un ta struktiiru, tapéc, aprékinos
tiek izmantots Auces bioenergijas ciemata piemérs.

Kopa visos 24 bioenergijas ciematos tiktu sarazots — 80905 MWh
elektroenergijas un 295 638 MWh siltumenergijas. lespgjamais siltuma patérins
ir mazs, jo autors piepem, ka puse no majsaimniecibam tiek apkurinatas ar
dabasgazi, un tikai puse izmanto atjaunojamos resursus. Vislielakais potencials
parejai no dabas gazes uz atjaunojamiem resursiem ir Rigas planoSanas regiona,
kura ir visvairak mazpilsétu, kas atbilst izvél&tajiem kriterijiem.

Tegitais SEG samazinajums 44 463 t CO,., gada, uz kopgjo energétikas
sektora sarazoto apjomu ir neliels. Salidzinot ar 2011. gada SEG radito apjomu
energétika 7197 kt CO,q, ictaupfjums ir 0.62% no §T apjoma. Bioenergijas
ciemati raditu 1.62% atjaunojamo energoresursu Ipatsvara pieaugumu primaro
resursu Tpatsvara, kas ir svarigs rezultats saistiba ar 2020. gada sasniedzamo
40% AER T1patsvaru primaro resursu paterina.

Latvijas importa vértiba 2011. gada bija 5 998 518 tiikst. Ls. Bioenergijas
ciemati dotu 0.14% importa vertibas samazinajumu. Ja rékina kopa importa
preCu grupas: dabas gaze, elektroenergija, slapekla, fosfora, ka ar kalija
mineralmésli, to iegadei nepiecieSami 359 082 446 lati. Aizvietojot dalu no
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Siem produktiem ar bioenergijas ciematos sarazoto energijas un augu baribas
vielu apjomu, iegiist 2.31% importa vertibas ietaupTjumu.

Latvija ir 2423 231.1 ha LIZ, no kuras 2010. gada 368 500 ha bija
neizmantota lauksaimniecibas zeme (Dubrovskis, 2012). Bioenergijas ciematu
vajadzibam nepiecieSama izmantojama zeme ir 3 293 ha, kas saistama ar
lietoSanas mainu, to jaatvel kukuriizas skabbaribas audzgSanai, tas veidotu tikai
0.89% no neizmantotas LIZ. Lai nodroSinatu nepiecieSamo lopkopibas
atkritumu substratu, nepieciesamas 27 180 liellopu vienibas, kas veidotu 7.2%
no liellopu skaita 2009. gada, liellopu uzturésanai vajag 29 877 ha LIZ jeb
8.1% no neizmantota LIZ.

Svarigs nosacfjums bioenergijas ciematu izveidé ir bioenergijas resursu
pieejamiba, ipadi tas attiecas uz biogazes izejvielam — energgtiskajiem
kultaraugiem un $kidrmésliem. Energétiskie kulttraugi veiksmigi izaudz&jami
jebkura Latvijas dala, tapéc biogazes substrata no energétiskajiem augiem
sagatavoSana vienigais ierobezojosais faktors ir lauksaimniecibas zeme.

Salidzinot = neizmantoto  lauksaimniecibas  zemju  apjomu  ar
nepiecieSamajiem LIZ apjomiem bioenergijas ciematu izveidei, var secinat, ka
biogazes substrata no energétiskiem augiem sagatavoSanai butu nepiecieSami
tikai 5.8% no kopgjam neizmantotajam zem&m min&to mazpilsétu novados
esosajiem zemes resursiem. Neviena no 24 mazpilsétu novadiem nav teritorijas,
kuras neizmantoto LIZ apjoms bitu mazaks, kas ierobezotu bioenergijas
ciematu izveidi. Ja pienem, ka biogazes zemaka siltumspgja ir 5.27 kWh m>,
tad apstradajot §Ts zemes iesp&jams iegit 2 708 764 kWh elektroenergijas un
3 869 663 kWh siltumenergijas, kas ir 7.6 reizes vairak neka nepiecieSams 24
mazpilsétas.

Liellopu skaits, kas nepiecieSams bioenergijas ciematu izveides vajadzibam
ir pietickams un veido 35.4% no kopga 24 Latvijas mazpilsétu novados
audzeéto majlopu skaita. Tomér, atSkirtba no neizmantota LIZ apjoma, ir
6 mazpils€tu novadi, kuros majlopu skaits ir nepietickosSs, lai izmantotu
biogazes ieguves modeli. Parsvara Sie novadi ir Rigas planoSanas regiona:
In¢ukalna novads, Kekavas novads, IkSkiles novads, Olaines novads un
Salaspils novads, ka arT Ceésu novads — Vidzemes plano$anas regiona. Tas gan
nenozimé, ka Sajas mazpilsétas nevarétu izmantot biogazes kogeneracijas
stacijas sarazotu siltumu, jo citu resursu (notekiidenu diinas, majputnu un ciiku
mésli, zala masa u.c.) ir pietickami. Sajos novados izvietotajam biogazes
kogeneracijas stacijam butu javeido cita veida biogazes ieguves substrata
maisijums, kas nedaudz mainitu iegiitds biogadzes izmantoSanas efektu
novertgjumu. Jaakcente, ka biogazes razoSanas potencials So mazpilsétu
tuvuma esosajos novados, ir daudz lielaks neka nepiecieSams siltumenergijas
nodro$inasanai iedzivotajiem.
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SECINAJUMI

Atjaunojamas  energijas  izmanto$anas  pamatojumu  nosaka
nepiecieSamiba noverst fosilas energijas izmanto$anas raditos negativos
aréjos efektus (eksternalitates), kuri sagada sabiedribai zaud&umus.
Tirgus regulé razoSanas privatas izmaksas, bet politikas veidotaju uzdevums
ir nodrosinat sabiedrisko izmaksu segSanas mehanismu darbibu.

Veiksmiga teritorijas attistiba saistama ne vien ar regiona objektivo
priekSrocibu izmantoSanu labklajibas veicinasana, bet ar1 ar radito
negativo aréjo efektu samazinaSanu un pozitivo argjo efektu veidosanas
veicinasanu. Negativo ar&jo efektu novérSanas biitisks nosacijums regionos
ir pilnvértigaka resursu lokala izmantoSana, veidojot saistitas attiecibas
starp vietéjam saimnieciskim vienibam. Secindjuma pamata ir
industrialas simbiozes ideja, kas paplasinajusies un ieguvusi pils€tas
simbiozes aprises, kas nozimigas ilgtsp&jas procesa nodrosinasana.
Bioenergijas ciemata izveide veiksmigi var nodrosinat apdzivotas vietas
energijas nepiecieSamibu, izmantojot cie$aku sadarbibas veicinasanu
starp iedzivotajiem, energijas razotajiem, ka ari lauksaimniekiem un
meZsaimniekiem. Bioenergijas ciemati savu praktisko nozimi ilgtsp&jigas
attistibas nodrosina$ana apliecindjusi gan attistibas valstis (Indija, Kina,
Tanzanija un Uganda), gan attistitajas valstis (Vacija, Somija, Zviedrija).
Lai gan nepastav viennozimigs bioenergijas ciemata modelis, kas biitu
izmantojams visos regionos, tomér var identificet ietekméjosos faktorus:
ciemata vai mazpils€tas attistibas perspektivas, viet€jie energijas primarie
resursi, to veidi un apjomi, esosa infrastruktiira, sabiedribas atbalsts, valsts
regionala un vides politika.

Partikas un energijas dilemmas, kam pamata ir zemes ierobezotiba,
risingjums, ka efektiva zemes izmantoSana panakama ar energijas un
partikas kombinétu razoSanu. Kopgja energijas apjoma izlaide no
energgtiskiem augiem un partikas graudiem ir lielaka neka no lopkopibas
vai tas kombinacijas ar energijas razo$anu. Tas ir teorétisks pamats biogazes
razoSanai no energgtiskajiem augiem. Vienlaikus sabiedriba nav gatava
izslégt lopkopibas produkcijas razoSanu, tapéc lopkopibas atlikumu
izmanto$ana jakombiné ar energijas raZoSanu no energétiskajiem
augiem.

ES valstis ir definéjusas kopigus energetikas mérkus, samazinat SEG
emisiju apjomu par 20%, palielinat atjaunojamo resursu izmantoSanu
energétika par 20% un uzlabot energijas patérina efektivitati par 20%, ka ar
virzities uz kopigu energétikas tirgu. Sos mérkus planots sasniegt 2020.
gada. Tomér praktiska meérku sasniegSanas stratégija ir katras
dalibvalsts zina, to nosaka nacionalas Tpatnibas, resursu pieejamiba, citu
jomu (lauksaimnieciba, mezsaimnieciba, regionala attistiba) attistibas
politikas intereses.
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6.

10.

Dazadi pétijumi pierada alternativas energijas pozitivo nozimi IKP
pieauguma un tirdzniecibas bilancgé. IKP savstarpgji pozitivi ietekme
kapitala veido$anos, energijas importu, atjaunojamo resursu razo$anu, bet
nenozimigi ietekm& tirdzniecibas bilanci. Atjaunojamas energijas
izmanto$ana pozitivi ietekm& energijas importu, kas nozimé, ka
atjaunojamai energijai nav substititu efekta. Praktiski katram energijas
veidam dazados regionos var biut atSkirigi rezultati, tapéc dazadu
energijas veidu izmantoSanu javerté atsevis$ki konkréta teritorija, ieklaujot
ietekmes novertgjumu uz importu, SEG emisijam un energijas bilanci.
Ekonomikas krize biitiski ietekméja atjaunojamo resursu veicinasanas
politiku Latvija, izvirzot jautdjumus par sabiedribas sp&u apmaksat
atjaunojamo resursu veicinasanas politiku. Ja pienem, ka ekonomika biitu
turpinajusi attistities, tad nepiecieSamiba mainit atjaunojamo resursu
veicinaSanas politiku nebiitu tik izteikta. SalidzinosSi vieglak alternativas
energijas ievieSana norit€s regionos, kur alternativas energijas cenu
diferencéSanas argjo efektu apjoms bis attiecigi mazaks pret bazes
ienakumiem.

Salidzinot daZzadus energétiskos kultliraugus ka iespéjamos substratus
biogazes iegiiSanai, ipasi jaizcel popularitati ieguvusi kukuriiza, ka ari
galega, saulgrieze un no daudzgadigiem zalajiem - lucerna. Kukuriiza
uzrada labus paSizmaksas raditajus pie intensivas razo$anas — 0.012 lidz
0.014 LVL kWh™ atkariba no razibas. Jaatzimé ari kukuriizas nozimigais
koprazas apjoms — 52 000 kWh ha™ pie razibas 50 t ha”. Saulgriezei un
galegai arT ir augsts energétiskais potencials. Energijas vienibas izmaksas
galegai ir tikai 0.009 LVL kWh' un saulgriezei — 0.011 LVL kWh™.
Lucernas energijas vienibas izmaksas ir 0.013 LVL kWh™, ar kopuma loti
labu energijas ieguvumu no hektara.

Optimals substrata maisTjums ar mérki samazinat energijas izmaksas,
nemot vera sausnas saturu, biogazes iznakumu, ka arT substrata veida
paSizmaksu, ir 22% kukuriizas skabbariba un 78% Skidrmésli. Sada
substrita maisijuma kop&jas izmaksas batu 0.057 LVL kWh
elektroenergijas. Izmantojot biogazes substrata maisijuma komponentes, ka
atbalsta energijas razoSanai ierobezojoSu faktoru, lietderigi bitu
nesamazinat iesp&jamo  substrata daudzumu no  energétiskajiem
kultiraugiem zem 25% no kop&ja substrata apjoma. Izmantojot S$adu
substrata attiecibu, skabbaribas razo3anai nepieciesams 0.0407 ha MWh™,
turpretim lopkopibai astonas reizes vairak — 0.3286 ha MWh™. Biogazes
intensifikacija saistama ar energgtisko augu nozimes picaugumu substrata,
turklat zemes lietoSanas izmainas nenotiks lineari.

Apréekinot energijas bilanci biogazes raZosanai, kas ietver nepiecieSamo
energiju substrata izaudz€Sanai un parstradei kogeneracijas stacija,
konstatéts, ka ieglitas energijas attieciba pret izlietoto ir 1 pret 6.38 pie
razibas 30 t ha' un 1 pret 6.93 pie razibas 50t ha’. Izlietojot vienu
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11.

12.

13.

14.

15.

16.

17.

energijas vienibu, tiek sarazots Iidz septinas reizes vairak energijas.
Energétisko augu audzesanas intensifikacija, palielinot razibu lidz 50 t ha™,
uzlabo energijas ieguves efektivitati par 7.9%.

Saskana ar iegtito CO, bilanci, biogazes razo$ana no kukuriizas substrata
tiek sarazoti papildu 7.0 g CO, MJ" pie razibas 30 t ha™ un 5.3 g MJ™' pie
razibas 50 t ha', tatad energtisko augu audzéSanas intensifikacija
samazina SEG emisiju apjomu. Radito SEG emisiju attieciba pret
fotosintézes cela piesaistito CO, ir 1:0.94 vai 1:0.96, butiba §is process ir
tuvs neitralam.

Lielakas biogazes razoSanas izmaksu komponentes ir biogazes substrata
izmaksas (47.9%) un fiksétas izmaksas (30.5%), no kuram vislielako
apjomu veido investicijas stacijas buvnieciba. Sadalot visas energijas
razoSanas izmaksas uz vienu energijas vienibu, iegist — 0.076 LVL kWh
lietderigas energijas. Sadalot §Ts izmaksas uz siltumu un elektribu, iegiist
0.084 LVL kWh? siltumenergijas izmaksas un 0.064 LVL kWh'
elektroenergijas izmaksas. Tas nozimé, ka bez sabiedribas finansiala
atbalsta energijas razo$ana no biogazes ir darga un nespgj konkurét ar
konvencionalajam razotn&m.

Vadoties péc digestata baribas vielu satura, ta tirgus vértiba ir 3.85 LVL t”,
nemot véra papildu transportéanas un iestrades izmaksas, 1.75 LVL t, kas
saistitas ar lielaku apjomu salidzinajuma ar fosiliem mineralmesliem, tad
digestta tirgus vértiba ir 2.10 LVL t'.

Digestata izmantoSana rada pozitivu efektu ne vien uz biogazes
saimniecibas finansialajiem raditajiem, bet arT pozitivi ietekmé& saimniecibas
vides ilgtspgju. Aizvietojot fosilos mineralmeéslus ar sarazoto digestatu,
iegiist 41.04 LVL ha™ ietaupijumu pie raZibas 30 t ha™ un 70.49 LVL ha™
ietaupijumu pie razibas 50 t ha™ jeb 16 Iidz 20% no fosilo mineralméslu
izmantoSanas izmaksam. Ka arT samazina SEG emisiju apjomu par
7.0 g CO, MJ". Digestata izmantodana kultiraugu méslo$ana samazina
gaisa esoSo SEG emisiju apjomu un globalas sasilSanas potencialu.
Sabiedribas atbalsts alternativai energijai Aucc ir salidzino$i neliels.
Tikai 22% gatavi maksat vairak, lai veicinatu alternativas energijas
izmanto$anu. Sis atbalsta [imenis ir |oti lidzigs sabiedribas atbalstam Latvija
kopuma, 20% iedzivotaju atbalsta alternativas energijas pieaugumu.
Izmantojot Auces pilsétu ka bioenergijas ciemata modeléSanas pieméru,
konstatéts, ka bioenergijas ciemats nodroSinas 1 792.74 t COy, SEG
emisiju ietaupijumu gada, ka ari nacionala Iimeni tiks ietaupiti
199 060.69 Ls, kas pretgja gadijuma butu jaizte€ré par importetiem
resursiem.

Attiecinot Auces bioenergijas ciemata modeli uz 24 Latvijas
mazpilsétam, kuras ir dabas gazes infrastruktiira, tiktu ietaupits 44 463 t
COyq jeb 0.62% no energetikas sektora SEG emisijam. Bioenergijas
ciemati Sajas mazpils€tas raditu 1.62% atjaunojamo energoresursu
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Ipatsvara pieaugumu primaro resursu iIpatsvara. Bioenergijas ciemati
samazinatu importéto energijas un mineralméslu vértibu par 8 282 353 Ls.
Lauksaimnieciba izmantojamas zemes apjoms, kas saistits ar substrata
audzéSanu energijas razo$anai, nepiecieSamais LI1Z apjoms bas 3 293 ha
jeb 2.12% no neizmantota LIZ. Kopuma ievieSot bioenergijas modeli 24
Latvijas mazpilsétas, raditie vides un ekonomikas efekti pozitivi ietekmetu
vietgjas mazpilsetas, bet nacionala IimenT izmainas bitu nelielas.

18.Nemot vera iepriekSmingtos secinajumus, promocijas darba hipotéze —
alternativas energijas (biogazes) razo$ana pozitivi ietekmé lauksaimniecibas
produktu razotaju resursu apriti, ka ar atstaj labvéligu ietekmi uz vidi un
samazina energijas importu — ir apstiprinata. Alternativa energija labveligi
ietekmé energijas razoSanas bilanci, samazina SEG emisiju apjomus,
salidzinot ar fosilam alternativam, palielina lauksaimniecibas produktu un
razoSanas atlikumu aprites ciklu, samazina nepiecieSamibu péc energijas un
mineralméslu importa.

PROBLEMAS UN TO RISINAJUMI

1. probléma: Negativo aréjo efektu raditas izmaksas pilniba netiek
ieklautas fosilo resursu izmatosana, tas rada negodigus priek§nosacijumus
alternativo energijas resursu cenu veidoSanas politika valsti, TpaSi attieciba
uz atjaunojamo resursu izmantoSanu.

Priekslikumi problémas risinasanai:

1. Ekonomikas ministrijai jaatbalsta ANO centieni panakt parnacionalu
vieno$anos par radito negativo vides argjo efektu samazinasanu, lai
izveidotu vienotu argjo efektu kompenséSanas mehanismu, kas sp&tu
nomainit Kioto protokolu.

2. Nacionalaja energétikas politika ieklaut atbalstu (nodroSinot iesp&ju
izmantot parvades tiklus, kvalificgjoties finansiala atbalsta sanemsanai)
vietg§jam iniciativam negativo ar&jo efektu novér$anai, tostarp —
bioenergijas ciematu izveidé un majsaimniecibu lidzdaliba alternativas
energijas izmanto$ana.

3. Ekonomikas ministrijai jaaizliedz valsts finanSu atbalsta sanemsSanai
kvalificéties uznémgjiem, kuri energijas ieguvei izmanto fosilos
resursus, tas pieJaujams tikai bazes jaudu veidosanas gadijumos.
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2. problema: Biogazes Kkogeneracijas stacijas, kuras ka substratu
izmanto lauksaimniecibas produktus, sarazota elektroenergija ir dargaka,
salidzinot ar vidéjo tirgus cenu Latvija, tas traucé §is energijas plasaku
izmantoSanu bez ipaSiem atbalsta veidiem.

Priekslikumi problémas risindasanai:

1.

LLU institicijam jaturpina p&tjjumi par eso$o energétisko kultaraugu
audze€Sanas intensifikaciju un jaunu augstrazigaku kultGraugu Skirpu
ieviesanu, ka arT to piemérotibu dazada tipa augsnés Latvija.
Zemkopibas un Vides aizsardzibas un regionalas attistibas ministrijai
veicinat lopkopibas biologiski noardamo substratu parstradi biogaze,
ieverojot transportésanas, vides un ekonomiskos ierobezojumus.
NepiecieSams turpinat pétijjumus lauksaimniecibas zinatng, kas lautu
precizi noteikt ar digestata izmantoSanu saistitds izmainas augsnes
baribas vielu satura un to ietekmi uz vidi ilgtermina, kas lautu precizak
noteikt maksimali pielaujamos digestata izmantoSanas apjomus uz
zemes vienibu, ka arT precizét aprékina metodiku digestata
izmantoSana.

Zemkopibas un Ekonomikas ministriju institficijam izveidot vienotu
datu bazi, par biogazes izmantoSanu raksturojoSiem lielumiem: jaudas
noslodzi, izmantojamo substratu, nodarbinato cilvéku skaitu u.c.

3. probléma: Bioenergijas ciemati labveligi ietekmé lauksaimniecisko
raZoSanu, teritoriju ilgtspéjigu attistibu, tomér biogazes Kkogeneracijas
teorétiskais siltumenergijas izmanto$anas potencials ir lielaks neka
iespejams izmantot mazpilsétu iedzivotaju majoklu apsilde.

Priekslikumi problémas risinasanai:

1.

Pagvaldibam javeicina bioenergijas ciematu izveidi sava teritorija,
nepiecieSams: analizét resursus, energijas apjoma pieprasijumu un
piedavajumu, apzinat dalibniekus, informe&t par $adam iesp&jam
sabiedribu un uznpe€mejus.

Republikas nozimes pilsétam jaizstrada kombinéti energijas apgades
varianti, kuros dala elektroenergijas un dala siltumenergijas tiek
nodro§inata ar atjaunojamiem resursiem.

Ekonomikas un Zemkopibas ministrijam jaizveido grantu sist€ma, kas
veicinatu siltumapgades uzpémumu, tostarp biogazes kogeneracijas
staciju TpaSnieku, un pasvaldibu ieinteresétibu kopigu energijas apgades
projektu veidosana.

Ekonomikas ministrijai siltuma izmanto$anu veicinat ar elektroenergijas
obligata iepirkuma tarifa mehanismu — nosakot atbalsta tarifa liclumu ta,
ka siltuma saimnieciska izmantoSana ir objektiva nepiecieSamiba.

LLU turpinat pétjumus par biogazes Kkogeneracijas siltuma
izmantoSanas iesp&am komercialos nolikos, piemeram, siltumnicas,
zivju baseini u.c.

57



INTRODUCTION

Such challenges of society as: population growth, depletion of fossil
resources, high mutual dependence of the economies of the countries, very fast
and poorly controlled capital mobility, as well as, negative influence of the
anthropogenic on the environment are to be mentioned due to the theme of the
Ph.D. thesis. In general, all these factors are connected to a threat to a
sustainable development, which is — development that provides meeting of
today's needs without creating threats to meet the needs of the next generations.

Recognition that the market is incomplete and creates externalities finds
support in essentially all schools of economics, regardless of the basic
assumption set of the science of economics. Nobel laureate in economics
Joseph Stiglitz (2006) points out that the market creates too little positive
externalities because private producers are not being fully rewarded for that.
There are, as well, too many possibilities in the market to create negative
externalities, because the producer does not have to take a full responsibility for
the damage to others. In both cases, the market does not reach the efficiency
of overall resources. Prevention of the negative external effects is one of the
tasks of the society, because the market system is not always capable to provide
the effective use of the overall resources. Society's ability to provide itself with
the resources of energy is one of the fields where the prevention of the
externalities especially important.

EU strategy “Europe 2020 anticipates to lower the amount of the gases
emissions of the greenhouse effect by 20% in comparison with 1990, to get
20% of the energy from the renewable sources and improve the energy
efficiency by 20%. These goals set at the level of EU are agreed with the
national goals of the energy development of each member state. Energy policy
in Latvia is connected with high fluidity and inefficiency. A new energy policy
is being worked out at the moment.

Solutions of today's energy are connected with high complexity that are
determined by both variety of the production possibilities, and integrity of the
markets, and the changes of the solvency of the society. Relationship of the
energy production with other fields is especially vividly seen in the production
of the bio gas. The production of the bio gas influences not only the supply and
demand of the energy, but also makes a broad impact on the development of the
agriculture and regions.

One of the leaders in the field of renewable sources Germany deliberately
develops the Concept of the bioenergy village where often an integral part is a
biogas cogeneration plant. Concept of the bioenergy village is an answer
created by a local initiative to the challenges of a sustainable development and
prevention of the external effects not only on a local, but also on a national and
global level, especially in the field of reduction of GHG. Academician A.
Kalnin$ has pointed to a necessity to evaluate the possibilities to create the
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bioenergy villages in Latvia. A special part in the Ph.D. thesis is devoted to the
analysis of the production possibilities of the biogas and the possibilities to
integrate the biogas cogeneration plants in the energy supply system of the
bioenergy village.

Researches of the systems of sustainable energy supplies are complicated
and topical, that is why a lot of authors have focused on the analysis of the
problems of the energy supply. Problems of external effects or externalities
created by the energy have been analyzed by: D. Streimikiene, R. Pusinaite,
I. Roos, J. Rekis, T. Sundquist, A. Markandaya, A. Longo. The influence of the
energy production and consumption on the environment and welfare, as well as,
the possible system changes have been analyzed by: D. Stern, S. Dinda,
W.M. Huang, G.W. Lee, J. Mills, T.Waite, E.Magnani, R. Goel, H.Wei-
te,T. Hal, T. Casten, S. Baumgdrtner, M.Quaas. Energy production from
biogas agronomic, environmental and economic researches have been made by:
A. Kalnins, M. PelSe, V. Strikis, D. Blumberga, 1. Dzene, S. Capponi, S. Fazio,
L. Barbanti, L. Rodhe, E. Salomon, M. Edstrom, A. Adamovi¢s, V. Dubrovskis,
I. Plame, T.L. Romanelli, M. Milan, M.E. Weber, A.D. Cuellar, J. Bartusevics,
Z. Gaile, as well as by other authors. The importance of the decentralization of
the energy production have been emphasized by: R.B. Mangoyana, R. Smith,
F. Timothy; the experience of the creation of the bioenergy villages in Germany
has been described by: A. Wiiste, P. Schumck, M. Karpenstein-Machen. 10
year experience of Japan, putting stress on the opportunities of the industrial
and urban symbiosis has been described by: R.Van Berkel, T. Fujita,
S. Hashimoto, Y. Geng. Impressive amount of the researches is connected not
only with the wide aspect of the theme, but also with a political order for the
environmental, Engineering and economic researches.

The Ph.D. thesis have been developed partly due to EU project ,,Attraction
of human resources to the research of the renewable energy sources”, within
which, the author conducted researches and part of which are used in the Ph.D.
thesis.

The research is based on hypothesis that a production of an alternative
energy (biogas) positively influences resource movement of the producers of
the agricultural products, as well as, has a beneficial impact on the environment
and reduces the import of the energy.

Object of the research — alternative energy (biogas), but the subject of the
research — the production possibilities of the biogas retrieved from the
agricultural products.

The goal of the Ph.D. thesis resultant from the hypothesis is to evaluate the
economic and environmental effects of the production of alternative energy
(biogas) retrieved from the agricultural products in the context of the creation
of the bioenergy village.
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Main purposes for achieving the goal:

1)
2)
3)

4)

find out about the substantiation of the use of alternative energy in the
theory of economics;

analyze the policy of the increased use of the renewable energy sources
in the European Union, including Latvia;

work out simulation model of the biogas production and calculate the
economic and environmental effects of the use of biogas;

determine the use facilities of the biogas, retrieved from the agricultural
products, in the development of the bioenergy village.

Limitations of the Ph.D. thesis — the case of alternative energy in
Economics is analyzed in the theoretical part of the Ph.D. thesis, but the
practical research is based on the biogas of renewable energy sources that is
retrieved from the agricultural products. Power and heat are analyzed in the
work, but transport energy is not analyzed. Economic calculations of the energy
plant corn are done for two productivities of the cultivated plants to
characterize intensive and less intensive cultivation technologies and to be able
to compare them. A special attention in the Ph.D. thesis is paid to the
sustainable development influencing factors of the biogas production, other
energy resources are used to compare the achieved results.

Following research methods used to complete the tasks of the work:

common scientific: logical-constructive method, monographic, method
of analysis and synthesis, inductive and deductive method;

statistical research methods: descriptive statistics, regression analysis,
time series analysis etc.;

mathematical modelling methods: optimization problem;

other research methods: sociological survey, interview.

Following sources of information are used to complete the research:

scientific publications and scientifically practical information for
theoretical, social, environmental and economic interaction aspects of
energy and economics;

EU directives and regulations, as well as, laws of Republic of Latvia
and regulations of the Cabinet of Ministry, other political documents
about energy sector;

Eurostat, available information from the statistical data bases of the
Central Statistical Bureau of LR;

published information from EC, Ministries of Agriculture, Economics
and Environment and Regional Development, and other institutions;
survey of households in Auce about renewable energy sources and
capacity support;

commercial of Latvian enterprises about the prices of energy and its
resources, agricultural services and fertilizer;

other resources that are stated in the list.
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Research novelties
1) definition of the alternative energy has been supplemented,
emphasizing the conformity of the energy use to a sustainable
development of the region;

2) got evaluation on the scientists', agricultural specialists' and practicians'
suggested energy crops as a substratum of the extraction of the raw
material of the biogas, economic affect determined;

3) optimization model of the biogas substratum mixture is developed and
mathematical simulation of the biogas production is performed, getting
the evaluation of the economic and environmental effects;

4) determined the market value of the elements of the digestate feed,
influence of the digestate use on the reduction of costs and GHG;

5) support from the society to the wider use of production of the alternative
energy in Auce is determined;

6) Auce town based energy production model of the biogas village is
developed, which is generalized to 24 towns of Latvia that have an
access to the natural gas infrastructure.

Scientific contribution

The Ph.D. thesis supplements economic scientific researches in Latvia in

the field of alternative energy resources, especially, in the use of biogas in the
extraction of power and heat. The use of the term of alternative energy is being
specified within the work frames. A mathematical simulation model of the
biogas production has been worked out and calculations to evaluate economic
and environmental effects of this process have been done. Real town based bio
energy village model has been created for the first time in Latvia, which was
evaluated referring to 24 towns of Latvia with natural gas infrastructure.

Contribution of Economics

Ph.D. studies can be used for: biogas plants that use agricultural products as

substratum, when doing calculations: to determine the optimal mixture of the
substratum, energy balance, necessary land resources and the import
substitution value; to determine: environmental effects, GHG emissions and the
benefits from replacing the fossil fertilizers with digestate. There is a
calculation system worked out in the Ph.D. thesis to determine the market value
of the digestate, as well as, to calculate the necessary amount of the digestate;
to evaluate the energy crops both from the energy potential, and the economic
point of view. Done calculations in the model of the bioenergy village can be
used to create such villages in Latvia.

Thesis of defence

1) the use of alternative energy is a successful instrument to reduce the
external effects (externalities);

2) Latvia is taking part in achieving the common goals of renewable energy
of the EU, however, the promotion policy of the renewable sources in
Latvia is basically stopped at the moment;
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3) biogas that is retrieved from the agricultural products positively affects
the balance of the energy production and the environment;

4) creation of bioenergy villages will create efficiencies to farmers and the
society.

1. PRODUCTION INTERACTION OF ECONOMY
AND ENERGY

The content of the chapter 25 pages of the work, with 3 tables and 7 images.

In the theoretical part of the Ph.D. thesis, the author analyzes the cyclic of
the energy production and the replacement of the leading resources to a new
alternative resource, these questions have been viewed from the theory of
economics point of view. External effects or externalities of the energy
production are essential at the evaluation of the resources of alternative energy.

Inclusion of the external effects in the market system is a theoretical ground
to look at the energy production outside the scale economies frames, there is a
ground for a sustainable development. Concept of the bioenergy village is
analyzed in the sequel of the chapter, which includes the elimination of the
negative external effects of the energy, at the same time, promoting the
development of the surrounding territories.

1.1. Development of the usage of the types of energy resources
and the cost share

Alternative energy is not a synonymous with the concept of the renewable
sources, but is their inclusive concept. If renewable sources indicate their
ability to naturally regenerate or to their inexhaustibility, then the concept of
the alternative energy is based on the deliberate sustainable choice of the local
community. The author of the Ph.D. thesis suggests the following definition:
alternative energy — energy that is not conventional in its use and includes
evaluation of the economic, social, environmental gain and loss of the
society at a particular region and moment of technological development.

The greatest consensus is about the division of the primary energy resources
by the ways of their accumulation. Resources of the fossil energy are remnants
of the fossil accumulating for millions of years, that is why, objectively they
cannot be unlimited. Limitedness of the fossil energy often is the most
important factor that makes to review the possible alternatives for the benefit of
the resources whose exhaustion is impossible, or, so called, renewable sources
(flow energy sources), division of the primary resources schematically shown
in fig. 1.
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Figure 1. The division of the types of energy resources into stock and flow
energy.

Types of flow energy are mostly associated with the renewable energy:
energy that does not depend on the resource stock on the planet — wind energy,
solar energy, wind energy, water energy, geometrical energy, as well as, energy
that is obtained from biomass and waste. The last two types are characterized
by a higher level of certainty but limited amount of use at a particular time point.

Biomass energy has comparatively high fixed costs and, as well, high
variable costs, extraction of this type of energy resources can be characterized
by that — primary production, agriculture and forestry. The lowest investment
costs are specific to the use of natural gas to obtain the power, but the highest
costs are in the use of wind and hydro resources.

1.2. Externalities of energy production

In the field of dividing resources the market system is incomplete and one
of the imperfections are not included in the price, but during the production
process created externalities. Theory of economics distinguishes both positive
and negative externalities that are necessary to be included in the market
system to reach the Pareto efficiency. Concept of externalities has a long
history, started by Alfred Marshall's ideas (Alfred Marshall,1890) about
internal and external economy in the production of the enterprise that
transforms into the private welfare, which Pigou included in the economy of
welfare and it developed further and transformed into various directions. Today
different concepts of externalities are found. In general, theory of the
externalities is based on normative views (Baumgirtner, Quaas, 2010). From
the point of view of the theory of economics, external factors indicate to an
imperfection of the market.
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Improvement of the market system, including externalities and
compensatory costs into it is complicated, because connected to limitedly
defined property rights and practical realization of these rights.

Mostly it is about public property and public gains and losses created by its
use. In connection to energy production, negative externalities are more
common that are connected with emission production of GHG, which
influences the global climate creating losses to the society. The amount of costs
of the externalities can be calculated and it has been done in several researches,
where it has been stated, that renewable sources create less negative
externalities.

1.3. Development of economic and regional externalities

Externalities of scale economies and clusters appear because of the
enterprise being at a particular place. Marshall and Weber’s ideas were brought
back to life in a fundamental work of Krugman and Fuhita “New Economic
Geography”. The main idea of this work is about the meaning of clusters of the
location to reduce the costs by one unit. Inclusion of the damage to the
environment to the market system or reduction of the pressure to the
environment created by the economic development has employed the minds of
economic researchers for a very long time already. Kuznet's hypothesis that by
the increase of the income level of the citizens, inequality of the income
increases, but, by reaching a particular point, inequality decreases, which
graphically is like an overturned U type curve. If Environmental curve of
Kuznet would be confirmed, economy of capitalism would decrease the
negative impact to the environment itself. However, practically the economies
are very reluctant to incorporate the negative externalities of the environment
into their systems that is why; there are basically no prerequisites for this
hypothesis to be confirmed. Economic growth is not a cause, but a prerequisite
for reducing the negative impact of the environment (Mills, Waite, 2009).
Elizabeth Magnani (2001) states: theoretically it can be accepted that parallel to
income, by increasing elasticity for environmental quality, positive connection
between economic growth and environmental quality will form. Thus,
experiential researches do not allow to clearly state that the growth is
automatically connected to the improvement of GDP and the environment,
pointing to the important role of the policy-makers that influence the behavior
of consumers and the demand for the environmental improvement.

1.4. Conception of the establishment of the bioenergy villages to reduce
negative externalities in the energy supply and the participation of the
society

Other way of removing the negative externalities is connected with
initiative of the local society to use integrated solutions, including sustainable
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criteria and improving the quality of life. Practical examples are related to
development of so-called bioenergy villages. By integrating agricultural
production, forestry and energy production in a single system beneficial
sustainable development can be achieved for the field and the society.
Ensuring own energy needs with the local resources, more wholesome use of
the resources is being achieved, emissions connected to the GHG of the
transport are being saved, actions of the local enterprises are stabilized, as well
as, other benefits gained. An important role in the development of the
bioenergy villages has the production of biogas. However, every region has a
possibility to work out their own combination of the energy types that can be
considered as an alternative energy of the region.

Sustainable development of the 21* century city is not possible without the
analyses of the GHG emissions and energy resources (Kennedy et al., 2011).
Quite proactive is the idea of the creation of the bioenergy villages, which, in
the essence, is the development result of the metabolic ideas of the city, thus,
not as radical as an idea about the eco village, which, in author's opinion, is
confined to a religious community, because it anticipates also a united
spiritually cultural space.

Bioenergy villages are populated territories, where the energy needs are
met with the local alternative energy resources of biomass, improving the
economic, environmental and agricultural sustainability of the local
community.

Academician A.Kalnin$, expert of the renewable energy, admits that it is
economically justified to promote the creation of the bioenergy villages in
Latvia, because renewable energy sources are varied and are not used enough
(Kalnins, 2012). Bio villages use not only available resources in their villages,
but also the produced output and residues of the nearest farms and other
agricultural enterprises. One could say that the aim of the bio village is to
provide a successful symbiosis of agriculture, energy production and the local
society.
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Figure 2. Conception of the energy supply for a biovillage.

Kalnin$ and his colleagues, based on the results of system dynamic
modelling, state that to achieve the agricultural employees' income till the
average of EU, using only primary production, is not possible (Kalnins et al.,
2009). That is why the creation of the bioenergy village can be the way how to
increase the formation of the value added in the agriculture, influencing also the
income of the rural residents.

1.5. The land use dilemma for the production of the alternative energy

Energy production from the agricultural products is not a traditional activity
in the field of agriculture that is why; there are doubts about the effects created
by the change of the land resource use. The primary function for an agricultural
land is to produce food. The author of the Ph.D. thesis in this chapter, using the
regression method, does the calculations to evaluate the use efficiency of the
agricultural land in relation to the production of energy plants and food raw
materials and draws a conclusion that the efficiency depends on the product
type, and that energy production can be easily combined with food production.
Society benefits from energy and grain production are higher than from energy
production and livestock, that is why, energy production from the products of
agricultural origin cannot be the reason for insufficient supply of food.
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2. EU POLITICY IN THE USE OF RENEWABLE
ENERGY SOURCES

The content of the chapter occupies 19 pages in the work, with 5 tables and
7 images.

Chapter 2 of the Ph.D. thesis is devoted to the analysis of the energy policy
of the EU, which determines the practical solutions of removal or compensation
of the negative externalities of the energy in economics. Strategic objectives
and basic directives of the energy policy of the EU are market in the chapter,
that are largely directed to more integrated and proactive progress of the
member states to a sustainable sector of energy, putting forward the EU as a
world leader in this field with a common and more integrated energy market.
However, every member state has the energy policy in its own terms that is
why, to reach a common goal; member states choose different ways of
achieving the goal. Regulatory framework and support programs of the use of
renewable energy sources are analyzed in the chapter. To mark the performance
indicators of the energy policy, statistics that acknowledge the progress of the
use of renewable energy sources in the EU, including Latvia, are included in
the chapter.

2.1. Political framework to the wider use of renewable energy sources

2.1.1. The strategic objectives and basic directives

Energy policy of the EU in general is diverted to a sustainable energy
objective that first was determined in 1995 in the White book about the energy
policy of the European Union (An Energy Policy..., 1995). It was followed by
a Green book about the European Union strategy towards safe energy supply
(Towards a European strategy..., 2000) and also by a report (Final report on
the..., 2002), that anticipated to reach 12% share of renewable energy in the
energy balance of the EU.

Energy policy of the European Union can be viewed from four viewpoints:
competition, sustainability, efficiency and climate changes. The key documents
of the EU policies on each of these elements are included in Image 3, duration
of these documents is also indicated. There are 3 stages allocated to the
liberalization of the market of energy of the EU: 1996-2003, 2003-2008 and
2008-2014. Two renewable energy directives are established. These documents
are mostly related to promotion of competitiveness. Large emphasis in the
energy policy of the EU is placed on sustainability and efficiency.
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Figure 3. Development of the European Union energy policies over time.

Real promote-documents to the sustainable development in the international
space, at the same time, also growth contributory for the use of renewable
energy sources, is the Kyoto protocol accepted in 10997 (UNFCCC), which
anticipates the reduction of the greenhouse gas emission level for 5% in
comparison to 1990 to all the industrial countries (The Kyoto protocol..., n.d.).

In January 23, 2008, European Commission came out with an ambitious
proposal package to reduce the Climate change: Energy for a changing world
(Climate Action: Energy for a Changing World), whose goal is to fight against
the climate changes and to promote the use of renewable energy under the
liabilities of the EU. Proposals anticipate the reduction of the greenhouse gas
emissions by 20%, increase energy efficiency by 20% and increase the use of
renewable energy by 20% from the total consumption of energy.

Achievable goals in the share of renewable energy from the total
consumption of the energy for EU member states, including Latvia, are stated
in the Directive 2009/28/EK and are an important part of the energy policy of
the EU. The greatest share of the renewable energy from the total energy
balance is for Sweden, almost half of all energy, 40% in Latvia, and 38% in
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Finland. Essentially, this setting is proportional to already existing use potential
of the renewable sources.

Despite the fact that EU promotional policy of renewable energy is based on
common principles and common goals, every country, however, chooses own
policy promoting events and appropriate instruments, taking into consideration
the variety of renewable energy sources, historical development of the countries
and other factors. Sovereignty of the EU support policy is clear and acceptable.
However, EU goals for uniform energy policy and market create question about
united EU level support policy.

2.1.2. Market liberalization policy

Increased use of renewable energy sources would largely ensure the
removal of imperfections of the market and would lead to a sustainable
economy. Significantly in this matter is to create single energy resource market
in the EU. Liberalization of the energy market marks the significance of this
matter (see Image 3), where its final stage is planned in 2014.

part of the member states realize the liberalization of the energy market by
separating services of the management and distribution operators, generally
ensuring efficient market based energy distribution principles. Such separation
option has chosen also Latvia, legally separating operator of the system
management ,,High voltage network JSC” and operator if distribution system
,,@rid JSC”, control is ensured by independent institution — in Latvia it is Public
Utilities Commission.

Liberalization of the gas market is delayed in Latvia due to an exclusive
license between the Republic of Latvia and “Latvian Gas JSC”, which gives it
the rights and duties to carry out the realization of the natural gas in the
territory of the Republic of Latvia until February 10, 2017.

EU institutions stress that cross-border links must be continued to develop
to ensure the supply of all energy resources for the most competitive price to
consumers and the industry in the European Community.

In the context of liberalization of the energy market, a great dependence of
separate EU countries from the Russian energy supplies must be market,
especially it concerns the Baltic states.

2.1.3. Regulatory framework and support programs in Latvia

The renewable energy source market in Latvia is regulated by the Energy
Law and Electricity Market Law, which also sets the minimum achievable rate
of the renewable energy sources from the produced energy in the gross
consumption to 40% in 2020, in accordance to the Directive 2009/28. However,
essentially, the policy of renewable energy sources is regulated by the CM
regulations No. 262, adopted in March 16, 2010 ,Regulations on energy
production using renewable energy sources, and the procedure of the price
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determination”. They state the order how businessman can qualify to sell the
power in the mandatory procurement, as well as, states the formula, after which
the feed-in tariff for power that is produced with renewable sources must be
calculated. At the same time, the producer who uses renewable energy sources
for cogeneration processes can qualify to realize the power in the mandatory
procurement, in accordance with CM regulations No. 221, March 10, 2009 “
Regulations on the power production and pricing when producing the power in
cogeneration”. Basically, renewable power producer can qualify for the
mandatory procurement under one of these regulations of the Cabinet.

The fundamental difference is that CM regulations No. 221 regulate the
amount of the efficiently usable heat, whereas in the CM regulations No. 262,
the use of heat is not compulsory. Especially significant it is to biogas
cogeneration plants, as acknowledges the rapid growth of them in Latvia,
especially plants with biogas obtained from agricultural resources.

Another difference is that CM regulations No. 262 impose to produce the
amount of compulsory procurement of the energy, but regulations No. 221 does
not impose such requirement. As a result, several businessmen were forced to
change the mentioned plant capacities in the submitted projects in the contest.

In the bill of the renewable energy, which is being discussed for many years
in the political level, but still has not been established, restriction of the amount
of produced energy is no longer being anticipated. It is planned that the price of
renewable energy will be set by the market price and the premiums. However,
the author of the Ph.D. thesis doubts the energy producers' ability to act in a
free power market, for example, NordPool, it still requires some additional
costs that are related to trade analysis and realization.

Currently in force CM regulations No. 262 and compulsory feed-in tariffs of
the power stated in them, by the expert point of view, are relatively high, they
mark, that changes in the support system are needed. Thus, the new bill of the
renewable energy sources does not satisfy energy producers, as well as, public
dealers - ,,Latvenergo JSC”.

The bill provides only indicative targets relating to heat production and
transport energy from the renewable energy sources. Stated obligation to
efficiently use at least 50% from the produced, unutilized in home
consumption, should be positively assessed, what could be event hard to
control.

Together with these types of support, there are significant investment
programs allocated for completion the EU energy policy in Latvia that are
administrated by the ministries of Economics, Environment and Regional
Development, as well as, the ministry of Agriculture. An important condition
for investments are the list of criteria created by the ministries according to own
monitoring area for the producers of renewable energy. Although, each
ministry tries to put the stress on the criteria that correspond to its specific areas
and vision about them, basically, the requirements are quite formal. It is quite
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easy to work out criteria for wind or solar use, opposite is with biomass use for
the biogas production. It is connected with specific requirements of the
production.

The complexity of renewable energy sources has not turned into restrictions
of support policy, which, from one side, is positive, because promoted rapid
development, from the other side, this rapid development created new
opportunities and threats that influence national policy. Doubtless, investment
projects are necessary in the implementation stage of new and environmentally
friendly technologies, however, solutions for creating a better support system
and administration are being searched for already several years. Basically, since
May 26, 2011, Ministry of Economics does not organize contests for the rights
to sell the produced power from biomass, biogas, the sun or wind in the frames
of mandatory procurement, as well as, the rights to receive a guaranteed
payment for the installed electrical capacity, but new solutions are being looked
for.

2.2. Indicators of the use of renewable energy sources

In the direction of the increase of the share of renewable energy sources in
the total energy balance, it must be marked that the consumption of the
renewable energy sources has increased in the EU states, the tendency indicates
on the accomplishment of the set strategic targets. The most significant source
of the renewable energy sources is biomass, it provides 70% of the total
capacity of the renewable energy sources and it has the most rapid tendency of
growth. Water power is the second most significant source of renewable energy
sources, its share in the last years is decreasing thou. Wind and Geometric
energy still gives small input, although, looking in absolute terms, its amount is
rapidly increasing (Ilgtsp&jiga attistiba Eiropas..., b.g.).

Evaluating in absolute figures, capacity of renewable energy have increased
more than twice since the beginning of the nineties, in 1990, in the group of
15 EU states, the consumption of the renewable energy was 65 085 000 toe (oil
equivalent units) and 72 487 000 toe in the group of 27 EU states, but in 2008
these indexes were already 130252000 toe in the group of 15 and
151 047 000 toe in the group of 27 EU states. To be able to better evaluate the
progress of states in achieving the fixed targets of renewable energy in the
Kyoto protocol, it is necessary to evaluate the potential changes of the produced
renewable energy. The information about the changes in the 10 year cycle
(1999-2009) is included in figure 4.
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Figure 4. Capacity changes of the produced renewable energy in 1999-2009
in the European Community countries.

The greatest increase in the capacity of the produced renewable energy was
in Germany by 243% and in Belgium by 233%, but the lowest increase was in
Switzerland and Norway, which are not EU member states, but who have tight
economic links with EU. Progress of achieving the targets of EU policy varies
from country to country.

Capacity of produced power from renewable sources in Latvia in the last ten
years have been changing — around 3000 GWh, results are collected in Table 1.
Largely, this capacity has been influenced and will be influenced for many
years by large hydropower plants, at the same time; the input of the plants of
other types has been quite negligible. It can be said that the potential of small
hydropower plants is maxed out, because the produced capacity of the power
from them has not vastly increased. Growth potential is visible specifically in
the use of biogas and biomass in the power extraction.

Amount of Biogas power plants from 2003 has gradually increased, the
power of the produced power especially increased in 2011 — by 50 GWh in
comparison with the previous year, which is almost double. It must be taken
into account here that by introducing such support policy, its results statistically
will be visible only after 3 to 5 years. It is the time needed for learning the
experience, installation, identification and extraction of resources, as well as,
for carrying out administrative procedures.
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Table 1
From renewable sources produced electricity in Latvia in 2003-2011, GWh

Type  0f | 5003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

production

Sﬁﬂg’powa 2266 | 3109 | 3325 | 2698 | 2733 | 3109 | 3457 | 3520 | 2887

<1 MW 49 |64 |57 |36 |63 |64 |60 |69 |57
IMW<=

el.power<=10 | 5 6 5 4 6 6 6 6 4

MW

..>10 MW 2212 | 3040 | 3263 | 2659 | 2665 | 3038 | 3391 | 3445 | 2826

Wind power 48 49 47 46 53 59 50 49 71

Biomass

6 6 6 7 5 5 4 9 13
power plants

Biogas power | o |5y 136 136 |37 a0 |44 |57 | 107
plants

Total 2339 | 3196 | 3414 | 2787 | 2828 | 3213 | 3555 | 3635 | 3078

Source: Latvian statistics, n.d.

Existing policies of Latvia have tried as possible to ensure the price stability
of the energy resources. Latvia has the second lowest energy taxes in EU.

So, together with a wider use of renewable energy sources and the creation
of the financial support system of these resources, it is significant to find out, if,
by introducing the types of alternative energy, they can compete with existing
ones, and if society is capable of paying for the use of these resources.

Renewable energy, regardless of the support system to promote the
renewable energy, will inevitably influence households as final consumers.
Policy-makers in Latvia must be able to balance to goals with opposite effects.
From the one hand, external effects created by the use of fossil resources must
be included in the market system, promoting the use of renewable sources at
the same time, and partly, in a short term view, subsidizing its use for the
energy production, increasing the price and reducing the demand as a result.
From the other hand, households must be taken care of, so that the costs of
external effects of the energy would not put too much pressure on the
household budgets that could create negative external effects in other sectors,
for example, in the health care. Economic crisis in Latvia had a significant
impact on the support policy for the renewable energy, because, assuming that
economy would continue to develop, changing the support policy for the
renewable sources would not be socially so important.
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3. EVALUATION OF BIOGAS PRODUCTION
The chapter comprises 48 pages, including 15 tables and 16 figures.

In the third chapter of the Ph.D. theses, the author studies the production of
energy from biogas which is obtained from agricultural produce. A simulation
model of biogas production has been developed and respective mathematical
calculations performed to evaluate the economic and environmental effects.
The main task of the analysed model is to produce biogas from which the
obtained energy within the process of cogeneration is the realisable product.
Included in the chapter quantitative values have been calculated according to
the technical, economic and legislative terms of Latvia. However, calculations
can also contain deviations which allow the evaluation of biogas production
under different conditions of production. The obtained values initially have
been calculated presuming that mineral fertilizers are utterly used, but the effect
of the usage of extra digestate is analysed in the last subchapter of this chapter.
The chapter includes the calculations of the model; the principal scheme is
shown in Figure 5.

Environmental effects:
GHG emissions

CO, balance

Energy balance

Technical terms:
dry contents
biogas output
optimal power

Energy
production

Required resources: 260 kWe Economic effects:

land size (directly) electricity cost
land size (indirectly) heat cost
number of cattle digestate price
Source: author’s construction based on Nakata, 2004
Figure 5. Principal scheme of the evaluation model of biogas production.

The evaluation model of biogas production showed in Figure 5 foresees the
production of energy of 260 kW within the process of cogeneration. This
parameter can change according to the installed biogas equipment. The author
analyses the agricultural substratum of different origin, its usage efficiency in
biogas production, mainly following the costs of substratum preparation.

3.1. Simulation model of biogas production

For the present, it is not possible to obtain complete evaluation of biogas
production in Latvia as this field is comparatively new and little studied. With
missing statistical data, it is important to obtain reliable information that would
allow evaluating the possibilities of biogas production in agriculture, power
industry and development of regions. Basically, the production model is

74



production function that includes the production of agricultural produce
(substratum preparation), production of biogas, cogeneration process resulting
in obtaining and realisation of electricity and heat. Along with this process, the
processed substratum or digestate is created that can be returned into the
production cycle as fertilizer. The model is approximated to the biogas
production model of the Research and Training Farm of Latvia University of
Agriculture “Vecauce”, which ensures the conformity of the calculated values
with the results of practical actions.

Crop growing :Technological

Technological conditions technology  conditions

v v vy oo

Optimization of biogas| [Necessary  crop INecessary

substratum substratum fertilizers i
[Necessary — manure] INecessary fuel
substratum

[Necessary land [€  B{Technological
conditions

Technological conditions

A 4 \ 4
Captured GHG | |Emissi0ns GHG
A 4 A 4
GHG balance
v Technological e
- o echnological conditions
Biogas <condmons v v
production :IObtained energy | |Consumed energy
* * * Technological E:ergy ba]:r]ce
|Heat |Electricity| Digestate conditions
[
Obtained amount of NPK value Market value off
fossil fertilizers < *digestate
y v

Import substitution
v [import subsiit | SRS Vecauce

Costs l< information

|

Source: author's construction
Figure 6. Flow chart of the calculations of the simulation model of biogas
production.

The basis of the model is the land where cultivated plants for three
industries are grown: for energy production, for cattle breeding and crop
farming. The model foresees three relative production circles that integrate in

75



joint relatively closed system through energy production or, in particular,
through the preparation of substratum. The first circle is biogas production
resulting in biogas realisation or continues in the process of cogeneration
obtaining the produce for realisation (electricity and heat). The circle is
completed by the usage of digestate for soil fertilization. The second circle is
the production of cattle breeding produce. The gain from the realisation of milk
and meat is not calculated within the framework of the model as it is supposed
that cattle breeding and energy production do not substantially compete but
supplement with each other. The conjunctive element is cultivated plants that
can be used in cattle breeding as well as in energy production; but the usage of
manure in biogas production is considered to be the vindictive factor of ecology
in agricultural sectors. A contrary situation is in the production of crop farming
where, depending on the prices of products, an inner competition among
agricultural subsectors can develop thus leading to the additional demand for
land. The flow chart of the calculations of the production model of biogas
energy is showed in Figure 6.

An optimal composition of substratum, which is obtained by developing an
optimisation problem, serves as a basis for simulation model. The types of
substratum  determine the size of necessary land, technologies,
obtained/consumed amount of energy, value of import substitution, as well as
the extent of produced GHG emissions. The value of import substitution if
composed of the extent of saved fossil fertilizers that is compensated by the
usage of fermented substratum — digestate in fertilization of cultivated plants;
therefore, it is important to determine the market value of the digestate.
Besides, the savings from import result from the usage of local resources that
does not demand the import of energy resources.

3.1.1. Costs modelling of energy crop cultivation

Relatively broad spectrum of biomass can be chosen as raw material for
energy production. Determining the optimal composition of substratum, the
author of the Ph.D. thesis includes in calculations the surplus of cattle breeding
— manure, as well as different energy crops. The necessary calculations of the
substratum of crop farming in the simulation model are based on the
calculations of cultivation costs considering the evaluation of scientists and
practitioners about possible productivity under fixed technological maps. The
author of the Ph.D. Thesis substantiates such an approach by the factor that
plant productivity is hard to model; it can be influenced by climate conditions,
time of sowing, and time of harvest. Within the research the productivity is
assumed in accordance with the evaluation of scientists (A. Adamovica) and
farmers.

The comparison of energy crop cultivation on the output of green mass is
only a conditional transition period in order to evaluate the advantages of
comparative costs. The output of dry content, gain of biogas from dry content
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and the content of methane in dry content should be considered. However, in
order to compare the energy value of crop, the cognitions from the papers of A.
Kalnigs, J. Murphy, as well as Z. Gaile, J. Bartusevica, V. Dubrovska and other
scientists are applied. As a result, the comparative figure has been developed
where the author of the thesis shows the theoretical energy gain from one
hectare of the calculated energy potential of energy crops and the value of this
one energy unit in lats (see Figure 7).
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Source: author's calculations

Figure 7. Gained energy potential and its costs for different energy crops in
Latvia, kwh ha; LVL kwh™.

Despite the high energy value, the usage of maize in biogas production is
prevented by comparatively high energy unit costs from 0.029 LVL kWh™' for
winter wheat up to 0.042 LVL kWh™ for winter rye, as well as low theoretical
energy output from hectare — 12 up to 19 thousand kWh ha™ (see Figure 7). At
the productivity 50 t ha” the maize has an excellent total energy gain 52
thousand kWhha' at a low energy unit price — 0.012 LVL KWhieo '
Confirming the importance of corn productivity, the energy gain at the
productivity 50 t ha" is much lower - 31 thousand kWh ha™, which can be
compared with the indicators of perennials, but the energy unit costs are higher
0.014 LVL kWh,, .

While the perennials showed in Figure 7 as well as sunflowers are
distinguished by the high theoretical potential of energy gain from 1 ha, it
reaches 49.9 thousand kWh for galega, and 46.8 thousand kWh for sunflowers.
This indicator is also high for rape 49.9 thousand kWh if it is used as the plant
of green mass. But if we evaluate these plants from the point of view of costs,
the cheapest energy can be gained from the energy of galega — 0.009 LVL
kWh' and sunflowers - 0.011 LVL kWh™. From all evaluated perennial grasses
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the most expensive energy is gained from reed canary grass 0.017 0.017 LVL
kWh'.

Evaluating these indicators, three crops can be advanced as the most
perspective — maize, galega, sunflower, and also alfalfa. Moreover, the
intensive cultivation technology justifies when growing maize and by its
realization the harvest of 50 t ha™ of green mass can be gained.

3.1.2. Fermentation of substratum and production of biogas

Biogas is a gasiform fuel obtained as a result of anaerobic fermentation that
consists of 50-70% of methane (CHg), 30-40% of carbon dioxide (CO,) and
other components, for example, N,O, O,, NHy, H,S. It is possible to obtain
biogas naturally in marshes, peatbogs and landfill sites, as well as applying
special yeasts, from manure, sewage, green biomass and rubbish that
decomposes biologically. The energy value of the obtained biogas is within the
range 5-7 kWh m™.

The different types of substratum of agricultural origin have different
indicators that characterize possible output of biogas, content of methane in
substratum and dry content; the necessary time for fermentation should be
considered. Thus the costs per substratum unit are rather different.

Besides the characteristic features of substratum, choosing the optimal
composition of substratum the capacity of biogas fermenter and permissible dry
content that are needed to ensure optimal biochemical processes should be
considered.

3.1.3. Determination of optimal composition of substratum

The process of fermentation in the framework of production unit is limited
by various factors that must be considered to obtain the recipe of optimal
composition of substratum. The required conditions can be expressed as a
system of conditions (1.) and calculated as an optimization task thus obtaining
the amount of optimal substratum and proportion of composition.

X, +aXx, +a;X; +..ax, =b

€)X, +€X, +6,X; +..6X, —g (1)

X, + X, + X,
X+ X, + X +..X, =X

— energy standard from a type of substratum, kWh t "' per day™;
— maximal power of cogeneration station, kWh per day™;

— dry content in substratum, %o,

— optimal dry content in fermenter, %;

— optimal amount of the type of substratum, t per day;

— maximal possible amount of substratum supply, t per day.

where

MX e 6o
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The standard a; of energy production and the dry content in substratum e;
depend on the type of substratum — i.

The author of the Ph.D. thesis included in the optimization task the
condition of energy amount which is influenced by the power of cogeneration
station. The production of electricity is considered to be the main field of
activity, wherewith, for example, the values of mineral substances do not have

an important significance.

Table 2
Basic characteristics of the substrata used for modelling
liquid grain (winter o .
Type of substratum manure wheat) maize silage | grass silage
Electricity standard
(ax), kWh t! 39.00 1085.00 350.00 254.00
Dry content, % 7.00 87.00 33.00 35.00
ts_}‘bStramm price, LVL 15 00 113.00 20.57 30.18

Source: author's calculations based on Vecauce, 2012, Kalnins, 2009

The liquid manure is the cheapest substratum, but considering the
admissible amount per day that follows the optimal fermentation time of
substratum, only one third of required power can be obtained. In the example it
would be that 55 tons of liquid manure give only 2145 kWh of electricity or
34% of the required power — 6240 kWh per day. As the main condition is not
fulfilled, this alternative is not optimal. The recipe of the optimal composition
would be 12.7 tons (22%) of maize silage and 46.1 tons (78%) of liquid
manure; such proportion would allow obtaining the required power fitting the
limitations of the capacity of bioreactor, however, not achieving the required
average dry content (17%). The author of the Ph.D. thesis has calculated the
total cost of this composition of substratum — 353.26 LVL per day or 0.057
LVL kWh™ of electricity.

3.1.4. Modelling of required agricultural land

The calculation of the required land depends on the productivity of energy
plants, potential power obtained from the substratum of the respective
substance, dry content, number of cattle and their species. The liquid manure
can be considered as a by-product in food industry, therefore, the agricultural
land utilised for the needs of cattle can be relatively included.

The required amount of substratum in the optimization model was
calculated per day; therefore, when determining the total amount of substratum,
it is necessary to calculate its amount required to ensure 8000 h per year
foreseen in the electricity contract.

Following the same method, the author calculates the required amount of
substratum for cultivated energy plants. To ensure the production of electricity
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according to the amounts foreseen in the contract, 4233.3 tons of maize silage
and 15366.7 tons of liquid manure are needed.

The required size of land to prepare maize silage is calculated just dividing
the required amount of silage with the average productivity in the farm that is
50t ha™'. Then it is obtained that 84.7 ha of agricultural land are needed in order
to prepare silage substratum (power 260 kW, ).

It is more difficult to calculate the size of land in order to prepare
substratum from liquid manure. In the beginning, the required number of cattle
that can produce the required amount of liquid manure must be calculated. The
calculation is derived from the method described in the previous chapter and it
is obtained multiplying the number of existent cows with the standard of the
production of liquid manure or it is possible to count the total amount of liquid
manure. In the calculations it is applied that one cattle produces 22 t of liquid
manure per year, and then within the task of the model 698 cows are needed to
prepare the substratum of liquid manure. Afterwards, the author calculates the
size of land needed per cow and that depends on the technology and
intensification level of cattle breeding.

Considering the conditions of ensuring the food for one cow, 0.978 ha of
agricultural land are needed, multiplying it with the number of cows we obtain
the required size of land 683.4 ha.

In total, 768 ha of agricultural land are needed in order to be able to ensure
the work of cogeneration station for 260 kW in the closed regime. It should be
mentioned that the greatest part or 91% of utilized land is meant to ensure the
sector of cattle breeding.

3.1.5. Energy balance of biogas production

The use of energy can be divided into direct and indirect consumption of
energy. The direct consumption of energy is energy that can be expressed
directly in the units of energy (fuel, lubricants, electricity), whereas the indirect
energy (plant protection means, fertilizers) cannot be expressed in this manner.
Basically, the balance of energy can be calculated by summing the amount of
consumed fuel and electricity, as well as total consumed amount of energy
consumed as resources in the production and transportation of agricultural
products.
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Figure 8. Calculation scheme of consumed energy for substratum
preparation and processing into biogas from 1 ha of agricultural land.

The balance of energy is characterised by the ratio of consumed and
obtained energy or the coefficient of energy efficiency E, which was calculated
by the author according to the scheme seen in Figure 8.

EiegA
QdcgvA Rdcgv. + Qmincr?alm. Rmincra'\lm, + Qaizs, RaizsA + EclA RclA

where Ey — coefficient of energy efficiency;
Eicg. — amount of obtained primary biogas energy produced from
1 ha calculated by multiplying the obtained amount of
biogas with the lowest biogas heating capacity, Mj ha™;
Quegv. — the amount of fuel required for maize cultivation, harvest
and transportation to the place of biogas production;
Riegy. — the lowest heating capacity of fuel, Mj ha';
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Qumineraim~ — the amount of fertilizers required for maize cultivation, kg ha;

Ruinersim,  — primary energy consumption for fertilizer preparation, MJ
kg';

Quigs. — plant protection means required for maize cultivation, 1 ha';

Raizs — primary energy consumption for preparation of plant
protection means, MJ 1'1;

E.. — consumption of electricity, MJ;

Rl — primary energy content of electricity, MJ MJ 1

The author of the Ph.D. thesis performed the calculations pursuant to two
technologies of maize green mass cultivation: the intensive cultivation
technology with which the productivity of maize can be 50 t ha” and less
intensive technology with the productivity of 30 t ha™. In order to do
calculations, several standards, consumptions and relative calculations should
be applied; they can be found in more detail in the Ph.D thesis. The theoretical
and practical research of several scientists as Gerin, Dalgaard, Romanelli,
Milan, Pd&schl, Adamovia, Dubrovska and others are subjacent to the
calculations.

maize productivity 30
t/ha
)
b
11284
maize productivity 50
t/ha |
0 5000 10000 15000 20000 25000 30000
W fuel O fertilizers O plant protection @ electricity

Source: author's construction
Figure 9. Structure of consumed energy for biogas production from maize
silage considering the productivity of the cultivated plant, MJ ha™.

Consumed energies. Inserting the gained values in the formula of energy
balance calculation, it is obtained that the required energy by the productivity
of 50 t ha™' is 28 051 MJ ha™, but by the productivity of 30 t ha™ it is 18 315
MJ ha’. The summary and division of the results are shown in Figure 9.

The amount of consumed energy by the lowest productivity is 35% less in
comparison with the energy consumption by the productivity of 50 t ha™.
Calculating per one ton of maize green mass, 561 MJ t™ are obtained by the
productivity of 50 t ha™, and 610 MJ t™ are obtained by the productivity of 30 t
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ha'. Thus the advantages of intensive biomass production are proved despite
the higher specific energy consumption per unit of agricultural land, higher
productivity is more energy efficient. This calculation includes both the
preparation of substratum and energy production; therefore, it should be
perceived as an intermediate result. The ratio of consumed and obtained energy
should be evaluated that allow making more determined conclusions.

Obtained energy. The calculation is based on two values. Firstly, it is
necessary to determine the possible output of biogas from one ton of maize
green mass, secondly, to determine the energy value of biogas. If we assume
that 180 m’ can be obtained from one ton of maize green mass, the lowest
heating capacity of biogas is 21.6 MJ m®, pure methane — 35.9 MJ m’ (Smigins,
2008), then processing 1 t of maize green mass, 3888 MJ of energy are
obtained. 194 400 MJ ha™ are obtained by the productivity of 50 t ha™, and
116 640 MJ ha™ are obtained by the productivity of 30 t ha™ (see Figure 10).
The other authors (Adamovics et al., 2009) indicate that processing into biogas
it is possible to obtain from 36901 kWhha' to 46126 kWhha' or from
132 843 to 166 053 MJ ha™. In this energy balance the values calculates by the
author are in a larger interval because calculated by varied productivities, but
the calculated values of Adamovi¢s and colleagues could have been calculated
by the maize productivity of 40 t ha™.

Evaluation of energy balance. As it was mentioned at the beginning of this
subchapter, the energy balance is a ratio of consumed and obtained energy.
Inserting the obtained values in the formula of energy balance (see Figure 10):

o the ratio of obtained energy to consumed is 1 to 6.38 by the productivity

of 30 tha™;

e 1 t0 6.93 by the productivity of 50 t ha™. It means that consuming one

unit of energy we can obtain up to seven times more energy in return.

18315
maize productivity 116640
30t/ha
1 28051
maize productivity - 194400
50t/ha
| | |
0 50000 100000 150000 200000 250000
MJ/ha
O obtained energy B consumed energy

Source: author's construction
Figure 10. Obtained and consumed energy for biogas production from
maize considering the productivity of the cultivated plant, MJ ha™.
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In the research of Poschl and colleagues it is concluded that the fluctuation
of primary energy input and output ratio depends on the type of substratum and
transportation distance and it is in the limits of 10.5 — 64% (P&schl et al., 2010).
The energy balance result of the author of the Ph.D. thesis is similar to the
findings of the research in Germany although there are insignificant differences
in methods and chosen conditions about transportation distance.

The energy ratio indicates the existence of the economic significance of
production because the amount of consumed energy is significantly lesser than
the amount of obtained energy. Similarly, the aforesaid is confirmed that by
intensifying production with higher fertilization provision higher energy output
per unit of agricultural land can be obtained. Of course, this conclusion can not
be generalised, it should be aligned with the cognitions of agronomy on the
possibilities of fertilization intensification and harvest output.

3.1.6. Evaluation of amount of greenhouse effect gases in biogas production

In this subchapter the author of the Ph.D. thesis performs the calculation of
GHG balance; the calculation allows evaluating the balance of HGH with two
maize cultivation technologies. The visual scheme of HGH balance calculation
is similar to the scheme of consumed energy (see Figure 8). The values
characterising the extent of the activity are the same, different are the values
characterising the quality of the activity that, in this case, are related to the
extent of GHG emissions. In the calculations the addends are composed of the
multiplier that characterises the extent of the activity (litres, kg, kWh and
others) and the multiplier that characterises the quality of the activity (kg CO5eq
kg!, kg COyeq m” and others). The balance of emissions of greenhouse effect
gases can be calculated by multiplying the activity level by the emission factor
expressed in equivalent values of CO,, attributing to the extent (EM¢,) of CO,
attracted by plants. In the analytical mode of expression the formula is as
follows:

EMy = (Qacgv. * EFacev. T Qmineraim.® EFmineraim+ Quizs. *EFaizs. + Qa1 EFet, + Quiog. * EFdeaz.)-

EMieg,
3.)
where EMy — created extent of GHG emissions, kg CO,, ha™';
EMje,. — extent of attracted CO, (maize), kg COaq ha™;
Quaegy — amount of fuel necessary for cultivation, harvesting and
transportation of maize to the location of biogas production,
1 ha";
EFgeqn. — emission factor of fuel, kg COneq I
Qmineraim ~ — amount of fertilizers necessary for maize cultivation, kg
ha'l;
EFnineam  — emission factor of fertilizers, kg CO,,, kg
Quaizs — plant protection means for maize cultivation, 1 ha™;

84



EF,i — emission factor of plant protection means, kg COy,q r';

Q.. — amount of electricity, kWh ha'l;

EF. — emission factor of electricity characteristic for Latvia,
kg COyeq KWh'';

Qbiog. — amount of biogas obtained from 1 ha by cultivating
maize, m’ ha'l;

EF4eqs. — extent of CO, emissions created by burning biogas

(value of the standard), kg CO, m™.

The results are summarised according to the pairs of addends that form the
total extent of created GHG. But to from the balance it is necessary to calculate
the extent of CO, attracted by plants which is consumed in the process of
photosynthesis.

Created GHG emissions. Summing the total extent of created GHG
emissions in the whole biogas production cycle starting from the cultivation of
cultivated plants and ending with the burning of biogas, it is obtained that in
total 14340 kg CO,ha™ are created by the productivity of 30 tha” and
23565 kg CO, ha™ by the productivity of 50 t ha™'. The results on the separate
extents of created CO, are summarized in Figure 11.

The greatest part of emissions is created by burning biogas 9720 kg CO, ha’
and 16200 kg CO, ha™' that is somewhat under 70% of total emissions. The
next biggest group of created emissions is production and usage of fertilizers
that create more than 23% of total emissions. Evaluating the emissions per unit
of maize green mass, it can be concluded that the extent of emissions fluctuate
slightly; it is 478 kg COgqt' by the productivity of 30tha’ and
471.3 kg COpeq t? by the productivity of 50 t ha™.
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Figure 11. Extent of GHG emissions in the process of biogas production
from maize silage, kg CO,eq ha™.
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By virtue of the fact that the main product is energy, it is remarkably
important to calculate the total amount of GHG emissions per energy unit. To
produce 1 MJ of energy, 122.9 g COyxq are created by the productivity of
30tha” and 121.2 g COyq by the productivity of 50 tha™. It can be concluded
that the productivity of cultivated plants does not substantially influence the
extent of created GHG emissions. The calculation emphasise the great
influence of biogas burning process and fertilization means on the sustainable
biogas production. Therefore, the usage of digestate is an important factor in
the cultivation of substratum necessary for biogas not only as an economically
important condition, but also as a gain of the power industry and the
environment.

The extent of CO, involved in the process of photosynthesis. An
important environmental gain in power industry using energy plants is not only
the replacement of fossil resources, but also the attraction of GHG happening
within the process of plant photosynthesis. The amount attracted CO, can be
calculated multiplying the dry content by the factor of CO, attraction.

It is assumed that the dry content of maize in the green mass is 33%. It
gives the result that 9.9 tg,, per ha are obtained if the productivity of the green
mass is 30 t ha” and 16.5 t g, if the productivity is 50 t ha™.

For the calculation of the second necessary value of the factor of CO,
attraction (PFy.) the data from field observations are needed which are not
available for the author of the Ph.D. thesis. Therefore, the author will apply the
factors of CO, attraction already mentioned in the scientific literature. The
assumed factors of CO, attraction for maize silage is 17745 kg CO,ha™' by the
productivity of dry content 13 t ha™ (Chianese et al., 2009) or dividing per unit
of dry content mass - 1365 kg CO,t DM ha™, but dividing per energy unit the
gain from 1 ha is 0.114 kg CO, MJ " ha™'. The authors of the employed research
substantiate on the observations in the USA, the factor of emission attraction is
lower that in the research of Latvian scientists Adamovi¢s and colleagues
where it is 0.1767 kg CO,¢q MJ " ha” by the productivity of 40 t ha” of maize
green mass. It means that, theoretically, the maize in Latvia attracts more CO,
than in the USA which is hard to explain for the author of Ph.D. thesis. In the
research carried out in the USA the productivity is expressed in the units of dry
content, but in the research in Latvia it is expressed in the units of green mass,
the results are relatively comparable. Taking into account the prudence not to
create pretentious view of the biogas as sustainable product, the author will
choose the lowest of the values which is 1365 kg CO,t DM ha™'. The obtained
values can be put into the equation and calculate the extent of the attracted CO,.
By the productivity of 30 t ha' the green mass of maize attracts
13513.5 kg CO, ha™, but by the productivity of 50 t ha” the green mass of
maize attracts 22522.5 kg CO, ha™.

GHG balance. The obtained and calculated values in the chapter are
summarized in Table 3. In the calculation of GHG per MJ it is assumed that
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from one ha 116640 MJ of energy is obtained by the productivity of 30 t ha™
and 194400 MJ by the productivity of 50tha’. The comparator for
cogeneration of fossil energy fuel calculating the economy of energy according
to the item 19 of part C of appendix 5 of the Directive 2009/28 is
85 g COpeMI™.

In accordance with the balance of GHG emissions, during the cycle of
biogas usage, which is obtained from maize substratum, 7 g COyq MJ! are
produced additionally by the productivity of 30 tha” and 5.3 g COy¢q MJ"! by
the productivity of 50 t ha™'.

Table 3
Balance of GHG emissions for the production of energy from biogas using
maize substratum

Created Created Created Created

Source of GHG emissions kg COgeq g COgyq kg COgeq g COgyq

ha™* MJ* ha™ MJ*

Maize productivity Maize productivity

30tha™ 50t ha™

Transport and machinery 406.9 3.5 495.2 2.5
Fertilizers (N 34.4; NPK
16-16-16) 3373.9 28.9 5558.3 28.6
Fertilizers (N,0) 432.2 37 689.7 3.5
Plant protection means 86.3 0.7 86.3 0.4
Electricity 320.8 2.8 535.6 2.8
Biogas burning 9720.0 83.3 16200.0 83.3
TOTAL created COy: 14340.1 122.9 23565.1 121.2
Attracted within the process
of photosynthesis CO, -13513.5 -115.9 -22522.5 -115.9
BALANCE 1 826.6 7.0 1042.6 5.3
Comparator of fossil energy X -85.0 X -85.0
BALANCE 2 X -78.0 X -719.7

Source: author's construction

Comparing the extent of CO,q4 produced in biogas usage with the
comparator of fossil energy, a negative value is obtained. It means that during
the full production cycle of energy where the biogas is obtained from the
substratum of maize silage, but afterwards the electricity is produced in the
process of cogeneration, CO, is produced more than attracted within the
process of photosynthesis. Although the additionally produced values of CO,
exceed the values attracted in the manner of photosynthesis, they are still
comparatively small comparing to emissions of fossil energy usage. The ratio
of produced GHG emissions to the attracted in the manner of photosynthesis is
1:0.94 by the productivity of 30 t ha” and 1:0.96 by the productivity of 50 t
ha™'. Basically, this process is close to neutral.
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3.1.7. Amount and costs of produced energy

The costs of energy production consist of variable and fixed costs. The
division of costs included in the model is shown in Table 4. Substratum is the
base component of variable costs which according to the optimisation model
are 353.26 LVL per day or 128 939.90 LVL per year. Service and maintenance
costs consist of labour costs, costs of bioreactor maintenance and loading costs
for substratum.

Table 4
Division of energy production costs in the farm
simulation model, per year
Type of costs Sum of Costs per unlit, Coslj?]i[;erlﬁyfrgy Proportion
costs, LVL LVL KW,/ ' 1 of costs, %
KWhiietd saelek
Fixed costs 82 000 315.38 0.023 30.5
Variable costs
Substratum 128 940 495.92 0.036 47.9
costs
Labour costs 23 000 88.46 0.006 8.6
Services and 17 000 65.38 0.005 6.3
goods
Transportation
costs of 18 000 69.23 0.005 6.7
substratum
TOTAL: 268 940.00 1034.37 0.076 100.0

Source: author's calculations

The analyses of economic activities in agriculture allow various
accountancy versions to characterise inner consumption that can give different
results as well. The manager of an enterprise in order of necessity and market
situation competes in the market of meat products, as well as in the markets of
dairy products and plant-growing produce and the production of energy is a
stabilising factor of an enterprise. Costs per unit of energy, which are composed
by the produced electricity and expedient heat energy in the simulation model,
are an important indicator in energy production. The total produced amount of
energy is 3 559 215 kWh per year. The calculated costs per unit of energy are
shown in the 4™ column of Table 4. The fixed costs are an important
component of costs where the greatest part consist of payments for
cogeneration station, as well as costs for substratum which form almost a half
of total costs. Total costs - 0.076 LVL kWhmd‘s&clck'l can not be equated to the
realization price as it involves the total price of electricity and heat energy.
Practically, these are different markets therefore the prices and costs should be
divided in heat and electricity costs and realization price.
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Practical calculation of exergy is quite complicated and involves several
unknown parameters therefore within the framework of the simulation model
the author of Ph.D. thesis on the basis of the research of D.J. Kim (2010)
assumes the proportional division of total exergy which complies with 35% of
heat exergy and 65% of electricity exergy. In accordance with the previously
mentioned, heat costs would be 0.084 LVL kWh™' and electricity costs would
be 0.064 LVL kWh. These calculations do not involve the possible funding of
investments and production support programmes.

3.2. Effect of digestate usage

Digestate is a fermented substratum created in the process of methane
fermentation in a biogas production facility. Using the digestate, it is possible
to reduce indirectly the GHG emissions that are produced in the process of
agricultural production.

3.2.1. Determination of market value and required amount

The chemical composition of digestate depends on the substratum infused
for fermentation. Comparing compositions of various substrata, the ratio of
common nitrogen and phosphorus is less inconsistent, but the content of
calcium is inconsistent, it is mainly influenced by the dry content. As the
producers of biogas admit, the efficiency of practical usage of digestate in
practical field experiments has not been evaluated yet as the experience in
using digestate is quite insignificant in Latvia.

To determine the composition of nutrients (ratio of N-P-K) of digestate, the
the of Ph.D. thesis applied the average values which were obtained from the
biogas producers in Latvia and comments of the director of SRS “Vecauce” 1.
Grudovska. The laboratory analyses, which were performed on digestate
samples in Latvia, show that the greatest part of nutrients in it is composed of
potassium, in a lesser amount nitrogen, and the least is phosphorus.

Table 5
Value of plant nutrients of fertilizers and digestate, LVL kg/t*
Element of Price of clear Clear substance in digestate
clear substance of fossil 1 1
substance fertilizers, LVL kg™ amount, kg t value, LVL €
N 0.73 1.87 1.37
P 1.53 0.57 0.87
K 0.58 2.77 1.61
Total X X 3.85

Source: author’s calculations based on information for 2011 of Company Ltd. “Latfert”

To evaluate the economic effect of the usage of digestate, in point of fact,
means to compare with alternative costs, in this case with costs that result from
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using fossil fertilizers. The prices of clear substance of fossil fertilizers are
shown in Table 5, the value added tax is included in the price.

Employing the prices of clear substances and knowing the composition of
nutrients in digestate (N-P-K), the economic value of digestate can be calculate
following the formula:

Viigest. = ((Pavn * Baigh * Bsausn) T (Piarv.p * Baigp * Bsausn) + (Parvk * Baigk * Biausn. )) * 1000,

“4)
where Vg, — economic value of digestate, LVL t
P, — price of clear substance i of fossil fertilizers, LVL kg™;
Buigi — mass component of nutritive element i in dry content;
Bgasn,  — mass component of dry content in digestate;
i — nutritive elements N (nitrogen), P (phosphorus), K
(potassium).

In accordance with the calculations, the value of nutrients of digestate is
3.85 LVL t"'. To determine the prime cost of digestate, it is requisite to include
the costs of transportation and scattering as well which are rather high for
digestate due to little dry content. Also in the usage of fossil fertilizers the same
technological operations are requisite. However, the concentration of plant
nutrients of fossil fertilizers is much higher, wherewith the usage of plant
nutrients is economically more effective. Therefore, calculating the market
price of digestate the author of the Ph.D. thesis considers the additional costs
related to the scattering of digestate.

In compliance with the chosen technologies of maize cultivation and to
grow 30 t ha”' of maize, 116.8 kg of nitrogen, 48 kg of phosphorus and 48 kg of
potassium clear substance are needed. Whereas, for the harvest of 50 t ha™' of
maize 186 kg of nitrogen, 83 kg of phosphorus and 83 kg of potassium clear
substance are needed per ha. In order to determine the necessary amount of
digestate to replace fossil fertilizers, it is required to follow the necessity of
nitrogen as it is more volatile, and pollutes more the soil and surrounding
waters. The usage of this element is also regulated by the regulations of the
Cabinet of Ministers No.33. In the analysed example 62.5 t ha™ of digestate
fertilizer are needed by the productivity of 30 t ha” and 99.5 t ha™ by the
productivity of 30 t ha”. The comparison and calculated results of the usage
technologies of digestate and fossil fertilizers are included in Table 6.

The costs of scattering and transportation of fertilizers are six times lower
than of digestate or 21.31 LVL ha™ and 32.07 LVL ha™'. The difference of costs
of transportation and scattering of digestate and fossil fertilizers is 108.44 LVL
ha by the productivity of maize green mass 30 t ha” or 1.74 LVL t'ld,-g, and
174.57 LVL ha™ by the productivity of 50 t ha” or 1.75 LVL per ton of
scattered digestate.
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Table 6
Comparison of technological operations of transportation and
scattering/vaporization of fossil fertilizers and digestate considering the
productivity of maize biomass (t ha), LVL

Indicator Unit Fertilizers Digestate
Productivity tha® 30 | 50 30 \ 50
Costs:

Transportation LVL ha' 0.35 0.57 43.13 68.66
Cransp. LVL t', x x 0.69 0.69
Vaporization/ LVL ha'' 20.54 30.81 76.19 121.36
scattering LVL t'4, X x 1.22 1.22
Clzsmidz.izkl
Labour, Cjy.p LVL ha' 0.42 0.69 10.43 16.62
LVL t1g, x x 0.17 0.17
Total LVL ha' 21.31 32.07 129.75 206.64
LVL t g, x x 2.08 2.08

Source: author s calculations based on the prices of 2011

On the basis that using fossil fertilizers a purchaser accepts the costs related
to their scattering by the determined price of fertilizer, the value of mineral
substances of digestate can be lowered by a value that includes additional
expenses related to the scattering of digestate. Consequently, determining the
market value of the digestate we have to subtract additional expenses of
transportation and scattering 1.75 LVL t'ldig from the value of mineral
substances of digestate in terms of money 3.85 LVL t'. By the existing
conditions the market value of digestate is 2.10 LVL t'ldig.

3.2.2. Substitution possibilities of fossil fertilizers with digestate

The main advantage of the usage of digestate is related to the substitution of
fossil fertilizers. As the result of substitution the costs for fossil fertilizers are
reduced and reduced CO, amount related to the production of fossil fertilizers.

The author of the Ph.D. thesis determines the possibility to substitute fossil
fertilizers with digestate obtained from maize grown on 1 ha area. The author
assumes that from 1 t of maize silage 1 t of digestate can be obtained.

By the productivity of 30 t ha” of maize grown on 1 ha 51 kg of nitrogen,
15 kg of phosphorus and 75 kg potassium can be obtained. Similarly the
obtained amount of plant nutritive elements in digestate are calculated by the
productivity of 50 t ha™' considering 10% of loss, thus 84 kg of nitrogen, 26 kg
of phosphorus and 125 kg of potassium are obtained. The digestate obtained
from 1 ha of maize green mass can fully ensure the necessary amount of
potassium to grow 1 ha of maize. But apart from the productivity, the fertilizers
of nitrogen and phosphorus should be given additionally. The digestate by the
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existent conditions gives the economy of 44-45% of nitrogen fertilizers, 31 %
of phosphorus and the economy of 100% of potassium fertilizers.

Calculating the financial saving for a farm, the comparison of costs is
summed up in Table 7.

If the amount of nutritive in digestate is the basis for calculations, the total
economy from the usage of digestate is 103.68 LVL ha™ by the productivity of
30 tha™ and 173.60 LVL ha™' by the productivity of 50 t ha™.

Table 7
Comparison of costs of fossil fertilizers and digestate used
for maize fertilization considering the productivity
of maize biomass (t ha™), LVL ha™

Plant nutrients Maize productivity 30 t ha* Maize productivity 50 t ha*
Fertilizer costs LVL ha™ Fertilizer costs LVL ha™
element | price of fossil ol
clear 0ss1 . 0ssi .
substance | fertilizers | Gg°State | */- fertilizers | digestate |+
LVL kg
N 0.73 8541 37.23 48.18 135.78 61.32 74.46
P 1.53 73.44 22.95 50.49 126.99 39.78 87.21
K 0.58 27.84 43.50 X 48.14 72.50 X
Total 186.69 103.68 98.67 31091 173.60 161.67

Note: % is not calculated because Fertilizer K is ensured fully
Source: author's calculations

It can be concluded that in respect to the productivity the economy from the
reduction of the amounts of fossil fertilizers is a little bit greater than a half
from all necessary investment into maize fertilization. Thus, reverting the N-P-
K remained in digestate the economy of 56% of costs per one unit of area can
be gained which would have been spent on the purchase of mineral fertilizers.
Such amount of economy should be considered as maximum as the digestate
fertilizer is more difficult to diversify.

Including the rise in prices related to the transportation and vaporization of
the great amounts of digestate, it is gained that the economy per one ha is 41.04
LVL by the productivity of 30 t ha™ and 70.94 LVL by the productivity of 50 t
ha'. Comparing this economy with the costs of the usage of fossil fertilizers
per 1 ha, it is obtained that the total economy (costs of resources and
scattering) is 16 to 20%.

3.2.3. Environmental factors of the usage of digestate

The author determining the environmental factors of digestate has chosen a
simplified method where the effect of GHG which is created replacing the
fossil fertilizers by the digestate is a difference between the extent of emissions
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of the economised fertilizers in the usage of digestate and the extent of
emissions created by fuel necessary for vaporization of digestate fertilizers.

In the determination of the extent of GHG emissions the calculation data of
emission factors of BioGrace project were applied (Biograce — List of ...,
2011). The result are summarised in Table 8.

The total obtained economy of GHG emissions is 967.7 kg COq ha by
the productivity of 30 t ha and 1601.8 kg COgq ha™ by the productivity of
50 t ha™'. Calculating the proportional economy of GHG emissions from the
usage of digestate fertilizers in respect of total amount of emissions, it is
obtained that using digestate, the GHG emissions decrease by 29%.

Table 8
Economised extent of GHG emissions substituting fossil fertilizers with
digestate by the productivity of maize 30 t ha™ and 50 t ha™*

Amount of clear substance of Economised
plant nutrients, kg ha™ amount of
L expressed in the | Factor of GHG GHG
in digestate . . _
Element of phys1ca} amount emissions of emissions, .
plant _ of fertll_lzers* fertlllzers,_l kg COZ_eg ha
nutrients Malz_e _ Malz_e_ kg COyeq kg Malz_e _
productivity productivity productivity
tha' tha™ tha
30 50 30 50 - 30 50
N 51 84 146 240 6.209 906.5 | 1490.2
P 15 26 31 54 0.731 22.7 47.5
K 75 125 125 208 0.308 38.5 64.1
Total 967.7 | 1601.8

* equated values for fertilizers used in Latvia to the standards used in BioGrace research:
ammonium nitrate (N 35%), triple superphosphate (P,O, 48%), potassic chloride (K»0 60%)
Source: author’s calculations based on Biograce — List of ..., 2011

The additional GHG emissions in the usage of digestate basically are
created by the vaporization and transportation of digestate. The emissions of
greenhouse gases of technological processes are determined as the
multiplication of the factor of fuel emissions and the amount of used fuel. With
the great amount of transportation and vaporization of digestate
151.9 kg CO, ha™' by the productivity of 30 t ha™ and 243.7 kg CO,ha™ by the
productivity of 50 tha” are produced. Returning to the calculation of the
economised GHG emissions in the usage of digestate using the equation 3 it
can be gained that using the digestate as fertilizer in comparison with the fossil
fertilizers the economy of GHG is 815.8 kg CO,ha™ by the productivity of
30 t ha” and 1358.1 kg CO, ha™ by the productivity of 50 t ha'. Attributing the
obtained result to the total emissions related to the preparation of substratum it
is obtained that the usage of digestate decreases the extent of GHG emissions
created by the cultivation and preparation of biogas substratum by 18%
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(precisely 17.7 and 18.3 depending on productivity). The usage of digestate
creates a positive effect not only on the financial indicators of the biogas farm,
but it also affects positively the environmental sustainability of the farm.

4. CONCEPTION OF THE ESTABLISHMENT OF
BIOENERGY VILLAGE

The chapter comprises 22 pages including 6 tables and 5 figures.

The fourth chapter of the Ph.D. thesis is dedicated to the practical analyses
of conception of bioenergy village. The author by virtue of the formation
principles of German bioenergy villages applying the previously developed
simulation model of biogas production will perform calculations to evaluate the
economic and environmental benefits of the establishment of bioenergy village
and necessary for it resources. Within the chapter the results of the survey of
inhabitants are reflected in order to estimate the support of the society in the
usage of alternative sources of energy. At the end of the chapter the
calculations are performed to evaluate the benefits which would derive from the
realisation of such model of bioenergy villages in 24 provincial towns in Latvia
where the infrastructure of natural gas is available.

4.1. Conditions of establishment

The most significant in the establishment of bioenergy village is to attain
the full self-provision of heat (100%) and partial self-provision of electricity
(50%) using local resources; to improve the quality of the environment not only
in local level, but in general considering the creation of GHG emissions, to
integrate and improve the agricultural production with the help of more
effective usage of resources. To perform calculations for the establishment of
bioenergy village and evaluate the benefits it is important to: calculate the
energy demand; analyse the existent offer and the availability of existent
resources; analyse the support of the society in the usage of renewable sources
in the energy industry in the case of the development of bioenergy village.

Not all the results can be calculated using technical conditions; therefore,
the author has chosen one provincial town of Latvia — Auce which is the basis
for the calculations performed in this chapter for the development of biovillage.
The choice is substantiated by the fact that SRS “Vecauce” is a part of the
research infrastructure of LUA; it has its own biogas station which could
potentially provide households with heat; the situation has historically
developed that the SRS already now provides part of the households of Auce
with heat.

In the evaluation and analyses of the establishment of bioenergy village, the
author of the Ph.D. thesis uses the concept “village”, although Auce is a
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provincial town. In accordance with the administrative division of Germany the
local administrative units are villages. In the scientific literature the term
“bioenergy village” is also used and not “bioenergy town”. It should be
considered that the establishment of bioenergy village can be attributed to some
part of the town therefore the application of the term is acceptable.

4.1.1. Demand for energy resources

Analysing the potentialities of the establishment of bioenergy village one of
the most important conditions is the sustainable demand for energy which is
characterised by a stable long-term demand for energy and the ability of the
inhabitants to cover the expenses for energy.

Auce is a typical provincial town of Latvia with the rural area (4371.7 ha)
including the urban territory of Auce 366.0 ha. Less than 4000 inhabitants live
in Auce town and Vecauce parish.

In order to determine the required amount of heat and electricity for
households in Auce, the author of the Ph.D. thesis applies two ways if
information acquisition:

1) for the heat the data are obtained from the suppliers of central heating,
but in the case of private houses from the data of the survey of
inhabitants;

2) for the electricity the data were obtained calculating from the local
consumption from the survey of inhabitants (the survey carried out in
2010).

In accordance with the data of the Council of Auce, the number of
households in Auce town on 1 January 2010 was 1104, and 561 of them lived
in private houses, but 543 — in block houses. During the research, 566
households were surveyed, which accounts for 50% of the target group, of
which 267 households (47.5%) lived in private houses and 297 (52.5%) in
block houses.

Considering all previously mentioned conditions and performing
calculations it is obtained that in Auce town during a year 6804.6 MWh of heat
and 3 765 MWh of electricity are required.

4.1.2. Supply of energy resources

One of the main obligatory principles of the establishment and operation of
bioenergy village is the usage of the energy resources of local origin.
Therefore, it is necessary to analyse the possibility to use local primary energy
resources.

The electricity in Auce territory is supplied by AS Latvenergo, the central
heating is provided by Ltd. Company “Auces komunalie pakalpojumi” and SRS
“Vecauce” of LUA. Since 2003 Ltd. Company “Auces komunalie
pakalpojumi” uses one boiler house where woodchip is burnt, but SRS
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“Vecauce” of LUA in its boiler house uses wood and liquid gas as an additional
fuel.

Vecauce biogas station provided the production of electricity of
1 768 530 kWh (in 2009) and 1 626 980 kWh (in 2010) calculating 284 kWh
per household in Auce or 3408 kWh per year, consequently the biogas station
can ensure 518 households with electricity which is half of the households in
Auce.

As it was described in Chapter 3, from agricultural products, the most
efficient way is to produce energy from biogas using cattle breeding surplus as
a basic resource. In this chapter, the author of the Ph.D. thesis has analysed
possible suppliers of resources and amounts of energy resources of biovillage.

Analysing the potential surplus of cattle breeding the distance from cattle
breeding farms (manure depositories) to biogas production units should be
considered. The greatest amounts of resources are associated with the pig-
breeding complex of SRS “Vecauce” of LUA, the pig-breeding complex of Ltd.
Company “Baltic Breeders” in Ile parish, Latvia State Forest and private
resources of forest stands, as well as 83 peat extraction places in Auce area.

4.1.3. Public support for the establishment of bioenergy village

One of the assignments of sustainable economics is the public support for
integration of external effects into the market system. The public support for
the establishment of bioenergy village is one of the most significant and the
most complicated to achieve conditions to reach the target.

In economics the willingness to pay is understood as the person’s maximal
readiness (willingness) to pay in order to compensate some benefit or damage
that result from the economic activities, but is not included in the costs of
products. In order to estimate the public willingness to pay the author of the
Ph.D. thesis carries out a sociological survey with the target to determine
hypothetical or actual readiness of consumers to pay. Only slightly more than
one fifth (22%) of households are ready to increase the costs of energy
consumption in order to support renewable sources. The majority think that the
present contribution of a household is sufficient or the present situation does
not allow paying more for the more extensive usage of renewable energy.
Overall 362 respondents (64%) have declared that they do not want to pay
more.

From the components of bioenergy village described above — energy
demand, energy supply and public support, exactly the last one is the most
sensitive issue and is related to greater risks. The public support in the form of
the readiness to pay is an amenable and changeable indicator.
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4.2. Analyses of energy production required for bioenergy village

In this chapter based on energy demand and possibilities of resource supply
the author of the Ph.D. thesis regarding the example of Auce develops the
model of energy production in bioenergy village (see the flow-chart of
calculations in Figure 12).

Energy demand (50%
electricity, 100% heat)
v v
Electricity demand Heat demand
/ *
| Biogas energy production | |Wood energy production |
v

| Amount of energy resources and costs |

| Investment I_ A 4
Cost of

—>|C0Sts of electricity I_, electricity unit
L_CICCLIICILY unit |

—>| Costs of heat I_’ Cost of heat unit|

Amount of digestate
fertilizers

| Maintenance costs |_+ Total costs

|Producti0n support for RE I_
A

L
»| Amount of Value of o] Value of import |
GHG electricity import v substitution
A A
Emission Value of heat
factor for import

Source: author's construction
Figure 12. Flow-chart of calculations for the model of energy production in
bioenergy village.

The following components of energy production are offered in the model:

- biogas cogeneration (electricity and heat are obtained);

- firewood is used to produce heat.

These two components have been combined in the unitary model of
bioenergy village, but in order to compare the obtained results with the energy
supply dominating now in towns the author also includes the component of
fossil resources — version of fossil energy.

The production is considered to be a priority that ensures the bioenergy
village with electricity and part of the required heat. The rest of the required
heat is ensured by the boiler house heated with firewood.
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The version of the usage of fossil energy is calculated by the similar scheme
as in Figure 12. In this case liquid natural gas is used, no cogeneration is used
but the local production of heat, and therefore the scheme is simpler. The public
trader ensures the supply of electricity.

There are several assumption applied by the author of the Ph.D. thesis: the
heating season is 4100 h per year; the efficiency of the boiler is 0.8; the lowest
burning heat of the wood is 2.838 MWh t'; the lowest burning heat of the
woodchip is 2.79 MWh t; the time of depreciation of boilers is 12 years;
support amount of 40% from referable costs; 3 stokers are employed full time;
administration costs 2% of total costs etc.

Comparing the characteristic indicators of components of biogas
cogeneration with obtained indicators of components of wood usage, the
complicity and capacity of biogas production are clearly seen. Total costs of
biogas production calculating per unit of MWh are 117.54 LVL a year which
are considerably higher than using wood. However, it is important to mention
that these indicators are not comparable directly.

Creating the synergy from energy produced from biogas or wood resources
the demand for the heat produced from wood is decreased in the calculations; it
is compensated by the heat which is produced in the cogeneration station of
biogas. The amount of heat besides the heat produced in biogas station, which
should be ensured from wood, is 5325.4 MWh or 78.3% of total amount of heat
a year.

Within the framework of the Ph.D. thesis, the author calculated the version
of energy supply of fossil resources which can also be considered as partly
alternative as in this version the heat supply foresees the transition to liquid gas.
The assumption applied in the calculations: the heating capacity of oil gas is
27 000 Kcal m™; the price of liquid oil gas is 1.81 LVL m™; gas boiler house
with gas reservoir costs 220 000 LVL; 2 stokers are needed; the electricity price
is declared by AS Latvenergo, 0.035 LVL kWh™'; the density of the liquid gas
is 2.26 kg m™ etc.

The results of the calculations are shown in Table 9 comparing together two
alternatives: the version of the alternative of combined bioenergy village
(formed of the components of wood heat and biogas cogeneration) and the
alternative of fossil energy.

The production of energy in bioenergy village is closely related to the
agriculture because a part of primary energy resources are agricultural products.
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Table 9

Comparison of the production alternatives of the model of bioenergy
village and fossil energy

Indicators Unit fVe_rsmn of Bioenergy village
ossil energy
Heat demand MWh 6804.60 6804.60
Electricity demand MWh 3765.10 3765.10
4233.30 t silage
t; 15366.70 t liquid
Resource demand m 239 695 m’ manuie
in bulk m’® liquid gas 2636.40 m® wood
3728.60 in bulk m’
woodchip
Value of fuel resources LVL|kWh 0.06 0.02
Heat output MWh 6 804.60 6 804.60
Electricity output MWh 0 2 080.00
Heat supply, % % 100 100
Electricity supply, % % 100* 55.20
Investments for equipment LVL a year 14 666.67 82 410.00
Maintenance costs LVL a year 44 709.69 125 810.39
Substratum costs LVL ayear | 433 847.95 190 458.36
Total costs LVL a year 493 22431 398 678.75
Support for investments LVL a year - 32 964.00
Suppo_rt _for production LVLIkWh i 0.10-015
(electricity)
Total costs with support LVL ayear | 49322431 365 714.75
Heat costs LVL kWh 0.07 0.03
Electricity costs LVL kWh 0.03* 0.08
Created amount of emissions t COpeq 1886.24 93.50
Value of import substitution LVL a year -1825.31 199 060.69

Note: * it is assumed that the public trader ensures it in accordance with the tariff confirmed by

PUC
Source: author's calculations

Carrying out the calculations according to the flowchart in Figure 12, the
author of the Ph.D. thesis acquires the following indicators of the bioenergy
village Auce:

1) to ensure the demand for resources 4 233.3 t of silage and 15 366.7 t of

cattle liquid manure are required, as well as 2 636.4 m’ of wood and
3 728.6 in bulk m’ of woodchip;

2) to produce silage 84.7 ha of agricultural land are needed, to certain
extent it can be said that this land needs the change of usage from
production of food to production of energy resources. Here also the
uncultivated agricultural land can be used which is 3 179 ha in Auce;
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3) public support, readiness to pay for renewable energy is a developable
and changeable factor. It is equal as in Auce so in Latvia in general.
22% are ready to pay more for this kind of energy;

4) each year the bioenergy village will give the economy of 1 792.74 t
CO,q GHG emissions in comparison with the usage of fossil energy in
the supply of energy. In the national level 199 060.69 LVL will be
economised which would otherwise be spent for imported energy
resources;

5) the expenses of households for heat will not increase. The opposite
situation is with the electricity, these expenses in the case of bioenergy
village are higher than average expenses for electricity offered by the
public trader in Latvia.

However, the price of electricity includes more components as the costs for

the services of transmission and distribution grids, costs of the obligatory
purchase, the costs of trade service of electricity and VAT.

4.3. Possibilities of establishment of bioenergy villages
substituting natural gas

By the energy production model of bioenergy village developed by the
author of the Ph.D. thesis, Auce has possibilities to implement the idea of
bioenergy village, however, by now only formally as there is no substantial
public support for the idea. The positive effects of alternative energy can
become apparent in cities using natural gas for their consumption. Therefore,
the author of the Ph.D. thesis will adapt the model of bioenergy village
developed in this chapter for 24 populated areas in Latvia which can be named
as provincial towns wherewith they basically are similar to Auce and which
have the infrastructure of natural gas. The author considering the calculations
made in the previous chapter 4.2 and the obtained results will calculate the
economic and environmental benefits if the towns of Latvia with the
infrastructure of natural gas were transformed into bioenergy villages.

In total there are 168 083 inhabitants in the chosen towns which is 8.2% of
the population of Latvia or 16.9% of inhabitants in Latvia who do not live in
the republican cities. The author cannot get the complete information about the
number of households, energy consumption and its structure, therefore the
example of Auce bioenergy village will be applied.

In total in all 24 bioenergy villages 80 905 MWh of electricity and 295 638
MWh of heat would be produced. The possible consumption of heat is low if
the author assumes that a half of households are heated with natural gas and
only a half use renewable sources. The greatest potential for transmission from
natural gas to renewable sources has Riga planning region where there are most
of towns complying with the criteria.

The obtained decrease in GHG emissions 44 463 t CO,q a year on the total
amount produced in the sector of energy is insignificant. Comparing to the
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amount of 7197 t CO,.q of GHG produced in the sector of energy in 2011, the
economy is 0.62% of this amount. The bioenergy villages would create 1.62%
increase in proportion of renewable energy sources in the proportion of primary
energy resources which is a significant result in relation with the reachable 40%
of renewable energy sources in the proportion of consumption of primary
resources in 2020.

The value of import of Latvia in 2011 was 5 998 518 thousand LVL. The
bioenergy villages would give the decrease of 0.14% of the value of import. If
calculating together the product categories of import: natural gas, electricity,
nitrogen, phosphorus, as well as potassium, 359 082 446 lats are needed to
purchase them. Substituting a part of these products by the energy produced in
bioenergy villages and the amounts of plant nutrients, the economy of the value
of import of 2.31% is gained.

There are 2 423 231.1 ha of agricultural land from which 368 500 ha was
uncultivated land in 2010 (Dubrovskis, 2012). The required land for the needs
of bioenergy villages is 3 293 ha which is related to the change of usage, it
should be allocated to the cultivation of maize silage, that would create only
0.89% of uncultivated agricultural land. To ensure the required substratum of
cattle waste 27 180 units of cattle are required which would create 7.2% of
number of cattle in 2009, for the maintenance of the cattle 29 877 ha of
agricultural land or 8.1% of uncultivated agricultural land are needed.

An important condition in the establishment of bioenergy villages is the
availability of resources; especially it is related to the raw materials of biogas —
energy plants and liquid manure. The energy plants can be successfully
cultivated in any region of Latvia; therefore, the only limiting factor in
preparation of substratum from energy resources is agricultural land.

Comparing the size of uncultivated agricultural land with the required size
of agricultural land for the establishment of bioenergy villages, it can be
concluded that only 5.8% of total uncultivated lands of the land resources in the
areas of mentioned towns would be necessary. There is no such area of 24
towns where the size of uncultivated agricultural land would be smaller limiting
the establishment of bioenergy villages. If we assume that the lowest heating
capacity is 5.27 kWh m™, then cultivating these lands it is possible to obtain
2 708 764 kWh of electricity and 3 869 663 kWh of heat, which is 7.6 times
more than is required in 24 towns.

The number of cattle required for the needs of establishment of bioenergy
villages is sufficient and makes 35.4% of total number of cattle grown in the
areas of 24 towns of Latvia. However, unlike the size of uncultivated
agricultural lands, there are 6 areas of towns where the number of cattle in
insufficient to apply the model of biogas production. Predominantly these areas
are in the planning region of Riga: Incukalns municipality, Kekava
municipality, IkSkile municipality, Olaine municipality and Salaspils
municipality, as well as C@sis municipality — in the planning region of
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Vidzeme. However, it does not mean that the heat produced in the biogas
cogeneration stations could not be used because other resources (sewage
sludge, manure of domestic birds and pigs, green mass etc.) The biogas
cogeneration stations located in these areas would have to create the
composition of biogas production substratum of a different kind which would
slightly change the evaluation of the effect of the usage of produced biogas. It
must be emphasised that the potential of biogas production in the nearest areas
of these towns is much bigger than necessary to ensure the heat for inhabitants.

1.

CONCLUSIONS

The substantiation of the usage of renewable energy is determined by
the necessity to prevent the negative external effects (externalities)
created by the usage of fossil energy which provide loss for the society.
The market controls the private costs of the production, but the task of
politicians is to ensure the operation of the incurring of public expenses.
The successful development of territory is related not only to the
application of the objective advantages of the region in the facilitation of
wealth, but also to the decrease of created negative external effects and
facilitation of the creation of positive external effects. A significant
condition of the prevention of negative external effects in regions is
more valuable usage of local resources forming related relationships
among local entrepreneurial units. The conclusion is based on the idea
of industrial symbiosis which has expended and gained the shape of
town symbiosis which is important ensuring the process of
sustainability.

The establishment of bioenergy village can successfully ensure the
demand for energy of a populated area applying the facilitation of
closer cooperation among inhabitants, energy producers, as well as
farmers and foresters. The bioenergy villages have confirmed their
practical significance in ensuring sustainable development both in
developing countries (India, China, Tanzania, Uganda) and developed
countries (Germany, Finland, Sweden). Although the unequivocal
model of a bioenergy village applicable in any region does not exist,
however, the influencing factors can be identified: perspectives of
development of a village or town, local primary energy resources,
existing infrastructure, public support, state and regional environmental
policy.

The solution of the dilemma of food and energy based on the
insufficiency of land is that the effective usage of land can be gained
by the combined production of energy and food. The total output of
energy from energy plants and food crops is bigger than from cattle
breeding or its combination with energy production. It is a theoretical
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substantiation for biogas production from energy plants. At the same
time the society is not ready to exclude the production of cattle breeding
products, therefore, the waste of cattle breeding must be combined
with the production of energy from energy plants.

. The EU countries have defined common objectives of the energy
industry, to decrease the amount of GHG emission for 20%, to increase
the usage of renewable sources in the energy industry for 20% and to
improve to efficiency of energy consumption for 20%, as well as to
move forward to a common energy market. It is planned to achieve these
objectives by 2020. However, the practical strategy to achieve these
objectives is in term of each member state, it is determined by
national peculiarities, availability of resources, policy interests of other
fields (agriculture, forestry, regional development).

. Various researches have proved the positive importance of
alternative energy in the decrease of GDP and trade balance. GDP
mutually positively influences the formation of capital, import of
energy, production of renewable sources, but insignificantly influences
the trade balance. The usage of renewable energy positively influences
the import of energy which means that the renewable energy has no
effect of substitute. Basically every type of energy in different regions
can have different results; therefore, the usage of different types of
energy must be evaluated in the particular territory including the
evaluation of influence on import, GHG emissions and energy balance.

. The economic crises substantially influenced the facilitation policy
of renewable sources in Latvia, posing the questions on the capability
of the society to pay for the facilitation policy of renewable sources. If
we assume that the economics continued to develop, then the necessity
to change the facilitation policy of renewable sources would not be that
explicit. The implementation of alternative energy will happen
comparatively easier in regions where the amount of external effects of
the differentiation of energy prices will be respectively lower against the
base income.

. Comparing various cultivated energy plants as possible substratum for
biogas production, maize should be particularly accentuated, as well as
galega, sunflower and from perennials — alfalfa. Maize shows good
indicators of actual cost by intensive production — 0.012 up to
0.014 LVL kWh™' depending on productivity. The significant amount of
harvest of the maize — 52 000 kWh ha™ by the productivity of 50 t ha™
must be emphasised. Sunflower and galega also have high energy
potential. Cost of energy unit of galega is only 0.009 LVL kWh™' and for
sunflower — 0.011 LVL kWh™'. The cost of energy unit of alfalfa is
0.013 LVL kWh'' with overall very good energy gain from hectare.
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10.

11.

12.

13.

The optimal composition of substratum in order to decrease energy
costs, considering dry content, biogas output, as well as the actual cost
of the type of substratum is 22% of maize silage and 78% of liquid
manure. The total costs of this type of substratum would be 0.057 LVL
kWh' of electricity. Using the components of the composition of biogas
substratum as a restrictive factor of the support for energy production, it
would be useful not to decrease the possible amount of substratum from
energy plants under 25% of total amount of substratum. Applying such
proportion of substratum, to produce silage 0.0407 ha MWh™' are
needed, whereas for cattle breeding it is eight times more - 0.3286 ha
MWHh™. The intensification of biogas can be related to the increase of
the importance of the energy plant in substratum, moreover the changes
in land usage will not happen linearly.

Calculating the energy balance for biogas production which includes
the energy needed for the cultivation of substratum and processing in
cogeneration station, it was ascertained that the proportion of the
obtained energy against the consumed energy is 1 against 6.38 by the
productivity of 30 t ha” and 1 against 6.93 by the productivity of 50 t
ha'. Consuming one unit of energy, the energy is being produced seven
times more. The intensification of energy plant cultivation, increasing
the productivity to 50 t ha”, improves the efficiency of energy
production by 7.9%.

In accordance with the obtained balance of CO,, in the production of
biogas from the substratum of maize additional 7.0 g CO, MJ"' by the
productivity of 30 t ha™ and 5.3 g CO, MJ™' by the productivity of 30 t
ha”', consequently the intensification of energy plant cultivation
reduces the amount of GHG emissions. The proportion of created
GHG emissions against the attracted CO, in the manner of
photosynthesis is 1:0.94 or 1:0.96, basically, this process is close to
neutral.

The major component of biogas production costs is the costs of biogas
substratum (47.9%) and fixed costs (30.5%) where the greatest amount
is made of the investment in the construction of the station. Dividing all
production costs of the energy on one energy unit 0.076 LVL kWh of
the useful energy are obtained. Dividing these costs on heat and
electricity 0.084 LVL kWh™ of heat costs and 0.064 LVL kWh™ of
electricity costs are obtained. It means that without the financial support
of the society the production of energy from biogas is expensive and
cannot compete with conventional production units.

Following the content of the nutrients of digestate, its market value is
3.85 LVL t', but considering the additional transportation and scattering
costs of 1.75 LVL t” related to the bigger amounts in comparison with
fossil fertilizers, then the market value of the digestate is 2.10 LVL t™.
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14.

15.

16.

17.

18.

The usage of digestate creates a positive effect not only on the
financial indicators of biogas farms, but also positively influences the
environmental sustainability of the farm. Substituting fossil fertilizers
with the produced digestate, the economy of 41.04 LVL ha™' is gained
by the productivity of 30 t ha™ and the economy of 70.49 LVL ha by
the productivity of 50 t ha™ or 16 to 20% of the costs of the usage of
fossil fertilizers. Also it reduces the amount of GHG emissions by 7.0 g
CO, MJ"'. The usage of digestate in fertilization of cultivated plants
reduces the amount of GHG emissions in the atmosphere and the
potential of global warming.

The public support for alternative energy in Auce is relatively weak.
Only 22% are ready to pay more in order to facilitate the usage of
alternative energy. This level of support is very similar to the support of
the society in Latvia in general, 20% of inhabitants support the increase
of alternative energy.

Employing Auce town as a modelling example of bioenergy village, it
was ascertained that bioenergy village will ensure the economy of 1
792.74 t COyq of GHG emissions per year, as well in the national
level 199 060.69 LVL will be economised, which otherwise would be
spent on imported resources.

Attributing the model of bioenergy village of Auce to 24 towns of
Latvia where there is the infrastructure of natural gas, 44 463 t COxq or
0.62% of the GHG emissions of energy industry would be
economised. Bioenergy villages in these towns would create the
increase of 1.62% of the proportion of renewable energy sources in
the proportion of primary resources. Bioenergy villages would decrease
the value of imported energy and fertilizers by 8 282 353 LVL. The size
of agricultural land related to the cultivation of substratum for energy
production will be 3293 ha or 2.12% of uncultivated agricultural
land. In general, establishing the model of bioenergy in 24 towns of
Latvia, the created environmental and economic effects would positively
influence local town, but in the national level the changes would be
insignificant.

Considering all aforementioned conclusions, the hypothesis of the
Ph.D. thesis — the production of alternative energy (biogas) positively
influences the turnover of the resources of agricultural producers, as
well as leaves beneficial influence on the environment and reduces the
import of energy — has been confirmed. The alternative energy
beneficially affects the balance of energy production, reduces the
amounts of GHG emissions in comparison with fossil alternatives,
increases the cycle of turnover of the surplus of agricultural products
and production, and reduces the necessity for the import of energy and
fertilizers.
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PROBLEMS AND THEIR SOLUTIONS

Problem 1: The costs created by the negative external effects are not
fully included in the usage of fossil resources; this creates unfair
preconditions in the policy of price determination for alternative energy
resources in the country, especially in relations to the usage of renewable
sources.

Suggestions for the solution:

1.

The Ministry of Economics should support the incentives of the UN to
achieve transnational agreement on the reduction of created external
environmental factors to develop common compensation mechanism of
external effects which could replace the Kyoto protocol.

The support should be included in the national policy of energy industry
(ensuring the possibility to use transmission grids, qualifying for the
reception of financial support) for local incentives in preventing the
negative external effects, among them — in the establishment of
bioenergy villages and household participation in the usage of
alternative energy.

The Ministry of Economics should prohibit the entrepreneurs to qualify
for financial state support in the usage of fossil energy, except the
establishment of base-load power.

Problem 2: The electricity produced in biogas cogeneration stations
where the agricultural products are used as substratum is more expensive
in comparison with the average market price in Latvia; and it impedes a
wider usage of this energy without any specific ways of support.

Suggestions for the solution:

1.

The institutions of LUA should continue the research on the
intensification of cultivation of cultivated energy plants and
implementation of new more productive sorts of cultivated plants, as
well as their suitability in different types of soil in Latvia.

The Ministry of Environment Protection and Regional Development and
the Ministry of Agriculture should facilitate the processing of the
substratum of cattle breeding into biogas considering the restrictions of
transportation, environmental and economic restrictions.

. It is important to continue the research in agricultural science which

would allow determining precisely the changes of the content of soil
nutrients and their influence on the environment in long-term related to
the usage of digestate, which would also allow determining more
precisely the amounts per unit of land as well as specifying the methods
of calculation in the usage of digestate.
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4.

The institutions of the Ministries of Agriculture and Economics should
create a common data base on the characteristic indicators of biogas
usage: power load, applicable substratum, employed personnel etc.

Problem 3: Bioenergy villages favourably influence the agricultural
production, the development of territories, however, the theoretical
potential of the usage of heat of biogas cogeneration is bigger than it is
possible to consume in the heating of households in towns.

Suggestions for the solution:

1.

The municipalities should promote the establishment of bioenergy
villages in their territory; they have to: analyse the available resources
and the demand for and supply of energy, identify the stakeholders, and
inform the public and entrepreneurs about such possibilities.

The republican cities should develop the combined versions of energy
supply where the part of electricity and the part of heat would be
ensured by the renewable sources.

The Ministries of Economics and Agriculture should develop the system
of grants that would facilitate the interest of the enterprises of energy
supply, among them the owners of the stations of biogas cogeneration,
and municipalities in the development of common energy supply
projects.

The Ministry of Economics should facilitate the usage of heat by the
mechanism of the obligatory purchase tariff of electricity — determining
the amount of the support tariff so that the usage of heat is an objective
necessity.

LUA should continue the research on the possibilities of the usage of the
heat of biogas cogeneration for commercial purposes, for example,
greenhouses, fish pools etc.
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